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1 Executive Summary

2 This document presents the work plan for a combined Resource Conservation and

3 Recovery Act of 19761 (RCRA) facility investigation (RFI) corrective measures study

4 (CMS) and Comprehensive Environmental Response, Compensation, and Liability Act of

5 19802 (CERCLA) remedial investigation (RI) feasibility study (FS) to support the final

6 remedy selection for the 200-SW-2 Operable Unit (OU) at the Hanford Site. This work is

7 being performed under RCRA and CERCLA, as amended by the Hazardous and Solid

8 Waste Amendments of 1984.3

9 The purpose of the RFI and RI is to determine the nature and extent of contamination and

10 the fate and transport of contaminants in the environment in order to evaluate risks and to

11 select remedies and remedial treatment technologies. This work plan presents the

12 conceptual site models (CSMs) for the 200-SW-2 OU waste sites and identifies the data

13 needs. A sampling and analysis plan (SAP) describing the activities for filling the data

14 needs during the RFI and RI has been prepared and is presented in Appendix A.

15 The results will be documented in the RI/RFI report.

16 The purpose of the CMS and FS is to develop, screen, and evaluate alternative remedial

17 actions. The results will be documented in the CMS/FS report. The CMS/FS report also

18 will provide the basis for the development of a proposed plan (PP)/proposed corrective

19 action decision (PCAD) that describes the preferred remedy for each waste site in the

20 200-SW-2 OU. The PP/PCAD will be issued to the public for review and comment in

21 accordance with 40 CFR 300.430(f)(3). 4 Following the receipt of public comments,

22 a record of decision (ROD) and corrective action decision (CAD) will be developed by

23 the Washington State Department of Ecology (Ecology) in cooperation with the

24 U.S. Department of Energy (DOE). The CAD documents the RCRA corrective action

25 plan for each of the waste sites subject to corrective action. Although the CAD and ROD

26 could be issued separately, a single CAD/ROD document is recommended to ensure that

1 Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. Available at:
http://www.epa.gov/epawaste/inforesources/online/index.htm.
2 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq.,
Pub. L. 107-377, December 31, 2002. Available at: http://epw.senate.gov/cercla.pdf.
3 Hazardous and Solid Waste Amendments of 1984, Public Law 98-616, Nov. 8, 1984, 98 Stat. 3221.
4 40 CFR 300.430, "National Oil and Hazardous Substances Pollution Contingency Plan," "Remedial Investigation/
Feasibility Study and Selection of Remedy." Available at: http://www.qpo.gov/fdsys/pkqlCFR-2010-title40-
vo127/xml/CFR-201 0-title40-voI27-sec300-430.xml.
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1 the selected cleanup decisions are compatible for implementation. The CAD/ROD will

2 also contain responses to comments from the public.

3 Background

4 In 2009, the DOE Richland Operations Office (DOE-RL) developed a cleanup

5 framework to reduce the size of the Hanford Site's active cleanup footprint to the area

6 known as the Central Plateau. The Central Plateau is in the central portion of the Hanford

7 Site and encompasses approximately 195 km2 (75 mi2). The two major geographic

8 cleanup areas within the Central Plateau are the 170 km2 (65 mi 2) Outer Area and the

9 25 km2 (10 mi2 ) Inner Area. The 200-SW-2 OU is located in the West and East

10 Inner Areas.

11 The 200-SW-2 OU includes 24 landfills (see Table ES-I and Figures ES-I and ES-2) and

12 14 collocated waste sites. Seven of the landfills are RCRA treatment, storage, and/or

13 disposal (TSD) units and 17 are past-practice waste sites. The collocated sites include

14 11 unplanned release (UPR) sites, the Z Plant bum pit, the T Ponds, and the

15 216-C-9 Pond. The landfills are excavated trenches that received several waste types,

16 including the following:

17 0 Unsegregated waste is defined as waste that was disposed prior to regulations being

18 in effect that would cause it to be defined as one of the following waste categories.

19 0 Low-level waste (LLW) is defined as radioactively contaminated waste that does not

20 meet the criteria for high-level waste or transuranic (TRU) waste.

21 0 Mixed low-level waste (MLLW) and TRU mixed waste (TRUM) are defined as

22 LLW or TRU waste that contain dangerous waste components.

23 The 200-SW-2 OU landfills contain approximately 387,000 m3 (506,000 yd3) of waste.

24 This waste is a heterogeneous mixture of solid waste generated during various operating

25 periods that began in the mid-1940s and ended about 2005. All landfill waste included in

26 the 200-SW-2 OU has been buried in trenches that were designed and constructed to

27 varying lengths, widths, and depths. Additional information on each of the landfills is

28 contained in the CSMs (Appendix D).

vi



Table ES-1. Summary Information for the 200-SW-2 Operable Unit Landfills

Number Volumea of Buried Waste Area'
of

Landfill Trenches m3  ft3  ha ac

Eastern Inner Area (12 Landfills)

218-C-9b 1 7,600 270,000 1.8 4.5

218-E-1 15 3,000 110,000 1.0 2.4

218-E-2 9 9,000 320,000 1.3 3.3

218-E-2A d d 0.3 0.7

218-E-4 C 1,500 53,000 1.2 2.9

218-E-5 2 3,200 110,000 1.1 2.6

218-E-5A 1 6,200 220,000 0.38 0.9

218-E-8 1 2,300 81,000 0.44 1.1

218-E-9 d d 0.56 1.4

14 26,000 920,000 23 57
218-E-10'

Portion that was unused 13 32

218-E-12A 28 15,000 530,000 10 25

39 62,000 2,200,000 23 57

218-E-12B' Portion that was unused 26 64

U.S. Navy nuclear reactors (out of scope) 21 52

Western Inner Area (12 Landfills)

218-W-1 15 7,200 250,000 2.2 5.5

218-W-IA 12 14,000 490,000 3.4 8.4

218-W-2 20 8,200 290,000 2.8 7.0

218-W-2A- 27' 25,000 880,000 15.3 38

218-W-3 20 11,000 390,000 3.1 7.6

218-W-3A' 61' 92,000 3,200,000 21 52

218-W-3AEg 8 34,000 1,200,000 20 49

218-W-4A 22 18,000 640,000 7.0 17

218-W-4B' 15 6,600 230,000 3.5 8.6
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Table ES-1. Summary Information for the 200-SW-2 Operable Unit Landfills

Number Volumea of Buried Waste Area'
of

Landfill Trenches m3  ft3  ha ac

161 15,000 530,000 15 37
218-W-4Cch

Portion that was unused 4.3 11

11 19,000 700,000 24 59
218-W-5'

Lined trenches 31 and 34 (out of scope) 10 25

218-W-11 2i 1,200 42,000 0.87 2.1

Total 339 387,000 13,656,000 257 634

a. All numbers are estimates based on historical information, rounded to the nearest tenth (trench length) or
two significant figures (waste volume and area). Waste volumes include in-scope waste only.

b. The 218-C-9 Landfill is collocated with the 216-C-9 Pond.

c. Landfill is a permitted TSD unit landfill under RCRA. These landfills include the "Green Islands" (see
Figures 1-3 and 1-4 for Green Island locations).

d. The 218-E-2A and 218-E-9 Landfills may have been used only for aboveground storage of contaminated
equipment. There are no records or inventories of disposal.

e. The number of trenches and total length are unknown.

f. Five of the trenches in the 218-W-2A Landfill, four in the 218-W-3A Landfill, and one in the
218-W-4C Landfill were not used. These numbers include the unused trenches.

g. The 218-W-2A and 218-W-3AE Landfills are collocated with the 216-T-4, 216-T-4A, and
216-T-4B Ponds and the 216-T-4-2 Ditch.

h. The 218-W-4C Landfill is collocated with the Z Plant bum pit.

i. 2006 geophysical investigations suggest that only one trench exists.

1
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1 DOE-RL is required to remove post-1970 stored TRU waste in the West and East Inner

2 Areas under Tri-Party Agreement (TPA) (Ecology et al., 1989a, Hanford Federal Facility

3 Agreement and Consent Order5 ) Milestone M-091-40. This work is ongoing, and the

4 activities described in this work plan will be integrated with the TPA (Ecology et al.,

5 1989a) Milestone M-091 removal activities.

6 The 200-SW-2 OU decision process will include the following:

7 0 Investigate the nature and extent of contamination from the ground surface to

8 the groundwater.

9 0 Evaluate potential impacts to human health and the environment.

10 0 Evaluate potential impacts on groundwater.

11 0 Evaluate a combination of proven and emerging technologies for characterizing,

12 remediating, and monitoring the radioactive landfill.

13 0 Evaluate, select, and implement remedial solutions for contamination to protect

14 human health, the environment, and groundwater.

15 Characterization to investigate the nature and extent of contamination at the

16 200-SW-2 OU landfills will be conducted in two phases over a period of approximately

17 5 years using a variety of technologies. The first phase will consist of nonintrusive

18 investigations including aerial radiation survey, baseline and advanced geophysics

19 (multi-channel analysis of surface waves), and passive soil gas sampling. The results of

20 the nonintrusive investigations will guide the location of the intrusive investigations,

21 which include horizontal borings, direct push probes, additional advanced geophysical

22 methods (surface-to-surface and electrical resistivity tomography), active soil gas

23 sampling, and test pits. Soil samples from the horizontal borings and direct pushes will be

24 collected for laboratory analysis.

25 Work Plan History

26 The development of the 200-SW-2 OU work plan, and the assessment of data needs

27 through the data quality objective (DQO) process, occurred in 2014. The DQO Summary

5 Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order, 2 vols., as amended,
Washington State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Department of Energy,
Olympia, Washington. Available at: http://www.hanford.gov/?page=81.
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1 Report is located in Appendix J. The characterization activities designed to fill the data

2 needs identified in the 2014 DQO process are described in the SAP (Appendix A).

3 The CSMs (Appendix D), which were revised in 2014 for this Draft B, support the DQO

4 and SAP.

5 If during the RFI/CMS/RI/FS processes additional data needs are identified to support

6 development of remedial alternatives, a supplemental DQO and SAP or SAP addendum

7 may be developed.
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Terms
AEA Atomic Energy Act of1954

amsl above mean sea level

ALARA as low as reasonably achievable

ARAR applicable or relevant and appropriate requirement

bgs below ground surface

BRA baseline risk assessment

CA corrective action

CAD corrective action decision

CFR Code of Federal Regulations

CCU Cold Creek unit

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of1980

CFR Code of Federal Regulations

CHPRC CH2M HILL Plateau Remediation Company

CMI corrective measures implementation

CMS corrective measures study

COC contaminant of concern

COPC contaminant of potential concern

CPP CERCLA past-practice

CSM conceptual site model

DOE U.S. Department of Energy

DOE-RL DOE Richland Operations Office (also known as RL)

DNAPL dense nonaqueous-phase liquid

DQA data quality assessment

DQO data quality objective

DVZ deep vadose zone

DWS drinking water standard

Ecology Washington State Department of Ecology

Eco-SSL ecological soil screening level

EPA U.S. Environmental Protection Agency

EPC exposure point concentration

ERA ecological risk assessment
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ERDF Environmental Restoration Disposal Facility

ERT electrical-resistivity tomography

FS feasibility study

FUSRAP Formerly Utilized Sites Remedial Action Program

FY fiscal year

HAB Hanford Advisory Board

HCP-EIS Final Hanford Comprehensive Land Use Plan Environmental Impact Statement
(DOE/EIS-0222-F)

HHE human health and the environment

HHRA human health risk assessment

HMS Hanford Meteorological Station

HSWA Hazardous and Solid Waste Amendments of1984

IDF Integrated Disposal Facility

IDW investigation-derived waste

IRIS Integrated Risk Information System

Kd distribution coefficient

LERF Liquid Effluent Retention Facility

LLBG low-level burial ground

LLW low-level waste

LLWMA low-level waste management area

MASW multi-channel analysis of surface waves

MCL maximum contaminant level

MCLG maximum contaminant level goal

MLLW mixed low-level waste

MNA monitored natural attenuation

MTCA "Model Toxics Control Act-Cleanup" (WAC 173-340)

N/A not applicable

NAPL nonaqueous-phase liquid

NCEA National Center for Environmental Assessment

NCP National Contingency Plan (40 CFR 300, "National Oil and Hazardous Substances
Pollution Contingency Plan")

NEPA National Environmental Policy Act of 1969

NPL National Priorities List (40 CFR 300, Appendix B)
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OU

P&T

PCAD

PCB

PFP

PNNL

POC

PP

PRG

PPRTV

PSQ

PUREX

QAPjP

RA

RAO

R-CPP

RCRA

RCW

RD

RECUPLEX

REDOX

RFI

RI

ROD

RSW

RTD

SALDS

SAP

SDWA

SIM

SMDP

SSL

xxi

operable unit

pump-and-treat

proposed corrective action decision

polychlorinated biphenyl

Plutonium Finishing Plant

Pacific Northwest National Laboratory

point of compliance

proposed plan

preliminary remediation goal

provisional peer reviewed toxicity value

principal study question

Plutonium-Uranium Extraction (Plant or process)

quality assurance project plan

remedial action

remedial action objective

RCRA/CERCLA past-practice

Resource Conservation and Recovery Act of1976

Revised Code of Washington

remedial design

Recovery of Uranium and Plutonium by Extraction

Reduction-Oxidation Plant

RCRA facility investigation

remedial investigation

record of decision

retrievably stored waste

removal, treatment, and disposal

State-Approved Land Disposal Site

sampling and analysis plan

Safe Drinking Water Act of 1974

Soil Inventory Model

scientific management decision point

soil screening level
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SST

STOMP

STS

SVE

SWITS

TBC

TCE

TEDF

TI

TNC

TOC

TPA

Tri-Parties

Tri-Party Agreement

TRU

TRUM

TSD

UPR

USG

VOC

WAC

WIDS

WMA

WP

WRAP

single-shell tank

Subsurface Transport Over Multiple Phases

surface-to-surface

soil-vapor extraction

Solid Waste Information and Tracking System

to be considered

trichloroethene

Treated Effluent Disposal Facility

technical impracticability

The Nature Conservancy

total organic carbon

Tri-Party Agreement

U.S. Department of Energy, U.S. Environmental Protection Agency, and Washington
State Department of Ecology

Hanford Federal Facility Agreement and Consent Order

transuranic

TRU mixed waste

treatment, storage, and/or disposal

unplanned release

unsegregated waste

volatile organic compound

Washington Administrative Code

Waste Information Data System

waste management area

work plan

Waste Receiving and Processing Facility
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Glossary

Burial Ground-At the Hanford Site, a burial ground is synonymous with the term landfill. Many of the
200 Area landfills that are part of the 200-SW-2 Operable Unit used the term burial ground as part of the
formal name (e.g., Equipment Burial Ground 2; also called 218-E-2). A 200-SW-2 Operable Unit burial
ground typically had defined disposal trenches used for disposal of solid waste. Trench dimensions
varied, based on the type of waste being disposed.

Class A and B Poisons-As defined in 49 CFR 1736, a material, other than a gas, that is known to be so
toxic (Class A-Extremely Dangerous Poison) (Class B-Less Dangerous Poison) to humans as to afford a
hazard to health during transportation; or which, in the absence of adequate data on human toxicity, is
presumed to be toxic to humans because it falls within any one of the following categories when tested on
laboratory animals: oral toxicity, dermal toxicity, or inhalation toxicity. Poisons must enter the body to
cause injury or illness, and usually only a small amount of material is necessary. The extent of injury
depends on the route of exposure, the concentration or strength of the chemical, and the length of
exposure time.

Contact-Handled Waste-Packaged waste whose external surface dose rate does not exceed
200 mrem/h and does not create a high radiation area (>100 mrem/h at 30 cm).

Dangerous Waste-Solid waste designated in WAC 173-303-070 through WAC 173-303-1007 as
dangerous or extremely hazardous waste, or mixed waste. Wastes disposed before August 19, 1987, are
not designated as dangerous waste according to the Washington Administrative Code, regardless of the
current regulatory status.

Disposal-As used in this document, placement of waste with no intent of future retrieval; statutory or
regulatory definitions may differ.

Dump-As used in this document, a dump is a disposal area that is not pre-planned. Designed and
constructed "dump" sites (or suspected dump sites) that once were included in the 200-SW-2 OU for
remedial investigation now reside within the 200-MG-I OU.

Gradient-The change in the value of a quantity (e.g., concentration) with change in a given variable per
unit distance in a specified direction.

Green Islands-Mixed waste disposed after August 19, 1987, is subject to the RCRA treatment, storage,
and disposal (TSD) standards. Mixed waste disposed to the RCRA landfills after the effective date of
regulation historically has been coded on the RCRA Part A Permit application maps with the color green.
These disposal locations have been referred to as "Green Islands." Green Islands are subject to regulation
as RCRA landfills.

6 49 CFR 173, "Transportation," "Shippers-General Requirements for Shipments and Packagings," Code of Federal
Regulations. Available at: http://www.qpo.Qov/fdsvs/pkq/CFR-2009-title49-vol2/xmli/CFR-2009-title49-vol2-
part1 73.xml.
7 WAC 173-303-070 through 173-303-100, "Dangerous Waste Regulations," Washington Administrative Code,
Olympia, Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=1 73-303.
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Hazardous Waste-Solid waste that contains chemically hazardous constituents regulated under
Subtitle C of RCRA, as amended (40 CFR 2618), and regulated as a hazardous waste and/or mixed waste
by the U.S. Environmental Protection Agency. May also include solid waste designated by Washington
State as dangerous waste. Hazardous constituents were not regulated until August 19, 1987, and are not
designated as hazardous waste unless they were disposed after that date.

Landfill-As defined in WAC 173-303-0409, a disposal facility, or part of a facility, where dangerous
waste is placed in or on land and which is not a pile, a land treatment facility, a surface impoundment, or an
underground injection well; a salt dome formation, a salt bed formation, an underground mine, a cave, or
a corrective action management unit. The performance standards for disposal facilities under
DOE 0 435.110 are functionally equivalent to the Washington Administrative Code requirements for
landfills.

Low-Level (Radioactive) Waste-(LLW) Radioactive waste that is not high-level waste, spent nuclear
fuel, transuranic (TRU) waste, byproduct material (as defined in Section IIe (2) of the Atomic Energy Act
of195411, as amended), or naturally occurring radioactive material.

Mixed Low-Level Waste-(MLLW) Waste that meets the definition of low-level waste, and that also
contains a hazardous component subject to RCRA, as amended, or WAC 173-30312. Mixed low-level
waste is considered to be only the type of waste that was disposed after August 19, 1987.

Radioactive Waste-Waste that is managed for its radioactive content. Waste material that contains
source, special nuclear, or byproduct material is subject to regulation as radioactive waste under the
Atomic Energy Act of 1954.

Remedial Action-Activities conducted under CERCLA authority to reduce potential risks to people
and/or harm to the environment from radioactive and/or hazardous substance (including radionuclide)
contamination.

Remote-Handled Waste-Packaged radioactive waste for which the external dose rate exceeds that
defined for contact-handled waste (generally < or = 200 mrem/h at the container surface). These wastes
require handling using remotely controlled equipment or placement in shielded containers to reduce
human exposure during routine waste management activities. About 1,000 burials are designated as
remote handled, but have dose rates much lower than 200 mrem/h. Most of these exceptions are caisson
waste, which always was remotely handled.

Retrievably Stored Waste-Waste packaged and stored in a manner that allows retrieval at a future
time. TRU waste was not retrievably stored until May 1970, to distinguish between retrievably stored
TRU waste and pre-1970 transuranically contaminated material.

8 40 CFR 261, "Identification and Listing of Hazardous Waste," Code of Federal Regulations. Available at:
http://www.qpo.qov/fdsvs/pkq/CFR-2010-title40-vol25/xml/CFR-201 0-title40-vol25-part261.xml.
9 WAC 173-303-040, "Dangerous Waste Regulations," "Definitions," Washington Administrative Code, Olympia,
Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303-040.
10 DOE 0 435.1 Chg 1, 2007, Radioactive Waste Management, U.S. Department of Energy, Washington, D.C.
Available at: https://www.directives.doe.gov/directives-documents/0435.1-BOrder-cl.
11 Atomic Energy Act of 1954, 42 USC 2011, Pub. L. 83-703, 68 Stat. 919. Available at:
http://epw.senate.gov/atomic54.pdf.
12 WAC 173-303, "Dangerous Waste Regulations," Washington Administrative Code, Olympia, Washington.
Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303.
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Solid Waste-According to 40 CFR 261.213, a "solid waste" is defined as any discarded material that is
not excluded by 40 CFR 261.4(a) 14 or that is not excluded by variance granted under 40 CFR 260.3015
and 40 CFR 260.3116. A discarded material is any material that is abandoned, recycled, considered
inherently waste-like, or a military munition.

Transuranic Isotope-An isotope of any element having an atomic number greater than 92 (the atomic
number of uranium).

Transuranic (TRU) Waste-Radioactive waste (generated since 1970) containing more than 100 nCi
(3,700 Bq) of alpha-emitting transuranic isotopes per gram of waste with half-lives greater than 20 years.

Transuranic Mixed Waste (TRUM)-Radioactive waste (see TRU Waste) that also contains hazardous
constituents. TRUM has mixed-waste components disposed after August 19, 1987.

Treatment, Storage, and/or Disposal landfill-A landfill where dangerous waste is placed in or on the
land, as defined in WAC 173-303.

Unsegregated (USG) Waste-Waste that was disposed prior to regulations being in effect that would
cause it to be defined as another type of waste categories.

13 40 CFR 261.2, "Identification and Listing of Hazardous Waste," "Definition of Solid Waste," Code of Federal
Regulations. Available at: http://www.qpo.qov/fdsVs/pkqlCFR-201 0-title40-vo125/xml/CFR-201 0-title40-vol25-sec26 1-
2.xml.
14 40 CFR 261.4, "Identification and Listing of Hazardous Waste," "Exclusions," Code of Federal Regulations.
Available at: http://www.qpo.qov/fdsvs/pkq/CFR-201 0-title40-vol25/xml/CFR-201 0-title40-voI25-sec261-4.xml.
15 40 CFR 260.30, "Hazardous Waste Management System: General," "Non-Waste Determinations and Variances
from Classification as a Solid Waste," Code of Federal Regulations. Available at: http://www.qpo.gov/fdsys/pkg/CFR-
201 0-title40-vol25/xml/CFR-201 0-title40-voI25-sec260-30.xml.
16 40 CFR 260.31, "Hazardous Waste Management System: General," "Standards and Criteria for Variances from
Classification as a Solid Waste," Code of Federal Regulations. Available at: http://www.qpo.qov/fdsVs/pkq/CFR-2010-
title40-vol25/xml/CFR-201 0-title40-voI25-sec260-31.xml.
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Metric Conversion Chart

Into Metric Units Out of Metric Units

Ifyou know Multiply by To get Ifyou know Multiply by To get

Length Length

Inches 25.40 millimeters Millimeters 0.0394 Inches
Inches 2.54 centimeters Centimeters 0.394 Inches
Feet 0.305 meters Meters 3.281 Feet
Yards 0.914 meters Meters 1.094 Yards
miles (statute) 1.609 kilometers Kilometers 0.621 miles (statute)

Area Area

sq. inches 6.452 sq. centimeters sq. centimeters 0.155 sq. inches
sq. feet 0.0929 sq. meters sq. meters 10.764 sq. feet
sq. yards 0.836 sq. meters sq. meters 1.196 sq. yards
sq. miles* 2.591 sq. kilometers sq. kilometers 0.386 sq. miles
Ac 0.405 hectares Hectares 2.471 Ac

Mass (weight) Mass (weight)

ounces (avoir) 28.349 grams Grams 0.0353 ounces (avoir)
Pounds 0.454 kilograms Kilograms 2.205 pounds (avoir)
tons (short) 0.907 ton (metric) ton (metric) 1.102 tons (short)

Volume Volume

Teaspoons 5 milliliters Milliliters 0.034 ounces

(U.S., liquid)
Tablespoons 15 milliliters Liters 2.113 Pints
ounces 29.573 milliliters Liters 1.057 quarts
(U.S., liquid) (U.S., liquid)
Cups 0.24 liters Liters 0.264 gallons

(U.S., liquid)
Pints 0.473 liters cubic meters 35.315 cubic feet
quarts 0.946 liters cubic meters 1.308 cubic yards
(U.S., liquid)094
gallons 3.785 liters
(U.S., liquid) 3
cubic feet 0.0283 cubic meters
cubic yards 0.764 cubic meters

Temperature Temperature

Fahrenheit (oF-32)*5/9 Centigrade Centigrade (oC*9/5)+32 Fahrenheit

Radioactivity Radioactivity

Picocurie 37 millibecquerel Millibecquerel 0.027 Picocurie

* One square mile = 640 ac.
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1 1 Introduction
2 This document presents the work plan (WP) for a combined remedial investigation (RI)/feasibility study
3 (FS) and Resource Conservation and Recovery Act of 1976 (RCRA) facility investigation (RFI)/corrective
4 measures study (CMS) to support the final remedy selection for the 200-SW-2 Operable Unit (OU) at the
5 Hanford Site. This work is being performed under the Comprehensive Environmental Response,
6 Compensation, and Liability Act of 1980 (CERCLA) and RCRA, as amended by the Hazardous and Solid
7 Waste Amendments of 1984.

8 The Hanford Site consists of approximately 1,517 km2 (586 mi2) in the Columbia River Basin of
9 southeastern Washington State. In 1989, the U.S. Environmental Protection Agency (EPA) placed the

10 100, 200, 300, and 1100 Areas of the Hanford Site on the National Priorities List (NPL) (40 CFR 300,
11 "National Oil and Hazardous Substances Pollution Contingency Plan" [NCP], Appendix B, "National
12 Priorities List") pursuant to CERCLA. 1 Each NPL (40 CFR 300) site is divided into multiple OUs, as
13 outlined in Ecology et al., 1989a, Hanford Federal Facility Agreement and Consent Order
14 (Tri-Party Agreement [TPA]). The 200-SW-2 OU is part of the 200 Area NPL site.

15 In 2009, the U.S. Department of Energy (DOE), Richland Operations Office (DOE-RL) developed
16 a cleanup framework to reduce the size of the Hanford Site active cleanup footprint to the area known as
17 the Central Plateau. The Central Plateau is approximately 195 km2 (75 mi2 ) and encompasses the
18 200 Area NPL site. The two major geographic cleanup areas within the Central Plateau include the
19 170 km2 (65 mi2) Outer Area and the 25 km2 (10 mi2 ) Inner Area (Figure 1-1). The 200-SW-2 OU is
20 located in the Central Plateau's Inner Area.

21 This WP is prepared in response to TPA (Ecology et al., 1989a) Milestone M-015-113, which requires a
22 revised RFI/CMS/RI/FS WP for the 200-SW-2 OU to be submitted to the Washington State Department
23 of Ecology (Ecology), the lead regulatory agency for the 200-SW-2 OU. This WP was prepared in
24 accordance with the following guidance documents:

25 e EPA/540/G-89/004, Guidance for Conducting Remedial Investigations and Feasibility Studies Under
26 CERCLA (Note: Section 6.2.3.7 associated with cost estimating has been superseded
27 by EPA 540-R-00-002, A Guide to Developing and Documenting Cost Estimates During the
28 Feasibility Study.)

29 e EPA/540/G-91/011, Guidance on RCRA Corrective Action Decision Documents

30 e EPA/240/B-06/001, Guidance on Systematic Planning Using the Data Quality Objectives Process
31 (EPA QA/G-4)

32 e EPA 530/SW-89-03 1, Interim Final RCRA Facility Investigation (RFI) Guidance

33 e DOE/EH-9400765 8, Remedial Investigation/Feasibility Study (RI/FS) Process, Elements,
34 and Techniques

1 The 1100 Area was removed from the NPL (40 CFR 300, Appendix B) in September 1996.
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2 Figure 1-1. Hanford Site
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1 This revised document addresses comments received from Ecology. The major changes from the previous
2 version of the WP include the following:

3 e Elimination of geographic overlays from consideration

4 e Consolidation of landfill data and field investigation information into a revised conceptual site model
5 (CSM) for each landfill

6 e Clarification of language

7 e Clarification of the proposed field investigation(s) for each landfill

8 e Inclusion of additional characterization to fill data gaps and support risk assessment

9 1.1 Scope and Objectives

10 The goal of the 200-SW-2 OU Project is to implement response actions that will protect human health, the
11 environment, and groundwater from contamination associated with the 200-SW-2 OU waste sites.
12 The 200-SW-2 OU waste sites are located in the Central Plateau.

13 Currently, 24 landfills are assigned to the 200-SW-2 OU. The CERCLA RI/FS process will be combined
14 with the RCRA RFI/CMS process. The RFI/CMS/RI/FS report will present the results of the investigation
15 and alternatives analysis. The CERCLA proposed plan (PP)/RCRA proposed corrective action (CA)
16 decision (PCAD), the CERCLA record of decision (ROD), and RCRA CA decision (CAD) processes will
17 be used for decision making. The 200-SW-2 OU decision process will include the following:

18 e Investigating the nature (type) and extent (special distribution) of contamination from the surface to
19 the groundwater.

20 e Evaluating potential impacts to human health and the environment.

21 e Evaluating potential impacts on groundwater and the Columbia River.

22 e Evaluating a combination of proven and emerging technologies for characterizing, remediating,
23 and monitoring contamination.

24 e Evaluating, selecting, and implementing remedial solutions that protect human health, the
25 environment, and groundwater from contamination in the vadose zone.

26 The objectives for the 200-SW-2 OU WP are as follows:

27 e Document the current state of knowledge and identify the activities needed to determine a preferred
28 remedy(s).

29 e Present the rationale and approach for the RFI/CMS/RI/FS.

30 e Present the available information on the OU and applicable technologies.

31 e Incorporate the Central Plateau Inner Area cleanup principles.

32 e Identify data gaps and a data collection strategy.
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1 e Describe the tasks and schedule for the RFI/CMS/RI/FS.

2 e Achieve concurrence on the scope for the RFI/CMS/RI/FS.

3 The scope of 200-SW-2 OU includes 24 landfills (see Table 1-1 and Figures 1-2 and 1-3) and
4 14 collocated waste sites. Seven of the landfills are RCRA treatment, storage, and/or disposal (TSD) units
5 and 17 are past-practice waste sites. The collocated sites include 11 unplanned release (UPR) sites, the
6 Z Plant bum pit, the T Ponds, and the 216-C-9 Pond. The landfills are excavated trenches that received
7 several waste types, including the following:

8 e Unsegregated waste (USG) is defined as waste that was disposed prior to regulations being in effect
9 that would cause it to be defined as one of the following waste categories.

10 e Low-level waste (LLW) is defined as radioactively contaminated waste that does not meet the criteria
11 for high-level waste or transuranic (TRU) waste.

12 e Mixed low-level waste (MLLW) and TRU mixed waste (TRUM) are defined as LLW or TRU waste
13 that contain dangerous waste components.

14 e TRU waste is defined in DOE G 435.1, Implementation Guidefor Use with DOE M 435.1, p. 111-1, as
15 radioactive waste containing more than 100 nCi (3,700 Bq) of alpha-emitting TRU isotopes per gram
16 of waste, with half-lives greater than 20 years, except for the following:

17 o High-level radioactive waste

18 o Waste that the Secretary of Energy has determined, with the concurrence of the EPA
19 administrator, does not need the degree of isolation required by 40 CFR 191,
20 "Environmental Radiation Protection Standards for Management and Disposal of Spent
21 Nuclear Fuel, High-Level and Transuranic Radioactive Wastes," disposal regulations

22 o Waste that the U.S. Nuclear Regulatory Commission has approved for disposal on a
23 case-by-case basis in accordance with 10 CFR 61, "Licensing Requirements for Land
24 Disposal of Radioactive Waste"

25 1.2 RCRA-CERCLA Process

26 The TPA (Ecology et al., 1989a), which was originally published on May 15, 1989, implements the
27 responsibilities of DOE, EPA, and Ecology (together known as the Tri-Parties) under Section 120 of
28 CERCLA to jointly pursue remedial actions (RAs) on the Hanford Site. The TPA (Ecology et al., 1989a)
29 is a dynamic document that incorporates the Ris, decisions, and actions agreed upon by the Tri-Parties.
30 DOE is the lead agency responsible for conducting the response actions at the Hanford Site. Subsequent
31 to 1989, the TPA was revised and will continue to be updated, as necessary, per agreements by the
32 Tri-Parties. The most recent version of the TPA (Ecology et al., 1989a) can be found at the following
33 link: http://www.hanford.gov/page.cfm/TriParty.

34
35 The Tri-Parties have developed a specific process for coordinating the regulatory authorities for CERCLA
36 and RCRA in Section 5.0, "Interface of Regulatory Authorities," of the TPA Action Plan (Ecology et al.,
37 1989b, Hanford Federal Facility Agreement and Consent Order Action Plan) to ensure that past-practice
38 cleanup requirements and TSD closure performance standards are met. Section 5.4 of the TPA Action
39 Plan (Ecology et al., 1989b), "Management of Past-Practice Units," describes the rationale for placing
40 OUs in either RCRA-CERCLA past-practice (R-CPP) or CERCLA past-practice (CPP) categories for
41 cleanup. The 200-SW-2 OU is designated as an R-CPP OU with Ecology as the lead regulatory agency.
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Figure 1-2. Location of 200-SW-2 OU Landfills in the Western Portion of the Inner Area
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Table 1-1. Summary Information for the 200-SW-2 OU Landfills

Total Length of
Trenches

Number (Cumulative) Volumea of Buried Waste Areaa
of +

Landfill Trenches km mi m3  ft3  ha ac

Eastern Inner Area (12 Landfills)

218-C-9b 1 0.4 0.3 7,600 270,000 1.8 4.5

218-E-1 15 0.9 0.6 3,000 110,000 1.0 2.4

218-E-2 9 0.2 0.2 9,000 320,000 1.3 3.3

218-E-2A d d d d d 0.3 0.7

218-E-4 ' ' e 1,500 53,000 1.2 2.9

218-E-5 2 0.2 0.1 3,200 110,000 1.1 2.6

218-E-5A 1 <0.1 <0.1 6,200 220,000 0.38 0.9

218-E-8 1 0.1 0.1 2,300 81,000 0.44 1.1

218-E-9 d d d d d 0.56 1.4

14 5.3 3.3 26,000 920,000 23 57
218-E-10c

Portion that was unused 13 32

218-E-12A 28 7.8 4.8 15,000 530,000 10 25

39 11.9 7.4 62,000 2,200,000 23 57

218-E-12Bc Portion that was unused 26 64

U.S. Navy nuclear reactors (out of scope) 21 52

Western Inner Area (12 Landfills)

218-W-1 15 1.2 0.8 7,200 250,000 2.2 5.5

218-W-1A 12 0.5 0.3 14,000 490,000 3.4 8.4

218-W-2 20 2.9 1.8 8,200 290,000 2.8 7.0

218-W-2Az 27' 4.1 2.6 25,000 880,000 15.3 38

218-W-3 20 2.8 1.8 11,000 390,000 3.1 7.6

218-W-3Ac 61' 14.3 8.9 92,000 3,200,000 21 52

218-W-3AEc 8 2.9 1.8 34,000 1,200,000 20 49

218-W-4A 22 5.0 3.1 18,000 640,000 7.0 17

218-W-4Bc 15 2.4 1.5 6,600 230,000 3.5 8.6
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Table 1-1. Summary Information for the 200-SW-2 OU Landfills

Total Length of
Trenches

Number (Cumulative) Volumea of Buried Waste Areaa
of

Landfill Trenches km mi m3  ft3  ha ac

16' 3.0 1.8 15,000 530,000 15 37
218-W-4Cc,h

Portion that was unused 4.3 11

11 3.6 2.4 19,000 700,000 24 59
218-W-5c

Lined trenches 31 and 34 (out of scope) 10 25

218-W-11 2J 0.1 0.1 1,200 42,000 0.87 2.1

Total 339 70 44 387,000 13,656,000 257 634

a. All numbers are estimates based on historical information, rounded to the nearest tenth (trench length) or two significant
figures (waste volume and area). Waste volumes include in-scope waste only.

b. The 218-C-9 Landfill is collocated with the 216-C-9 Pond.

c. Landfill is a permitted treatment, storage, and/or disposal unit landfill under RCRA. These landfills include the "Green
Islands" (see Figures 1-2 and 1-3 for the Green Island locations).

d. The 218-E-2A and 218-E-9 Landfills may have been used only for aboveground storage of contaminated equipment. There
are no records or inventories of disposal.

e. The number of trenches and total length are unknown.

f. Five of the trenches in the 218-W-2A Landfill, four in the 218-W-3A Landfill, and one in the 218-W-4C Landfill were not
used. These numbers include the unused trenches.

g. The 218-W-2A and 218-W-3AE Landfills are collocated with the 216-T-4, 216-T-4A, and 216-T-4B Ponds and the
216-T-4-2 Ditch.

h. The 218-W-4C Landfill is collocated with the Z Plant bum pit.

i. 2006 geophysical investigations suggest that only one trench exists.

1 RCRA TSD unit closure actions and CA requirements for releases to soil that are associated with TSD
2 units will be performed in accordance with requirements described by Ecology in the Hanford Facility
3 RCRA Permit (WA7890008967, 2014). RCRA TSD unit closure requirements and CA requirements will
4 be coordinated with the 200-SW-2 OU CERCLA evaluations.

5 The coordinated RCRA-CERCLA process for the remediation and closure of the 200-SW-2 OU consists
6 of the following major activities:

7 e Develop a final RFI/CMS/RI/FS WP (TPA Milestone M-015-113).

8 e Implement and complete work needed to complete the RFI/CMS/RI/FS report
9 (TPA Milestone M-015-93B).

10 e Develop a final PCAD/PP (TPA Milestone M-015-93B).

11 e Provide the public with the opportunity to offer comments.

12 e Develop and approve a CAD/ROD.
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1 e Develop a final corrective measures implementation (CMI) and remedial design (RD)/RA WP.

2 e Implement the final remedy.

3 e Achieve RA completion.

4 e Develop a RA report.

5 e Develop and implement a monitoring program (if required).

6 e Perform a cyclic 5-year review of the remedy effectiveness as required by CERCLA and reporting
7 as required by RCRA.

8 Figure 1-4 provides a visual representation of the coordinated CERCLA-RCRA RA/CA and RCRA TSD
9 unit closure process. This coordination process is described in detail below.

10 As required by TPA Milestone M-015-113, the information necessary for conducting cleanup for the
11 200-SW-2 OU will be presented in a combined RI/FS and RFI/CMS WP. The 200-SW-2 OU
12 RFI/CMS/RI/FS WP identifies the activities needed to gather additional data to make a cleanup decision
13 for the 200-SW-2 OU waste sites.

14 A single document that coordinates the evaluations required by the CERCLA RI/FS process and the
15 RCRA RFI/CMS process will be developed. After additional data identified in the WP have been
16 gathered and analyzed, the CSMs updated, and the risk assessment performed, an RFI/CMS/RI/FS
17 document will be completed to present those results and identify and evaluate technologies and
18 development of cleanup alternatives. CERCLA screening criteria and RCRA CA performance standards
19 will be used to evaluate the preliminary alternatives. For the RCRA TSD units within the 200-SW-2 OU,
20 RCRA closure and post-closure requirements will be readily identifiable for a separate review/approval
21 process.

22 A PCAD/PP will be prepared to identify the proposed cleanup action for the 200-SW-2 OU landfills and
23 waste sites. For the RCRA TSD units, a separate RCRA closure plan and post-closure plan will be
24 prepared to describe how TSD unit closure requirements are met. Both the PCAD/PP and the closure
25 plan/post-closure plan will be available in parallel for the public involvement process.

26 After considering input from public comment, the Tri-Parties will issue a CAD/ROD for the cleanup
27 decision, and Ecology will then issue a RCRA permit modification to document the CAD and TSD unit
28 closure requirements. If appropriate, the RCRA permit modification may include a director's
29 determination that alternative closure requirements be applied under Washington Administrative Code
30 (WAC) 173-303-610(1)(e), "Dangerous Waste Regulations," "Closure and Post-Closure," for closure of
31 the TSD units. Although the CAD and ROD could be issued separately, a single CAD/ROD document is
32 recommended to ensure that the selected cleanup decisions are compatible for implementation.

33 The selected corrective and RAs, closure/post-closure performance standards, and associated design
34 details for the TSD units will be presented as part of the CMI/RD/RA WP.

35 The proposed closure and remedial activities contained in the CMI/RD/RA WP will:

36 * Address compliance with RCRA closure performance standards, RCRA CA requirements, and
37 CERCLA remediation requirements
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Figure 1-4. Coordinated RCRA-CERCLA and RCRA Closure Decision Process
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1 e Be consistent with requirements specified in the Hanford Facility RCRA Permit (WA7890008967)

2 e Coordinate the cleanup and closure actions

3 The final post-closure plan for the TSD units and the operations and maintenance plan to define
4 post-cleanup management and control of the sites will be developed and submitted for approval once the
5 remedy has been completed. The remedy will be evaluated for protectiveness at the 5-year CAD/ROD
6 review. If further actions are required for protectiveness, the CAD/ROD and the RCRA permit will
7 be modified.

8 1.3 Hanford Site Cleanup Completion Framework and Inner Area Principles

9 This section discusses the framework for completing cleanup on the Hanford Site, as well as the cleanup
10 principles for the Central Plateau Inner Area.

11 1.3.1 Hanford Site Cleanup Completion Framework
12 The DOE's site cleanup strategy and approach to completing the remainder of the cleanup mission is
13 described in DOE/RL-2009-10, Hanford Site Cleanup Completion Framework. The framework document
14 defines the principal components of cleanup and provides the context for individual cleanup actions by
15 establishing the approaches and common goals for those decisions needed to complete the
16 cleanup mission.

17 The framework document (DOE/RL-2009-10) defines the overarching goals for cleanup, as shown in
18 Table 1-2. These goals embody more than 20 years of dialogue among the Tri-Parties, Tribal Nations,
19 state of Oregon, stakeholders, and the public. The goals consider key values captured in forums, such as the
20 Hanford Future Site Uses Working Group, Tank Waste Task Force, Hanford Summits, Tribal Nation values
21 statements, and the Hanford Advisory Board (HAB). The goals serve as a guide for all aspects of
22 Hanford Site cleanup and help set priorities to apply resources and sequence cleanup efforts for the
23 greatest benefit.

24 To achieve these goals, the Hanford Site cleanup is organized into three major components:
25 River Corridor, including the Hanford Reach National Monument; Central Plateau; and tank farms/tank
26 waste. Each component of cleanup is complex and challenging, involving multiple projects and
27 contractors and requiring many years and billions of dollars to complete. Environmental cleanup of waste
28 sites and facilities in the River Corridor is nearing completion, with substantial progress made on
29 groundwater remediation. Closure of tanks and tank farms was evaluated in DOE/EIS-0391, Final Tank
30 Closure and Waste Management Environmental Impact Statement for the Hanford Site, Richland,
31 Washington (TC & WM EIS), with a ROD issued in December 2013 (78 FR 240, "Record of Decision for
32 the Final Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site,
33 Richland, Washington").

34 The Hanford Site's cleanup mission began in 1989 following a plutonium production era that lasted from
35 1943 to 1989. During plutonium production, the Hanford Site was divided into production areas,
36 including the 200 East Area and 200 West Area that contain the major nuclear fuel processing, waste
37 management, and disposal facilities. This WP presents information related to the primary sources of
38 contamination from plutonium production in the 200 East and 200 West Areas. The historic 200 East and
39 200 West Area designations are used in context throughout this WP, where appropriate.
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Table 1-2. Overarching Goals for Cleanup

Goals for Cleanup

Goal 1: Protect the Columbia River.

Goal 2: Restore groundwater to its beneficial use to protect human health, the environment, and the Columbia
River.

Goal 3: Clean up River Corridor waste sites and facilities to achieve the following objectives:

" Protect groundwater and the Columbia River
" Shrink the active cleanup footprint to the Central Plateau
" Support anticipated future land uses

Goal 4: Clean up Central Plateau waste sites and facilities to achieve the following objectives:

" Protect groundwater and the Columbia River
" Minimize the footprint of areas requiring long-term waste management activities
" Support anticipated future land uses

Goal 5: Safely mitigate and remove the threat of Hanford's tank waste.

. Safely store tank waste until it is retrieved for treatment

. Safely and effectively immobilize tank waste
" Close tank farms and mitigate the impacts from past releases of tank waste to the ground

Goal 6: Safely manage and transfer legacy materials scheduled for offsite disposition including special nuclear
material (e.g., plutonium), spent nuclear fuel, transuranic waste, and immobilized high-level waste.

Goal 7: Consolidate waste treatment, storage, and disposal operations on the Central Plateau.

Goal 8: Develop and implement institutional controls and long-term stewardship activities that protect human
health; the environment; and Hanford's unique cultural, historical, and ecological resources after cleanup
activities are completed.

2

3 The Central Plateau encompasses the 200 Area NPL (40 CFR 300, Appendix B) site and includes two
4 principal areas, as shown in Figure 1-1:

5 * Inner Area: Defined as the final footprint area of the Hanford Site, the Inner Area is required for
6 permanent waste management and control of residual contamination. The boundary of the Inner Area
7 is defined by waste disposal decisions already in place and the anticipated future decisions that will
8 result in the requirement for continued waste management and control of residual contamination.
9 The Inner Area is approximately 26 km2 (10 mi 2) in size and will remain under federal ownership and

10 control in perpetuity.

11 Outer Area: The Outer Area is that portion of the Central Plateau beyond the boundary of the
12 Inner Area. Contaminated soil and debris removed as part of Outer Area cleanup will be placed
13 within the Inner Area for final disposal. Completion of cleanup for the approximately 170 km2

14 (65 mi2) Outer Area will shrink the active footprint of cleanup for the Central Plateau to the
15 Inner Area.

16 The 200-SW-2 OU is located within the Inner Area.

17 1.3.2 Central Plateau Inner Area Cleanup Principles
18 In 2013 and 2014, the Tri-Parties undertook an initiative to develop a set of cleanup principles for the
19 Inner Area of the Central Plateau. The outcome of this initiative is the establishment of an overarching
20 and consistent set of cleanup principles that the Tri-Parties have agreed are the foundation for evaluating
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1 waste sites and making cleanup decisions in each of the OUs within the Inner Area pursuant to the TPA
2 (Ecology et al., 1989a).

3 The overarching goals of the principles are to (1) provide a consistent approach for assessment of risks to
4 human health and the environment and evaluation of remedial alternatives within the Inner Area; and
5 (2) identify and implement regulatory strategies that will optimize assessment resources, streamline
6 documentation requirements, and promote consistency in decisions.

7 The substantive components of these principles related to land use, baseline risk assessment (BRA),
8 cleanup levels, points of compliance (POCs), and regulatory strategies are defined below. The principles,
9 as they apply to the 200-SW-2 OU, are reflected in the appropriate sections of this WP.

10 1.3.2.1 Land Use
11 e Inner Area land use is industrial.

12 e The agencies are in agreement that the current 26 km2 (10 mi2 ) Inner Area footprint will not be
13 reduced further.

14 1.3.2.2 Baseline Risk Assessment

15 e BRAs will use the default EPA industrial scenario (multiple pathway) to determine need for action at
16 cumulative cancer risk level of 1 in 10,000 and 1 in 100,000 and a hazard index of 1 for
17 noncarcinogenic effects.

18 e State requirement for cumulative cancer risks under the "Model Toxic Controls Act - Cleanup"
19 (MTCA) Method C (WAC 173-340) at 1 in 100,000 will be considered because of future CA
20 requirements.

21 e Once a basis for action is determined, cleanup standards for chemicals will be based on MTCA
22 Method C industrial cleanup levels for direct contact.

23 e The only institutional control is industrial land use.

24 e BRAs will not include residential or tribal scenarios.

25 e BRAs will be done on an OU-by-OU basis (each WP).

26 e DOE will develop RI/FS WP sections that describe the principles and specific parameters on BRAs
27 that will serve as guiding principles for all WPs.

28 1.3.2.3 Cleanup Levels

29 e Preliminary remediation goals (PRGs) for human health direct contact with radionuclides will be
30 risk based.

31 e PRGs for chemicals will be based on MTCA Method C (direct contact).

32 e Approach to ecological cleanup will be the same as for River Corridor, as applied for the
33 100-D/H Area RIIFS (DOE/RL-2010-95, Remedial Investigation/Feasibility Studyfor the 100-DR-1,
34 100-DR-2, 100-HR-1, 100-HR-2, and I00-HR-3 Operable Unit).

35 e Groundwater protection modeling will be based on natural recharge and will not consider irrigation.

36 e Groundwater protection modeling and PRG development will be based on the process defined in the
37 Graded Approach Document (DOE/RL-2011-50, Regulatory Basis and Implementation of a Graded
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1 Approach to Evaluation of Groundwater Protection). DOE will identify specific parameters in the
2 Technical Guidance Document for the Tank Closure & Waste Management Environmental Impact
3 Statement (DOE/EIS-0391) that will be applied or make adjustments where appropriate.

4 e Groundwater protection PRGs will be developed, discussed, and approved through a single process to
5 develop PRGs applicable to each of the five unique areas of the Central Plateau.

6 e FSs will present an evaluation of groundwater protection at the standard POC immediately beneath
7 each waste site or facility under consideration. DOE may also choose to perform an analysis in the
8 first Inner Area FS to evaluate a conditional POC at the boundary of the Inner Area for groundwater
9 protection. The resulting decision will serve as the basis for the justification for the remainder of the

10 OUs in the Inner Area.

11 - The basis for the decision will be developed in the first FS, but all OUs will need to justify the
12 decision. The subsequent OU discussions will reference the first and include an overview of
13 similarities and differences between the first and subsequent OUs to ensure the approach is
14 justified.

15 1.3.2.4 Human Health and Ecological Depth Point of Compliance

16 * FSs will present an alternative that will evaluate compliance with human health (direct contact) and
17 ecological PRGs at the standard POC of 4.6 m (15 ft). DOE may also choose to perform an analysis
18 in the first Inner Area FS to evaluate a conditional POC at 3 m (10 ft) below ground surface (bgs) for
19 direct contact and ecological protection. The resulting decision will serve as the basis for the
20 justification for the remainder of the OUs in the Inner Area.

21 - The basis for the decision will be developed in the first FS, but all OUs will need to justify the
22 decision. The subsequent OU discussions will reference the first evaluation and include an
23 overview of similarities and differences between the first and subsequent OUs to ensure the
24 approach is justified.

25 * Unlike in the River Corridor, engineered structures and/or mass of contamination will not be removed
26 unless it is a risk management decision.

27 1.3.2.5 Regulatory Strategies

28 e Similar site approaches can be used with proper analysis and use of available information, data, and
29 process knowledge.

30 e Characterization strategies will consider multiple remedial technologies, risk reduction, regulatory
31 requirements, and cost avoidance. The observational approach can also be a valid strategy where
32 removal, treatment, and disposal (RTD) is appropriate.

33 e The regulatory agencies are willing to consider a plug-in approach. They generally believe that it
34 applies primarily to RTD sites, but could be applied to other potential remedies if justified.

35 e Post-ROD characterization, as well as limited pre-ROD characterization, is a valid approach but may
36 result in interim action RODs.

37 1.4 Integration with Other Activities

38 To facilitate consistent remedial decisions across the Central Plateau Inner Area, the Tri-Parties modified
39 the TPA (Ecology et al., 1989a) in 2010 to restructure Central Plateau remediation activities.
40 Restructuring included consolidating some of the Inner Area waste sites into geographical area-based
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1 OUs, resulting in the creation of the 200-EA-1 OU and the 200-WA-I OU. An additional OU, 200-DV-1,
2 was created to include waste sites in the Inner Area with deep vadose zone (DVZ) contamination. On the
3 Central Plateau, the DVZ is defined as the region below the practical depth of surface remedy influence
4 (e.g., shallow excavation or barriers) and above the regional aquifer. The Tri-Parties created the
5 200-DV-1 OU to support investigation and remedy selection for this challenging type of DVZ waste site.

6 Figure 1-5 illustrates the CERCLA OUs that are currently assigned in the Central Plateau Inner Area.
7 The existing groundwater OUs in the Central Plateau remained unchanged.

8 This RFI/CMS/RI/FS WP and subsequent decision documents must be closely integrated with the overall
9 Hanford Site closure strategy. Integration with other regulatory programs and other OUs in the Inner Area

10 is discussed in the following subsections. Specific ongoing sampling, analysis, and RA activities that are
11 critical to the 200-SW-2 OU decision process are provided.

12 1.4.1 RCRA/CERCLA Integration
13 Seven of the 200-SW-2 OU landfills are RCRA TSD units and 17 are past-practice waste sites. Closure of
14 the TSD units will be coordinated with the 200-SW-2 OU RFI/CMS/RI/FS decision process.

15 1.4.2 Tank Farm Waste Management Areas
16 The single-shell tanks (SSTs) are grouped into waste management areas (WMAs), which will be closed
17 following a defined closure process. Each WMA contains part of the SST RCRA TSD unit that includes
18 tanks and ancillary equipment. Closure of the tanks and tank farms was evaluated in DOE/EIS-0391, with
19 a ROD issued in December 2013 (78 FR 240). The WMAs are not included in the 200-SW-2 OU.

20 RA alternatives developed in the 200-SW-2 OU FS/CMS report for waste sites adjacent to tank farm
21 WMAs will take into consideration the proximity of the TSD units. The detailed evaluation of alternatives
22 performed in the 200-SW-2 OU FS/CMS report will determine whether a closure action planned for the
23 nearby TSD unit would also be an appropriate remedy for the waste sites.

24 1.4.3 Central Plateau Source Operable Units
25 The current OUs in the Central Plateau Inner Area contain waste sites that received liquid wastes
26 (200-EA-I OU; 200-WA-I OU and 200-BC-I OU; 200-PW-I OU, 200-PW-3 OU, 200-PW-6 OU,
27 200-CW-5 OU; and 200-DV-I OU); waste sites that received solid wastes (200-SW-2 OU); and waste
28 sites associated with inactive waste-transfer pipelines (200-IS-I OU). The Inner Area also contains OUs
29 for former processing plants (canyons) and associated waste sites. The OUs are depicted in Figure 1-5.

30 In 1989, waste sites on the Central Plateau initially were grouped into 42 OUs (32 source OUs, 6 tank
31 farm OUs, and 4 groundwater OUs) that were primarily geographically based (DOE/RL-96-67, 200 Areas
32 Soil Remediation Strategy - Environmental Restoration Program).

33 The Tri-Parties conducted a supplemental data quality objective (DQO) evaluation in 2005 and 2006 to
34 review all of the process and characterization data available for the Central Plateau waste sites and to
35 identify residual data needs. The elements of the DQO were integrated into the supplemental WP issued
36 in 2007 (DOE/RL-2007-02, Supplemental Remedial Investigation/Feasibility Study Work Plan for the
37 200 Areas Central Plateau Operable Units Volume I: Work Plan and Appendices). The supplemental WP
38 included a sampling and analysis plan (SAP) for the collection of additional data at those waste sites for
39 which existing data were determined to be insufficient for decision making. The 200-SW-2 OU landfills
40 were not included in this supplemental WP.

41 The OUs that contain structures or waste sites that are in close physical proximity to 200-SW-2 OU
42 landfills are described below.
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1 1.4.4 200-PW-1, 200-PW-3, 200-PW-6, and 200-CW-5 Operable Units
2 The plutonium- and organic-rich group process-based OUs include the 200-PW-1, 200-PW-3, 200-PW-6,
3 and 200-CW-5 OUs. The 200-PW-1, 200-PW-6, and 200-CW-5 OUs are in the western portion of the
4 Inner Area, and the 200-PW-3 OU waste sites are in the eastern portion of the Inner Area. The
5 remedies for these OUs will be applied outside of the landfill locations, so no activities critical to the
6 200-SW-2 OU decision process are expected.

7 1.4.5 200-IS-1 Operable Unit Pipelines
8 Part of the coordination of activities across OU waste sites is to understand and define specific interface
9 conflict points. Interface conflict points are defined as the boundary location(s) where a waste site in one

10 OU physically exists within the geographic boundary of another OU waste site or tank farm WMA.
II Boundary interface points are predominantly associated with pipeline waste sites in the 200-IS-I OU that
12 extend into or are adjacent to soil waste sites, canyons, and WMAs. A few boundary interface points exist
13 between soil waste sites, canyons, and WMAs.

14 Pipeline boundary interface points are associated with the following:

15 e 200-PW-1, 200-PW-3, 200-PW-6/200-CW-5 OUs (as defined in the ROD)

16 e 200-DV-1, 200-WA-1, 200-BC-1, and 200-EA-1 OUs

17 e All canyons

18 e All WMAs

19 There is a pipeline interface point between 200-SW-2 OU landfills and the pipelines that fed the T Ponds.
20 See Section 2.3.1.4.2.

21 1.4.6 200-EA-1 and 200-WA-1/200-BC-1 Operable Units
22 The types of waste sites in the 200-EA-I and 200-WA-1/200-BC-I OUs are diverse but correspond to one
23 of the following general categories: cribs, trenches, reverse wells, french drains, basins, ponds and
24 ditches, vaults, underground storage tanks, septic systems, UPRs, solid waste sites, or process sewers.
25 Detailed descriptions of these waste sites are provided in DOE/RL-88-30, Hanford Site Waste
26 Management Units Report. Some of these sites have contamination adjacent to landfill locations.
27 Therefore, activities critical to the 200-SW-2 OU decision process could occur and RAs will be
28 coordinated with these OUs.

29 1.4.7 Canyons
30 The U Plant, Reduction-Oxidation (REDOX) Plant (S Plant), T Plant, B Plant, and Plutonium-Uranium
31 Extraction (PUREX) Plant canyons are located in the Inner Area. The canyons will be closed under their
32 own specific decision documents and the appropriate RCRA closure documents. However, the remedies
33 for these facilities will be applied outside of the landfill locations, so no activities critical to the
34 200-SW-2 OU decision process are expected.

35 1.4.8 Deep Vadose Zone Operable Unit
36 The RA alternatives for 200-DV-1 OU waste sites adjacent to the 200-SW-2 landfills will take into
37 consideration their proximities to the landfills. However, the remedies for 200-DV-I OU waste sites will
38 be applied outside of the landfill locations, so no activities critical to the 200-SW-2 decision process are
39 expected.
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1 1.4.9 Groundwater Operable Units
2 The 200-SW-2 OU waste sites are underlain by the 200-ZP-1, 200-UP-1, 200-PO-1, and 200-BP-5
3 groundwater OUs. A groundwater pump-and-treat (P&T) remediation system was constructed to address
4 contaminated groundwater present in the 200-ZP-I and 200-UP-I Groundwater OUs. The ROD for the
5 200-ZP-1 OU was issued in 2008 (EPA et al., 2008, Record ofDecision Hanford 200 Area 200-ZP-1
6 Superfund Site Benton County, Washington). The interim ROD for the 200-UP-I OU was issued in 2012
7 (EPA et al., 2012, Record ofDecision for Interim Remedial Action Hanford 200 Area Superfund Site
8 200-UP-i Operable Unit). Separate RI reports for the 200-BP-5 OU and the 200-PO-I OU are in
9 preparation. A combined FS/PP is being prepared for the 200-BP-5 and 200-PO-I OUs. Draft A is to be

10 completed by September 2016. The remedies for these groundwater OUs will be coordinated with the
II 200-SW-2 OU decision process. This coordination would be applicable to locations of extraction or
12 injections wells within close proximity of the landfills.

13
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1 2 Background
2 This chapter summarizes the background information and environmental setting for the 200-SW-2 OU
3 investigation areas. It also provides a summary of the landfill operational history, processes, activities,
4 waste streams, and contaminant sources.

5 The landfills were pre-planned, designed, constructed, and operated with the intention of long-term,
6 permanent disposal of solid waste. The 200-SW-2 OU solid waste disposal areas have been referred to by
7 a variety of names, but this work plan uses the term "landfill" to refer to the locations that have the
8 "218" prefix in their Waste Information Data System (WIDS) waste site code. This term is in agreement
9 with the state of Washington's definition of a landfill under WAC 173-303-040:

10 "... a disposal facility, or part of a facility, where dangerous waste is placed in or on land

11 and which is not a pile, a land treatment facility, a surface impoundment, or an

12 underground injection well, a salt dome formation, a salt bed formation, an underground

13 mine, a cave, or a corrective action management unit."

14 Several liquid disposal waste sites (with "216" prefixes in the WIDS waste site code) and one
15 miscellaneous site (a former burn pit) are also part of the 200-SW-2 OU.

16 2.1 Hanford Site Solid Waste Disposal Operations

17 Landfills were used at the Hanford Site beginning in 1944 and generally consisted of one or more types of
18 trenches and/or caissons. Caissons are solid waste disposal structures that were built into two landfills
19 (218-W-4A and 218-W-4B) that began operations in the 1960s. Hanford Site production processes and
20 support activities used and disposed of a variety of chemical and/or radioactively contaminated wastes.
21 The chronological evolution of Central Plateau waste disposal practices is as follows:

22 e From 1944 to August 19, 1987 (i.e., the effective date of RCRA waste regulation at the Hanford Site),
23 it was a common practice for solid LLW and waste containing components that would currently be
24 regulated under WAC 173-303 to be disposed in trenches in the Inner Area landfills.

25 e From 1970 to 1988, TRU wastes were stored in retrievable storage units. In 1988, wastes were sent
26 directly to the Waste Receiving and Processing Facility to be repackaged for shipment and disposal at
27 the Waste Isolation Pilot Plant.

28 e Beginning in the mid-1990s, disposal of MLLW took place in lined trenches 31 and 34 of the
29 218-W-5 low-level burial ground in the western Inner Area, while LLW (no RCRA component)
30 continued to be disposed in landfills that are TSD units. These landfills are 218-E-10, 218-E-12B,
31 218-W-3A, 218-W-3AE, 218-W-4C, and the remaining trenches of 218-W-5.

32 e Today, the 200-SW-2 OU solid waste landfills no longer receive waste with the exception of two
33 trenches in 218-W-5 in the western Inner Area and one trench in 218-E-12B in the eastern Inner Area.
34 The remaining landfills in the OU are classified as "inactive" in the WIDS database.

35 The 200-SW-2 OU is composed of 24 landfills and includes about 20 caissons that are located below
36 grade in the 218-W-4A and 218-W-4B Landfills. This OU also includes 11 UPRs that have been
37 consolidated with the landfills where they occurred, and six co-located waste sites. Appendix C provides
38 a summary of the trenches, containment barriers, and caissons used in the landfills. No facilities or
39 aboveground structures are present in the 200-SW-2 OU, nor are any included or proposed for inclusion
40 in Appendix C of the TPA Action Plan (Ecology et al., 1989b).
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1 2.2 Landfill Types

2 To aid in the organization of this work plan, landfills and the structures (caissons) they contain are
3 divided into six landfill types in Table 2-1, based on the materials they received and their age. Table 2-2
4 presents historical and other names associated with each of the landfills. Figures 2-1 and 2-2 present the
5 landfill locations in the western and eastern portions of the Inner Area, respectively. Figure 2-3 presents a
6 timeline of landfill operations and key milestones. Detailed descriptions of the landfills are presented in
7 Section 2.3.

8 * Dry Waste Landfills. These are past-practice landfills that received radioactive waste packaged
9 primarily in fiberboard or small wooden boxes, wrapped in heavy brown paper or burlap, or placed in

10 the trench without packaging. Small-sized miscellaneous wastes, ranging from contaminated soils and
11 potentially contaminated rags, paper, and wood, have been placed in these landfills. This landfill type
12 includes the 218-E-I and 218-E-12A Landfills.

13 * Dry Waste Alpha Landfills. These past-practice landfills contain waste that is highly contaminated
14 with alpha-emitting radionuclides, mainly plutonium and uranium. A variety of miscellaneous wastes,
15 including contaminated soils and potentially contaminated rags, paper, wood, and small pieces of
16 equipment such as tools, has been placed in these sites. A small proportion of the waste is packaged
17 in metal drums. Some larger equipment (e.g., motor vehicles, large canyon processing equipment) is
18 known to have been disposed to these sites. This landfill type includes the 218-W- 1, 218-W-2,
19 218-W-3, and 218-W-4A Landfills.

20 * Industrial Landfills. These past-practice landfills received radioactive waste that usually was
21 packaged in large wooden or concrete boxes containing large pieces of failed or obsolete equipment.
22 Some equipment was shrouded in plastic or placed directly in the ground after partial
23 decontamination in the facility from which it came; mainly 200 Area chemical processing facilities,
24 although some items came from the 100 Area. Landfills of this type include the 218-W-2A,
25 218-E-5A, 218-E-2, 218-E-2A, 218-E-5, 218-E-9, 218-W-1A, and 218-W-1 1 Landfills.

26 e Construction Landfills. These are past-practice landfills mainly limited to disposal of low-activity
27 wastes resulting from construction/demolition work on existing facilities. Landfills of this type
28 include the 218-C-9, 218-E-8, and 218-E-4 Landfills.

29 e Caissons or Vertical Pipe Units. These are engineered structures built directly into a trench within a
30 landfill. They were used for disposal of hot cell waste or high-dose-rate waste, and are located within
31 the 218-W-4A and 218-W-4B Landfills. The caissons in the 218-W-4A Landfill, also called vertical
32 pipe units, were made of 208 L (55 gal) drums welded end to end, or pipes about 1 meter in diameter
33 (WHC-EP-0912, The History of the 200 Area Burial Ground Facilities; Hanford Site Drawing
34 H-2-33692, Dry Waste Disposal Caisson in 218- W4 Site). The caissons in the 218-W-4B Landfill
35 were larger and made of corrugated metal and concrete (WHC-EP-0912). These structures do not
36 constitute an entire landfill, but are called a landfill type in the context of this work plan for ease of
37 discussion.

38 * TSD Unit Landfills. These are RCRA TSD units that contain waste forms similar to those in
39 past-practice landfills such as dry waste packaged in small fiberboard cartons, directly disposed dirt
40 and weeds, large concrete and wooden boxes containing used equipment, and construction debris.
41 This landfill type includes the 218-E-10, 218-E-12B, 218-W-3A, 218-W-3AE, 218-W-4B,
42 218-W-4C, and 218-W-5 Landfills.
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Table 2-1. Summary of 200-SW-2 OU Landfill Types

Landfill Type
(amount) Site Code General Features

218-E-10

218-E-12B - Potential for areas of subsidence

218-W-3A - High dose rates
TSD nit(7) 218-W-3AE - Potential for small volumes of sorbed, containerized liquids

218-W-4B - Some contain retrievably-stored TRU waste (M-091 Project)

218-W-4C - Burial records more numerous, better quality than for other landfill types

218-W-5

218-E-2

218-E-2A
- Potential for subsidence

218-E-5

Industrial 218-E-5A - High dose rates
Landfills (8) 218-E-9 _ High internal void volume

218-W-1A - Disposal of failed/obsolete equipment

218-W-2A Waste typically contained in large wooden or concrete boxes

218-W-11

218-W-1 - Low potential for subsidence
Dry Waste 218-W-2 - Contain approximately 90% of the alpha-contaminated low-level waste
Alpha
Landfills (4) 218-W-3 - Waste direct-dumped scrap or packaged in fiberboard cartons/boxes/drums

218-W-4A - Some waste in 218-W-3 and 218-W-4A is industrial, such as large equipment

- Low potential for subsidence

- Medium dose rate (up to 2,000 mR/hr)

Dry Waste 218-E-1 - Primarily beta-gamma-contaminated waste
Landfills (2) 218-E-12A - Waste primarily packaged in fiberboard cartons, boxes, or drums

- Surface stabilized with fly ash (218-E-1) or plastic barriers/gravel
(218-E-12A)

218-C-9 - Low potential for areas of subsidence
Construction 218-E-4 - Low-activity waste (<100 mR/hr)
Landfills (3)

218-E-8 - Primarily construction/demolition debris and concrete rubble

- Some high-dose-rate waste

- Some remote-handled waste in small containers, 3.8 to 18.9 L (1 to 5 gal) cans

218-W-4A Some high beta-gamma radiation

Caissons (-20) 218-W-4 - Potential for small volumes of sorbed organics (lab packs)

- 6 to 8 caissons/vertical pipe units in 218-W-4A (up to 4 potentially unused)

- 5 alpha caissons (M-091 Program; out of 200-SW-2 scope; 1 may be unused)

- 7 dry-waste caissons in 218-W-4B (2 with <10 packages of waste each)

TSD = treatment, storage, and/or disposal

TRU = radioactive waste as defined in DOE G 435.1, Implementation Guidefi1r Use with DOE M 435.1-1
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Table 2-2. Site Code and Alias (Other) Names Given to 200-SW-2 OU Landfills
Site Code Alias (Other) Site Names/Codes Landfill Type

218-C-9 218-C-9, Dry Waste No. 0C9, 218-C-9 Burial Ground Construction Landfills

218-E-1 218-E-1, 200 East Dry Waste No. 001 Dry Waste Landfills

218-E-10 218-E-10, 200 East Industrial Waste No. 10, Equipment TSD Unit Landfills
Burial Ground #10

218-E-12A 218-E-12A, 200 East Dry Waste No. 12A Dry Waste Landfills

218-E-12B 218-E-12B, 200 East Dry Waste No. 12B TSD Unit Landfills

218-E-2 218-E-2, 200 East Industrial Waste No. 002, Equipment Industrial Landfills
Burial Ground #2

218-E-2A 218-E-2A, Regulated Equipment Storage Site No. 02A, Industrial Landfills
Burial Trench

218-E-4 218-E-4, 200 East Minor Construction No. 4, Equipment Construction Landfills
Burial Ground #4

218-E-5 218-E-5, 200 East Industrial Waste No. 05, Equipment Industrial Landfills
Burial Ground #5

218-E-5A 218-E-5A, 200 East Industrial Waste No. 005A, Equipment Industrial Landfills
Burial Ground #5A

218-E-8 218-E-8, 200 East Construction Burial Grounds Construction Landfills

218-E-9 218-E-9, 200 East Regulated Equipment Storage Site Industrial Landfills
No. 009, Burial Vault (Hanford Inactive Site Survey [HISS])

218-W-1 218-W-1, 200-W Area Dry Waste No. 001, Solid Waste Dry Waste Alpha Landfills
Burial Ground #1

218-W-11 218-W-11, Regulated Storage Site Industrial Landfills

218-W-1A 218-W-1A, 200-W Area Industrial Waste Burial Ground #1, Industrial LandfillsEquipment Burial Ground #1

218-W-2 218-W-2, 200-W Area Dry Waste No. 002, Dry Waste Dry Waste Alpha Landfills
Burial Ground No. 2

218-W-2A 218-W-2A, Industrial Waste No. 02A, Equipment Burial Industrial Landfills
Ground #2

218-W-3 218-W-3, Dry Waste No. 003 Dry Waste Alpha Landfills

218-W-3A 218-W-3A, Dry Waste No. 003A TSD Unit Landfills

218-W-3AE 218-W-3AE, Industrial Waste No. 3AE, Dry Waste TSD Unit Landfills
No. 3AE

218-W-4A, Dry Waste No. 04A Dry Waste Alpha Landfills
218-W-4A (includes Caissons: 218-W-4A-C1, 218-W-4A-C2, 218-W-4A-C3,

caissons) 218-W-4A-C4, and 218-W-4A-C5, 218-W-4A-C6, Caissons
218-W-4A-C7, 218-W-4A-C8

218-W-4B, Dry Waste No. 04B TSD Unit Landfills

218-W-4B (includes Caissons: 218-W-4B-CA1, 218-W-4B-CA2, 218-W-4B-

caissons) CA3, 218-W-4B-CA4, 218-W-4B-CA5, 218-W-4B-C1, Caissons
218-W-4B-C2, 218-W-4B-C3, 218-W-4B-C4,
218-W-4B-C5, 218-W-4B-C6 and 218-W-4B-CU1

218-W-4C 218-W-4C, Dry Waste No. 004C TSD Unit Landfills

218-W-5 218-W-5, Dry Waste Burial Ground, Low-Level TSD Unit Landfills
Radioactive Mixed Waste Burial Grounds

TSD = treatment, storage, and/or disposal
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1 2.3 Landfill Descriptions

2 This section presents detailed descriptions of the landfills in the 200-SW-2 OU. A list of all WIDS sites
3 physically located in the 200-SW-2 OU geographic boundary and site-specific information are included in
4 Appendix B; CSM and data summaries for each of the landfills are provided in Appendix D. This section
5 consists of Subsections 2.3.1 (which describes the TSD unit landfills) and 2.3.2 (which describes the
6 past-practice landfills).

7 2.3.1 200-SW-2 Operable Unit Treatment, Storage, and/or Disposal Unit Landfills
8 The TSD units consist of seven landfills: five are in the western Inner Area, and two are in the eastern
9 Inner Area, as depicted in Figures 2-1 and 2-2, respectively. These landfills also contain MLLW disposed

10 to unlined trenches after August 19, 1987, also known as the "Green Island" waste. A detailed report on
11 Green Island waste is presented in Appendix F 5.1.

12 2.3.1.1 218-E-10 Landfill (Eastern Inner Area)
13 The 218-E-10 Landfill covers about 23 ha (57 ac) and contains remote-handled and contact-handled USG
14 and LLW. These dimensions include an area referred to in WIDS and historical literature as an "unused
15 annex" that was originally intended for expansion of the landfill. It was eventually decided that the annex
16 was not needed for burial of waste and never was used for that purpose. The 218-E-10 Landfill is located
17 about 610 m (2,000 ft) northwest of B Plant and directly west of the 218-E-5A Landfill. It received waste
18 mostly from the PUREX Plant, B Plant, T Plant, offsite (mainly Formerly Utilized Sites Remedial Action
19 Program [FUSRAP] waste), and the 100 Area (mainly 105-N Reactor waste).

20 The 218-E-10 Landfill consists of 13 trenches running north-south, and one trench running east-west.
21 Trench 1 is 7.3 m (24 ft) deep with surface dimensions of 430 m (1,420 ft) long by 18 m (60 ft) wide.
22 Trenches 2 through 9, 11, 12, 14, and 16 are 4.6 m (15 ft) deep, 18 m (60 ft) wide at the surface, and vary
23 in length from 264 to 433 m (865 to 1,420 ft). The trench running east-west has surface dimensions of
24 165 m (540 ft) long by 17 m (55 ft) wide (WIDS). Most of the waste buried before 1990 is in concrete
25 boxes, while waste buried later is typically soil and construction debris dumped from trucks (Solid Waste
26 Information Tracking System [SWITS]). There is no retrievably stored waste (RSW) in this landfill.

27 Waste forms include failed equipment and mixed industrial wastes (e.g., concrete canyon cover blocks,
28 centrifuge blocks, tubing bundles, jumper vessels, pumps, columns, filters). The trenches contain LLW,
29 MLLW, and unsegregated remote-handled waste. Trench 9 currently is identified as containing some
30 MLLW disposed after the effective date of mixed waste regulation.

31 2.3.1.2 218-E-12B Landfill (Eastern Inner Area)
32 The in-scope area of the 218-E-12B Landfill covers about 23 ha (57 ac) and contains USG and LLW, and
33 portions of two trenches contain RSW. This landfill is located about 305 m (1,000 ft) north of the C Tank
34 Farm. The 218-E-12B Landfill, not including Trench 94, received solid USG and LLW generated mostly
35 from facilities located in the eastern Inner Area. These include tank farms; B Plant; PUREX general trash,
36 failed equipment, vent risers, and filter boxes; liquid-level risers from the 216-B-14 Crib; and
37 strontium-90-contaminated soil dredged from the 216-B-63 Ditch after UPR-200-E-138 occurred
38 (DOE/RL-92-05, B Plant Source Aggregate Area Management Study Report). Most of the in-scope waste
39 in this site was dumped from trucks or buried in cardboard cartons (SWITS).

40 The original landfill was designed to have 29 trenches. An expansion to the north and west enlarged this
41 landfill to include the potential for many additional (138) trenches oriented north-south. However, only
42 39 total trenches were filled, leaving more than two-thirds of the designated landfill area unused.
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1 The RSW was partially removed from Trench 17 and fully removed from Trench 27 under
2 TPA Milestone M-091-40 (Ecology et al., 1989a).

3 The southeastern portion of this landfill (Trenches 1 through 17) was interim-stabilized in 1981 with 46 to
4 61 cm (18 to 24 in.) of uncontaminated soil (additional top cover over previous backfill).

5 In 1986, water inflow was observed in unfilled Trench 36. The source of water was seepage from the
6 nearby 216-B-2-3 Ditch flowing about 61 m (200 ft) south of the landfill. The 216-B-2-3 Ditch conveyed
7 water roughly 1,219 m (4,000 ft) from the 207-B Retention Basins to a diversion structure capable of
8 routing the water to either B Pond or Gable Mountain Pond at the time. An investigation into the incident
9 was conducted and documented in 1986 (SD-WM-TI-260, Water Inflow Investigation at the

10 218-E-12A and 218-E-12B Burial Grounds). Interim actions were taken to remove vegetation and debris
11 restricting flow in the ditch, and bentonite clay was added to minimize seepage of water from the ditch.
12 The ditch eventually was replaced with a pipeline and is out of service.

13 2.3.1.3 218-W-3A Landfill (Western Inner Area)
14 The 218-W-3A Landfill was placed in service in 1970 with a reported end date of 1998. It covers about
15 21 ha (52 ac) and contains USG, LLW, MLLW, TRU, and TRUM (SWITS). This landfill is west of the
16 221-T Building and immediately north of the 218-W-3 Landfill. The 218-W-3A Landfill is known to
17 include sorbed containerized organic liquid. The landfill consists of 57 used trenches of varying sizes.

18 Portions of 14 trenches contain, or once contained, post-1970 RSW, which is out of the scope of this work
19 plan. The RSW was partially removed under TPA Milestone M-91-40/41 (Ecology et al., 1989a).

20 Most of the waste in this unit is from the 100 Area (21 percent by volume), various facilities in the
21 western Inner Area (34 percent), the 300 Area (23 percent), and the tank farms (14 percent). Less than
22 3 percent by volume is from offsite facilities, and the remaining 5 percent is from Hanford Site facilities
23 in the eastern Inner Area and other miscellaneous site locations.

24 The 218-W-3A Landfill was covered with standing water that was almost continuous from the dirt road
25 on the east side to the asphalt road on the west side (WHC-EP-0912) in the winter of 1979-1980. Several
26 inches of snow had fallen on top of frozen ground followed by a quick warming and rapid snowmelt,
27 leaving standing water for some time. Groundwater monitoring data were reviewed and indicated no
28 detectable increases in monitored radioactive constituents.

29 2.3.1.4 218-W-3AE Landfill (Western Inner Area)
30 The 218-W-3AE Landfill covers about 20 ha (49 ac). The landfill contains MLLW and LLW, including
31 large equipment. The 218-W-3AE Landfill is located directly east of and adjacent to the
32 218-W-3A Landfill in the western Inner Area. The location designated as the 218-W-3AE Landfill
33 includes an area that previously had been used as a portion of the 216-T-4B Seepage Ponds for T Plant
34 condensate effluent. The pond area (about 0.6 ha [1.5 ac] in size) often was dry, because the majority of
35 the effluent infiltrated the ground within the 216-T-4-2D Ditch (see Section 2.3.1.4.2).

36 The irregularly shaped landfill consists of eight trenches of varying sizes. Trench depth varied from 4.9 to
37 6.1 m (16 to 20 ft), and the length of the trenches varied from 29 to 436 m (95 to 1,430 ft). Trenches 5 and
38 8 are wide-bottom, stacking trenches and contain large equipment, such as portions of rail cars. Trench 26
39 was also dug with a wide bottom to dispose of large tanks. The landfill received miscellaneous wastes,
40 such as rags, paper, rubber gloves, disposable supplies, and broken tools. The landfill also received
41 industrial waste, such as failed equipment, tanks, pumps, ovens, agitators, heaters, hoods, jumpers, and
42 accessories. All eight trenches received remote-handled LLW.
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1 The waste is mainly from the 100 Area (23 percent by volume), the eastern and western portions of the
2 Inner Area (13 percent), 300 Area (16 percent), and other miscellaneous Hanford Site areas and facilities
3 such as the tank farms and the 1100 Area (22 percent). The remaining 26 percent is from offsite
4 generators, the major contributors being Energy Systems Group, Argonne National Laboratory, Fermi
5 National Accelerator Laboratory, and Battelle Columbus.

6 Portions of Trenches 5 and 8 contain post-1987 MLLW regulated under RCRA, also known as Green
7 Island waste.

8 The T Ponds were used for disposal of liquid wastes. In later years, the 218-W-2A and
9 218-W-3AE Landfills were located within portions of the original footprint of the T Ponds. Four T Ponds

10 are included as part of the 200-SW-2 OU. The interface between the ditches that fed the T-Ponds and the
11 200-SW-2 OU is just east of the road that parallels the east side of 218-W-3AE.

12 A detailed summary of the T Ponds and Ditches, including a summary of data from groundwater wells
13 associated with these waste sites, is presented in Appendix I of this work plan. The following subsections
14 are brief descriptions of these liquid waste disposal sites.

15 2.3.1.4.1 216-T-4-1D Ditch and 216-T-4A Pond
16 The 216-T-4-1D Ditch is collocated with the 218-W-3AE Landfill. From 1944 to 1966 it received process
17 cooling water and steam condensate from T Plant. From 1951 to 1955 and 1965 to 1972 it received
18 condenser cooling water and steam condensate from the 242-T Evaporator at the T Tank Farm. From
19 1964 to 1970 it received decontamination waste from the 2706-T Building.

20 The ditch operated from November 1944 to May 1972 and received waste streams from the
21 207-T Retention Basin via Pipeline 200-W-164-PL and waste from Pipeline 200-W-163-PL, which
22 connected to Pipeline 200-W-164-PL.

23 The original bottom dimensions were 259 m (850 ft) by 2.4 m (8 ft). The ditch was replaced by the
24 216-T-4-2D Ditch in 1972. The first 15 m (50 ft) of the 216-T-4-1D Ditch was reused in the replacement
25 ditch construction. Both the original and replacement ditches were surface-stabilized in 1995.

26 The 216-T-4A Pond is collocated with the 218-W-3AE Landfill. It was a natural surface depression that
27 received discharge from the 216-T-4-1D Ditch. The dimensions of the pond were about 549 m (1,800 ft)
28 by 182 m (600 ft), essentially covering 6.5 ha (16 ac). The pond became active in 1944 and was exhumed
29 in 1972 to make room for the expansion of the 218-W-2A Landfill. In 1995, the pond was interim
30 stabilized with uncontaminated backfill and revegetated.

31 2.3.1.4.2 216-T-4-2D Ditch and 216-T-4B Pond
32 The 216-T-4-2D Ditch is collocated with the 218-W-3AE Landfill. From 1972 to 1995 it received
33 condenser cooling water and steam condensate from the 242-T Evaporator at the T Tank Farm. From
34 1972 to 1995 it received nonradioactive waste water from 221 -T air conditioning filter units and floor
35 drains. The ditch operated from 1972 to 1995 and received waste streams from the 207-T Retention Basin
36 via the 200-W-164-PL and waste from Pipeline 200-W-163-PL which connected to Pipeline
37 200-W-164-PL. It was dug as a replacement for the 216-T-4-1D Ditch. The first 15 m (50 ft) of the
38 original ditch (216-T-4-1D) was reused in the 216-T-4-2D Ditch construction. The ditch discharged to the
39 216-T-4B Pond. The original bottom dimensions were 533 m (1,750 ft) long by 2.4 m (8 ft) wide by
40 1.2 m (4 ft) deep. The ditch was backfilled and interim stabilized in July 1995 and permanently isolated
41 by filling the last pipeline manhole.
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1 The 216-T-4B Pond is collocated with the 218-W-3AE Landfill. The size of the pond is estimated at
2 6,100 m2 (1.5 ac). The pond was often dry, since the majority of the effluent was absorbed in the
3 216-T-4-2D Ditch. The pond was constructed in 1972 to replace the exhumed 216-T-4A Pond.
4 The 216-T-4B Pond was considered dry by 1977. However, the pond was not isolated from the ditch until
5 1995; therefore, a potential existed for effluent to reach the pond until that time.

6 2.3.1.5 218-W-4B Landfill (Western Inner Area)
7 The 218-W-4B Landfill covers about 3.5 ha (8.6 ac) and contains USG, LLW, and TRU waste, some of
8 which is contained in caissons (SWITS). A detailed discussion of caissons, their use, and photographs of
9 their construction and contents may be found in Appendix D.

10 The 218-W-4B Landfill is located in the central portion of the western Inner Area, about 150 m (500 ft)
11 northwest of the 234-5Z Building, directly west of the 231-Z Building. The landfill contains RSW that has
12 been partially retrieved under TPA Milestone M-91-40. This landfill does not contain MLLW or TRUM
13 that was disposed after the effective date of RCRA regulation at the Hanford Site (August 19, 1987).

14 The trenches are approximately 177 m (580 ft) long and 3.1 to 3.7 m (10 to 12 ft) deep (H-2-33055, Dry
15 Waste Burial Ground 218- W-4B).

16 The waste is mainly from the western Inner Area (53 percent by volume) and the 300 Area (35 percent).
17 The remaining 12 percent is from the 100 Area (3 percent), offsite generators (mainly national
18 laboratories in the DOE complex) (4 percent), and the tank farms (5 percent).

19 A 1980 document (RHO-65463-80-126, "Inconsistencies in 218-W-4B Site Data") indicates that the
20 218-W-4B Landfill is composed of 13 trenches and 1 row (Trench 14) of 12 caissons. Trench 6 contains
21 LLW only. Trenches 7 and 11 and four alpha caissons in Trench 14 contain post-1970 suspect TRU
22 waste. The RSW-TRU in Trench 11 has been partially retrieved under TPA Milestone M-91-40.

23 A small volume of liquid was disposed as tritium in metal cylinders or plutonium liquid. Trench 14
24 contains 11 caissons used for the disposal of 3.8 to 18.9 L (I to 5 gal) cans of remote-handled waste
25 (SWITS) and one empty alpha caisson. The caisson wastes were received from 200 Area facilities, the
26 300 Area, and the 100-N Area. The four filled alpha caissons containing post-1970 RSW are CAl, CA2,
27 CA3, and CA4.

28 A portion of the landfill was covered with standing water (WHC-EP-0912) in the winter of 1979-1980.
29 Several inches of snow had fallen on top of frozen ground followed by a quick warming and rapid
30 snowmelt, leaving standing water. Groundwater monitoring data were reviewed and indicated no
31 detectable increases in monitored radioactive constituents.

32 Trenches 1 through 6 were backfilled and surface stabilized with clean fill in 1983. The surface was
33 revegetated with grass. Trench 7 is covered with a 1.2 m (4 ft) soil mound. The remaining trenches were
34 backfilled after use and stabilized with clean gravel in 1995. Stabilization of surfaces with clean gravel
35 (rather than revegetation with grasses) has been shown to increase natural recharge to up to 80 percent of
36 the annual precipitation because of a lack of moisture removal by evaporation and plant transpiration.
37 Trenches stabilized with clean gravel would be a good location for initial investigations of subsurface
38 moisture distributions with direct-pushes.

39 2.3.1.6 218-W-4C Landfill (Western Inner Area)
40 The 218-W-4C Landfill covers approximately 15 ha (37 ac) and contains TRU (some combustible) and
41 test reactor fuel waste. The largest portion of the 218-W-4C Landfill is located west and southwest of the
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1 Plutonium Finishing Plant (PFP). A smaller unused section (218-W-4C Annex) is located directly south
2 of the plant, and north of 16 ' Street. The 218-W-4C Landfill contains low-level, TRU, and mixed waste.

3 The Z Plant burn pit is collocated with the 218-W-4C Landfill. This burn pit was exhumed during
4 construction of the 218-W-4C Landfill.

5 Trenches 1, 4, 7, 20, 29, and the east end of Trench 24 contain RSW. The RSW in the 218-W-4C Landfill
6 has been fully retrieved under TPA Milestone M-91-40. Trenches NC, 14, 19, 23, 28, 33, 48, 53, 58, and
7 the remainder of Trench 24 received LLW. In addition, some wastes in Trenches NC, 14, and 58 currently
8 are identified as containing post-1987 MLLW ("Green Islands").

9 The waste in the 218-W-4C Landfill (that is within the scope of this project) is mainly from the western
10 Inner Area (24 percent by volume), the 100 Area (12 percent), the 300 Area (9 percent), and offsite
11 generators (47 percent). The remaining 8 percent is from miscellaneous Hanford Site areas and the tank
12 farms. The eastern annex portion of this unit never received waste.

13 The northernmost trench (Trench NC) contains a number of core barrels originating from the
14 U.S. Department of the Navy. Trench 1 contains drums generated from mining the 216-Z-9 Crib and
15 about 500 cans of ash received in the early 1980s. The ash was generated by the 232-Z Waste Incinerator
16 Facility, which incinerated miscellaneous waste (e.g., rubber gloves, rags, paper, spent solvent, and
17 cutting oils).

18 During the latter part of calendar year 1979 and the early part of 1980, a heavy snowfall on frozen ground
19 and rapid melting caused ponding of water within lower areas in the 218-W-4C Landfill trenches.
20 Transuranic drums were observed floating in one trench that had not been backfilled. Workers retrieved
21 the drums undamaged (WHC-EP-0912; WHC-EP-0225, Contact-Handled Transuranic Waste
22 Characterization Based on Existing Records). No sampling to confirm that there was not a release was
23 done. As discussed in DOE/RL-92-03, Annual Report for RCRA Groundwater Monitoring Projects at
24 Hanford Site Facilitiesfor 1991, perched water was detected beneath the 218-W-4C Landfill in 1991.
25 Groundwater monitoring data were reviewed and indicated no detectable increases in monitored
26 radioactive constituents.

27 2.3.1.6.1 Z Plant Burn Pit
28 This burn pit was a disposal site for combustible nonradioactive construction, office, and nonhazardous
29 laboratory waste, including unnamed chemicals. The burn pit was exhumed during construction of the
30 218-W-4C Landfill. It was located near the west end of Trench 33. The burn pit was reported to have
31 received 2,000 m3 (2,600 yd3) of waste for burning, including less than 1,000 m3 (1,300 yd3 ) of laboratory
32 chemicals. The burn pit was 15 m (50 ft) long, 12 m (40 ft) wide, and 3 m (10 ft) deep. It was used from
33 1950 to 1960 (WIDS; BHI-00175).

34 2.3.1.7 218-W-5 Landfill (Western Inner Area)
35 The in-scope area of the 218-W-5 Landfill covers approximately 24 ha (59 ac). This landfill began
36 receiving waste in 1985 and stopped receiving waste in 2004. The landfill is at the southwest corner of the
37 intersection of 2 7 ' Street and Dayton Avenue. Original plans called for the area to contain 18 LLW
38 trenches and 4 MLLW trenches. The landfill was expanded to the west and north and was designed for
39 56 trenches, all oriented east-west. Of these, only 11 LLW trenches were constructed and received waste.

40 Trenches 31 and 34 are large rectangular excavations in the southwest corner of the 218-W-5 Landfill,
41 currently operated as disposal units for MLLW. They are out of the scope of this work plan and currently
42 in use. They are both RCRA TSD landfills. The trenches are constructed with polyethylene liners and
43 leachate collection systems.
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1 The trenches (other than the currently active MLLW trenches) range from 4.6 m (15 ft) to 12 m (40 ft)
2 wide at the bottom and from 5.2 to 6.1 m (17 to 20 ft) deep. The length of the trenches varies from 350 m
3 (1,160 ft) to 130 m (430 ft) long.

4 About 13 percent of the volume of in-scope waste disposed to the 218-W-5 Landfill was generated from
5 the 100 Area; 12 percent from the 300 Area, 28 percent offsite, 35 percent from the 200 Areas, 5 percent
6 from Battelle, and the remaining 7 percent from other miscellaneous Hanford Site areas. It is mainly
7 packaged in drums, other metal containers, and wooden boxes. It contains miscellaneous LLW such as
8 demolition and cleanup debris from various facilities; dirt; and building maintenance items (such as
9 filters).

10 A small portion of Trench 22 is currently identified as containing MLLW disposed after the effective date
11 of RCRA regulation at the Hanford Site (August 19, 1987).

12 2.3.2 200-SW-2 Operable Unit Past-Practice Landfills
13 Seventeen radioactive past-practice landfills are within the scope of this work plan. Seven are in the
14 western Inner Area and 10 are in the eastern Inner Area. The following subsections describe the
15 past-practice landfills.

16 2.3.2.1 218-C-9 Landfill (Eastern Inner Area)
17 The 1.8 ha (4.5 ac) 218-C-9 Landfill received liquid and solid waste. The reported dimensions have
18 varied widely from source to source over time. This landfill is located north of the C Plant/Hot
19 Semiworks Facility.

20 The entire 218-C-9 Landfill has been backfilled and surface stabilized with fly ash from the
21 284-E Powerhouse Ash Pit. While fly ash is an effective medium to control plant intrusion because of its
22 sterility, it was difficult to conduct geophysical surveys of the site in support of nonintrusive
23 investigations. A routine radiological survey is performed annually.

24 There are 724 burial records associated with the disposal and use of the 218-C-9 Landfill. This is believed
25 to encompass all of the burials that took place at the 218-C-9 Landfill. Each burial record, at a minimum,
26 contains the location (northing and easting), container weight, container volume, generating company,
27 source facility, total radionuclide activity, and a component description. Additional information, such as
28 more detailed descriptions of waste forms and specific radionuclide activities, may be available in
29 specific records. No Hanford Site drawings have been found that describe the 218-C-9 Landfill.

30 Debris at the landfill consists of potentially contaminated concrete rubble, large equipment, roofing
31 material, metal scrap, and other Hot Semiworks demolition wastes. Contaminated soil from
32 UPR-200-E-37 and UPR-200-E-98 also was placed in the 218-C-9 Landfill. Although the majority of the
33 waste in the 218-C-9 Landfill consists of noncontainerized demolition rubble, the landfill also contains
34 approximately 270 drums (208 L [55 gal]) of LLW.

35 2.3.2.2 216-C-9 Pond
36 Before it was used as a liquid waste disposal site and a solid waste landfill, this excavation was the
37 foundation of the planned (but never built) plutonium separation building (221-C). For 30 years (1953 to
38 1983), the 216-C-9 Pond received about 1 billion L (264 million gal) of mildly radioactive steam
39 condensate liquid discharge from the 209-E Critical Mass Laboratory and the Hot Semiworks (201-C)
40 source facilities. Two years after liquid discharges to the site ceased, solid wastes were disposed to the
41 previously used pond for a 4-year period (1985 to 1989). A large portion of the 216-C-9 Pond area was
42 assigned the facility designation of "218-C-9" to signify its use as a solid waste landfill.
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1 2.3.2.3 218-E-1 Landfill (Eastern Inner Area)
2 The 218-E-I Landfill was also called the Dry Waste Burial Garden 1. This landfill received packaged
3 waste materials from the B Plant complex. The landfill covers approximately 1 ha (2.4 ac). This landfill is
4 located approximately 150 m (500 ft) west of the PUREX Plant.

5 Although some literature sources report 21 trenches (e.g., RHO-CD-673, Handbook 200 Areas Waste
6 Sites), a more recent geophysics survey performed in 2006 (D&D-30708, Geophysical Investigations
7 Summary Report; 200 Areas Burial Grounds: 218-E-1, 218-E-2A, 218-E-8, 218-E-12A, 218-W-1,
8 218- W-2, 218- W-3, and 218- W-11) shows 15 trenches running north-south, about 60 m (200 ft) long,
9 consistent with the site reference drawings.

10 Waste trenches were backfilled shallowly at the time of burial. At an unknown later date, they were filled
11 to ground level with cinders from the nearby 284-E Powerhouse Ash Disposal Pile. The cinders made a
12 comparatively sterile seed bed, acting as a deterrent against plant growth that could have taken up some of
13 the radioactivity through the roots. The surface of the cinders was covered with coarse gravel to guard
14 against wind erosion, and a dry moat was bladed around the zone perimeter inside the post line to
15 discourage vehicle travel over the surface of the landfill (WHC-EP-0912). The landfill was surface
16 stabilized in 1981 with 0.5 m (1.5 ft) of clean fill, revegetated, and load tested.

17 2.3.2.4 218-E-2 Landfill (Eastern Inner Area)
18 The 218-E-2 Landfill covers approximately 1.3 ha (3.3 ac). The landfill is collocated with the 218-E-2A,
19 218-E-4, 218-E-5, 218-E-5A, and 218-E-9 Landfills.

20 The landfill consists of eight industrial trenches that run east-west. The trench lengths vary from 27 to
21 142 m (90 to 465 ft). The landfill received unsegregated material contaminated with mixed fission
22 products (WIDS), uranium, and plutonium (SWITS). The unit was surface stabilized in 1979 with 0.3 m
23 (1 ft) of clean backfill material and vegetated with wheatgrass (WIDS).

24 2.3.2.5 218-E-2A Landfill (Eastern Inner Area)
25 The 218-E-2A Landfill was originally called the Regulated Equipment Storage Site 2A. Service dates are
26 not known, but are estimated at 1945 to 1950, with the landfill retired by 1975 (WHC-EP-0845, Solid
27 Waste Management History of the Hanford Site). The site is about 0.3 ha (0.7 ac). The landfill is located
28 directly south of the 218-E-2 Landfill, across the railroad tracks, north of B Plant. This landfill was
29 originally used for the aboveground storage of equipment that has since been removed.

30 The drawings conflict slightly in their depictions of a singular trench location. The trench is about 14 m
31 (46 ft) wide. No records or burial inventories are available to indicate that this landfill was used as a
32 disposal facility, and waste volumes are not known. On February 21, 1978, an inspection of the trench
33 disclosed a number of sinkholes along the centerline, indicating that the trench had been dug and used for
34 dry-waste burials. In the summer of 1979, at least 0.3 m (1 ft) of clean soil was used to fill the trench to
35 ground level (WHC-EP-0912).

36 2.3.2.6 218-E-4 Landfill (Eastern Inner Area)
37 The 218-E-4 Landfill was historically called the 200 East Minor Construction No. 4 and Equipment
38 Landfill 4. The landfill covers an area of approximately 1.2 ha (2.9 ac) and contains mainly construction
39 debris that is unsegregated.

40 The landfill is a wedge-shaped polygon located between two railroad tracks and north of B Plant.
41 It received repair and construction waste from the 221-B Building (B Plant) modifications. The landfill is
42 collocated with the 218-E-2, 218-E-2A, 218-E-5, 218-E-5A, and 218-E-9 Landfills.
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1 2.3.2.7 218-E-5 Landfill (Eastern Inner Area)
2 The 218-E-5 Landfill was originally called Industrial Burial Garden 5. It was used from 1954 to 1965.
3 The 218-E-5 Landfill covers about 1.1 ha (2.6 ac). The landfill is contiguous with the western boundary
4 of the 218-E-2 Landfill, north of B Plant. This landfill received miscellaneous contaminated equipment
5 from the tank farm uranium recovery process and the PUREX Plant.

6 Extensive research was conducted during 1979 to determine the location of all the trenches within the
7 bounds of the 218-E-2, 218-E-5, 218-E-5A, and 218-E-9 Landfills. This research was performed to
8 support interim site stabilization. The research included viewing aerial photographs and construction
9 drawings, analyzing plant growth patterns, and load testing the ground surface. Four previously

10 unrecorded trenches were identified; these trenches are now numbered 1, 2, 4, and 5 on Hanford Site
11 Drawing H-2-55534, 218-E2, E2A, E4, E5, E5A, & E9 Industrial Burial Ground Plan & Details.
12 The trenches in the 218-E-2, 218-E-2A, 218-E-4, 218-E-5, 218-E-5A, and 218-E-9 Landfills were
13 stabilized with the addition of 0.3 m (1 ft) of soil (WHC-EP-0912).

14 Source literature (RHO-CD-673) indicates that trench locations for this landfill may not be accurately
15 represented on the drawing. Geophysics data collected in 2006 (D&D-28379, Geophysical Investigations
16 Summary Report; 200 Area Burial Grounds: 218-C-9, 218-E-2A, 218-E-5, 218-E-5A, 218-E-8,
17 218-W-1A, 218- W-2A, and 218- W-11) suggest that the trench locations are slightly different than depicted
18 on Hanford Site Drawing H-2-55534.

19 2.3.2.8 218-E-5A Landfill (Eastern Inner Area)
20 The 218-E-5A Landfill was originally called Industrial Burial Garden 5A. The 218-E-5A Landfill covers
21 approximately 0.38 ha (0.9 ac). The landfill is located contiguous with the western boundary of the
22 218-E-5 Landfill, north of B Plant.

23 This landfill received failed equipment and industrial waste that consisted of three or four very large
24 (15 by 4.6 by 5.5 m [50 by 15 by 18 ft]) wooden burial boxes containing a PUREX K-2 column package,
25 a PUREX L cell package, and a PUREX J-2 pulse column package. The boxes were partially buried in
26 1958 and backfilled in 1961. The large box burial locations are well documented and photographed.

27 The photographs show foaming used during the backfilling operation to contain contamination because of
28 a box collapse. In 1979, the landfill was stabilized with 0.3 m (1 ft) of clean soil and vegetated with
29 wheatgrass.

30 2.3.2.9 218-E-8 Landfill (Eastern Inner Area)
31 The 218-E-8 Landfill was once known as the Construction Burial Garden (originally no facility number
32 was assigned to it). This landfill covers approximately 0.44 ha (1.1 ac). The 218-E-8 Landfill is located at
33 the northwest edge of the eastern Inner Area Burn Pit, north of the PUREX Plant. The location and
34 number of trenches in this landfill are not known. However, historical aerial photographs revealed that
35 several pallets of debris remained exposed for several years, possibly suggesting the low-risk nature of the
36 waste. Older source literature (HW-60807, Unconfined Underground Radioactive Waste and
37 Contamination in the 200 Areas-1959) shows a different size and location for the landfill than do current
38 site maps (e.g., Hanford Site Drawing H-2-821555, Sheet 5, Subsidence Drawing Burial Ground
39 218-E-12B) and WIDS.

40 A 2005 geophysical survey showed no clear indications of any distinct trenches or concentration of large
41 debris. The 2006 geophysical survey indicated buried objects or debris located outside the area of
42 the landfill. The 200 East Burn Pit is a nonradioactive burial site located adjacent to the 218-E-8 Landfill;
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1 its proximity complicates the interpretation of geophysical surveys and historical photographs because it
2 is difficult to distinguish between the two sites.

3 This landfill received contaminated equipment and material in 1958 to 1959 during construction of the
4 293-A PUREX Dissolver Offgas Building and removal of the PUREX temporary ventilation barrier
5 during the PUREX second crane addition. The site contains USG only.

6 In 1979, the landfill was stabilized with at least 0.5 m (1.5 ft) of backfill. There are no known individual
7 drawings of the landfill; however, drawings of the 218-E-12B Landfill (e.g., Hanford Site Drawing
8 H-2-821555, Sheet 5) often show the 218-E-8 Landfill, which is near the southeast corner of the
9 218-E-12B Landfill.

10 2.3.2.10 218-E-9 Landfill (Eastern Inner Area)
11 The 218-E-9 Landfill was originally known as East Regulated Equipment Storage Site No. 009 and

12 covers approximately 0.56 ha (1.4 ac). The landfill is collocated with the 218-E-2, 218-E-2A, 218-E-4,
13 218-E-5, and 218-E-5A Landfills and was stabilized in 1980. Part of the footprint of the 218-E-9 Landfill

14 is shared with 218-E-2. The landfill was used as an aboveground storage site for fission product

15 equipment that became contaminated in the uranium recovery process operations at the tank farms. It is

16 not certain that the landfill was used for burials; however, sink holes were noticed in the landfill in the

17 late 1970s, indicating the likelihood that it had been used. The landfill was restabilized in 1991 when

18 contaminated vegetation was found growing on the surface.

19 2.3.2.11 218-E-12A Landfill (Eastern Inner Area)
20 The 218-E-12A Landfill was originally known as Dry Waste Burial Garden 12. The 218-E-12A Landfill
21 covers approximately 10 ha (25 ac). The landfill is located north of B Plant, about 30 m (100 ft) northwest
22 of the C Tank Farm.

23 This landfill contains 28 trenches 137 to 311 m (450 to 1,020 ft) long. Hanford Site Drawing H-2-32560,
24 As-Built Dry Waste Burial Site #218-E-12A, indicates that Trenches 4 through 11, 15 through 16, and 26
25 through 28 contain acid-soaked material, but little is understood about the nature of this material.
26 However, interviews with former PUREX Plant workers indicate that this waste is likely rags that were
27 once saturated with a nitric acid solution and used to decontaminate equipment in the PUREX facility.
28 These acid-soaked material trenches are narrower (1.5 to 3.7 m [5 to 12 ft] wide) and presumably
29 shallower than other trenches (9.2 m [30 ft] wide) in this landfill.

30 Unpublished logbooks from the 1960s suggest that much of the waste at this landfill consists of bulk trash
31 from the PUREX Plant, placed in fiberboard boxes or dumped from trucks. Other recorded items buried
32 include tank farm pumps, animal carcasses from the 108-F Biology Laboratory, and miscellaneous
33 construction waste. About 35 metal drums of depleted uranium from offsite generators were buried in
34 April 1962 in Trench 12. Offsite uranium was typically buried in the western Inner Area; however, two
35 shipments were diverted to the 218-E-12A Landfill when a criticality accident in the Recovery of
36 Uranium and Plutonium by Extraction (RECUPLEX) facility the same week closed down operations in
37 the western Inner Area for several days. This is the only known record of offsite uranium in the
38 218-E-12A Landfill.

39 In 1986, water inflow was observed in unfilled Trench 36 in the 218-E-12B Landfill directly to the north
40 of the 218-E-12A Landfill. The source of water was seepage from the nearby 216-B-2-3 Ditch, which
41 flowed between the 218-E-12A and 218-E-12B Landfills. The 216-B-2-3 Ditch conveyed water roughly
42 1,219 m (4,000 ft) from the 207-B Retention Basins to a diversion structure capable of routing the water
43 to either B Pond or Gable Mountain Pond at the time. An investigation into the incident was conducted
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1 and documented in 1986 (SD-WM-TI-260). Interim actions were taken to remove vegetation and debris
2 restricting flow in the ditch, and bentonite clay was added to minimize seepage of water from the ditch.
3 The ditch eventually was replaced with a pipeline and is out of service.

4 Potential water inflow from the 216-B-2-3 Ditch into the 218-E-12A Landfill also was investigated by
5 excavating trenches and drilling boreholes. The 218-E-12A Landfill is topographically higher than the
6 216-B-2-3 Ditch. Furthermore, the 216-B-2-3 Ditch had been previously treated with bentonite clay
7 adjacent to the 218-E-12A Landfill, restricting seepage from the ditch. Finally, no saturated sediments
8 were encountered during the investigation of the 218-E-12A Landfill. It was concluded that no water
9 inflow occurred above the bottom of the trenches in the 218-E-12B Landfill. In 1979-1980, and again in

10 1994, the landfill was stabilized with 0.5 to 0.6 m (1.5 to 2.0 ft) of backfill.

11 2.3.2.12 218-W-1 Landfill (Western Inner Area)
12 The 218-W-1 Landfill is located on the east side of Dayton Avenue, west of the TX Tank Farm. It is
13 about 460 m (1,500 ft) northwest of the 234-5Z Building and lies between the 218-W-2 and
14 218-W-1 1 Landfills. This landfill covers approximately 2.2 ha (5.5 ac).

15 The 218-W-1 Landfill contains alpha-contaminated solid wastes and miscellaneous dry wastes.
16 Photographic evidence suggests that the landfill received wastes packaged mainly in small wooden boxes
17 or fiberboard containers or wrapped in heavy brown paper. Property disposal records from the 1940s and
18 1950s indicate that wastes disposed include small- to medium-sized equipment (such as dip tubes, lab
19 sample cups, and laundry machines). This landfill also may contain tools, air filters, and protective
20 clothing (such as masks). Wastes with dose rates of up to 35 rem/hr at the container surface were reported
21 in early source literature (HW-2847 1, Unconfined Underground Radioactive Waste and Contamination in
22 the 200 Areas).

23 The landfill consists of 15 trenches that run east to west. The landfill currently appears as a field with an
24 undisturbed, flat surface that has been seeded with field grass. A small area near the center of the landfill
25 once contained contaminated mulch with a maximum reading of 12,000 d/min. Evidence exists that waste
26 boxes once were buried less than 1.2 m (4 ft) from the surface (WHC-EP-0912).

27 2.3.2.13 218-W-A Landfill (Western Inner Area)
28 The 218-W-1A Landfill was originally called Industrial Burial Garden 1 and Industrial Waste No 1.
29 The landfill is located 600 m (2,000 ft) northwest of T Plant. A railroad spur passes through the central
30 portion. This landfill covers approximately 3.4 ha (8.4 ac).

31 In addition to process equipment and process waste buried in 10 trenches, pieces of equipment were
32 stored aboveground that later were removed. This landfill was the first large-equipment burial site in the
33 western Inner Area. Literature indicates burials of REDOX Plant pots, silver reactors, condensers
34 (HW-30372, Manufacturing Department Radiation Incident Investigation), tank samplers from
35 Oak Ridge National Laboratory, and general trash from chemical separations plants in the western
36 Inner Area.

37 Most of the equipment was buried in wooden boxes with a double liner of waterproof paper (HW-30372).
38 The boxes tended to collapse and cause settling of the ground surface. Most of the sinkholes were filled
39 with clean soil in 1975, but a number of deep sinkholes remained north of the railroad tracks (WIDS).
40 A large number of 2 m (6 ft) thick concrete cellblocks were stored above ground south of the railroad
41 tracks, but eventually they were disposed to this landfill. Nearly all of the surface radioactive
42 contamination that was on the blocks when they were stored in the landfill has since decayed
43 (WHC-EP-0912). The ground surface is currently free of contamination (WIDS).
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1 2.3.2.14 218-W-2 Landfill (Western Inner Area)
2 The 218-W-2 Landfill was originally called Dry Waste Burial Garden 2. The landfill is contiguous with
3 the south boundary of the 218-W-1 Landfill. Early literature sources do not distinguish between the
4 218-W-1 and 218-W-2 Landfills; for example, HW-28471 refers to the 218-W-1 and 218-W-2 Landfills
5 as "Solid Waste Landfills" and indicates there were 18 trenches as of the time of publication (1953).
6 HW-41535, Unconfined Underground Radioactive Waste and Contamination in the 200 Areas, published
7 in 1956, indicates 20 trenches. This landfill covers approximately 2.8 ha (7.0 ac).

8 This landfill received packaged waste materials from the western Inner Area. No material was stored
9 above ground. The wastes disposed to the 218-W-2 Landfill likely are similar to those in the

10 218-W-1 Landfill. Some of the landfill trenches did not receive the required 1.2 m (4 ft) of backfill before
11 stabilization, when waste boxes were observed to be within 0.5 m (1.5 ft) of the ground surface. Sink
12 holes were filled in 1974 (WHC-EP-0912).

13 2.3.2.15 218-W-2A Landfill (Western Inner Area)
14 The 218-W-2A Landfill was originally called Industrial Burial Garden 2. This landfill covers
15 approximately 15 ha (38 ac) and is located northeast of the corner of 2 3rd Street and Dayton Avenue.
16 Interim stabilization activities were initiated during the summer and fall of 1979 and completed in 1980.
17 The purpose of the work was to eliminate the hazards of subsurface voids, reduce wind-surface erosion,
18 remove ground-surface contamination, and establish deterrents against undesirable vegetation growth.

19 Records suggest that most of the waste in this landfill was added to the trenches via dump truck or was
20 packaged in concrete or wooden boxes. The landfill received contaminated soil, debris, and process
21 equipment, including laboratory equipment and waste from the 300 Area, some with dose rates up to
22 500 R/hr; failed REDOX equipment; contaminated rails; a 1951 International Harvester panel truck used
23 in solid waste operations; filters from B Plant; and tube bundles from the PUREX Plant. Based on
24 logbook records and SWITS, much of the waste in this landfill (at least 20 percent by volume) is
25 contaminated soil from stabilization of the 216-T-4-2D Ditch and 216-T-4B Pond (Trench 27). It also
26 received waste from the U Tank Farm, and the 216-U-14 Laundry Ditch. DOE/RL-2007-02,
27 Supplemental Remedial Investigation/Feasibility Study Work Plan for the 200 Areas Central Plateau
28 Operable Units: Volume I: Work Plan and Appendices, and Volume H: Site-Specific Field-Sampling Plan
29 Addenda, addresses characterization of the 216-T-4B Pond and a portion of the 216-T-4-2D Ditch.
30 Cell cover blocks, 2 m (6 ft) thick, were buried in the 218-W-2A Landfill along the west side of the
31 railroad tracks in Trenches 12 through 15 (ARH-2757, Radioactive Contamination In Unplanned
32 Releases To Ground Within the Chemical Separations Area Control Zone Through 1972 (Exclusive of
33 Liquid Waste Storage Tank Farms)). Trench 27 contains contaminated soil scraped from the
34 216-T-4B Pond.

35 Historical records (e.g., HW-41535) indicate that in 1954 two sections of railroad track, contaminated
36 during the fall of 1954 to maximum dose rates of 350 mrem/hr, were buried in Trench 16, which is
37 located outside and across the railroad tracks from the 218-W-2A Landfill. ARH-2015, Radioactive
38 Contamination in Unplanned Releases to Ground Within the Chemical Separations Area Control Zone
39 through 1970, Part 4 (Appendix A), indicates that the rails were removed in 1971. Geophysics survey
40 results in 2006 (D&D-28379), which did not indicate the presence of rails in Trench 16, corroborate this.

41 Trenches 17, 18, 19, 25, and 26 were never excavated or used.

42 2.3.2.16 218-W-3 Landfill (Western Inner Area)
43 The 218-W-3 Landfill was originally called Dry Waste Burial Garden 3. This landfill covers
44 approximately 3.1 ha (7.6 ac) and is located northeast of the corner of 2 3rd Street and Dayton Avenue.
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1 This landfill is west of the 218-W-2A Landfill. According to the current Hanford Site Drawing
2 (H-2-32095, Sheet 1, 218-W-2A Industrial Burial Ground & 218-W-3 Dry Waste Burial Ground),
3 the landfill is composed of 20 trenches running east-west. However, trench configurations as depicted on
4 the current site drawing (H-2-32095) are based on field observations made during stabilization work in
5 the early 1980s. Geophysics data collected in 2006 (D&D-30708) and unpublished logbook notations
6 suggest that the trench locations, lengths, orientations, and numbering systems are somewhat different
7 from those indicated on the drawing.

8 Logbooks suggest that much of the waste in this landfill is packaged in fiberboard containers and that the
9 sources of the waste include PFP (about 50 percent by volume), other western Inner Area facilities

10 (38 percent), the 108-F Biology Laboratory (5 percent), the 300 Area (5 percent), and offsite generators
11 (2 percent). Known items buried at the landfill include miscellaneous small- to medium-sized equipment,
12 process hoods, tools, contaminated laundry, a 1951 International Harvester panel truck once used for
13 transporting waste within the landfills, metal drums of depleted uranium from offsite generators, and
14 building debris (such as ductwork and lumber).

15 Wastes from PFP that were heavily contaminated with plutonium and organics also may have been
16 disposed at this landfill. HW-59645, Disposition ofPlutonium to Burial 234-5 Building, describes
17 149 cardboard boxes (about 0.112 m3 [4 ft3 ] per box) disposed to burial. The burial location is not
18 specified, but from the source facility location (western Inner Area), period (1959), and type of waste
19 (dry waste), the burial location may be surmised to be the 218-W-3 Landfill. The waste is described as
20 rubber gloves, plastic, and paper cartons that may have been damp with carbon tetrachloride and/or
21 tributyl phosphate; and, to a lesser extent, damp with nitric and hydrofluoric acid. The boxes initially
22 were stored at PFP and Gable Mountain Vaults where they decomposed. Upon discovery of the
23 decomposition, the boxes were wrapped in plastic and disposed. The landfill was stabilized in 1983; the
24 north end was restabilized with fill and gravel in 2001.

25 2.3.2.17 218-W-4A Landfill (Western Inner Area)
26 The 218-W-4A Landfill covers approximately 7 ha (17 ac). The landfill is located southeast of the
27 intersection of 2 3rd Street and Dayton Avenue and contains 21 miscellaneous dry waste trenches oriented
28 east-west and six to eight vertical pipe units or caissons. The landfill also includes an unnumbered trench,
29 oriented north-south, near the east end of Trench 11 that contains a REDOX column (Hanford Site
30 Drawing H-2-32487, 218-W-4A Dry Waste Burial Site).

31 Source facilities include offsite uranium drums and equipment from 231 -Z, 234-5Z, the facility for the
32 RECUPLEX process, REDOX, 222-U, and the 300 Area Laboratories. The landfill contains
33 miscellaneous waste, including failed equipment, plutonium-contaminated laboratory waste, and about
34 1,800 containers of depleted uranium. It is estimated that the landfill contains 394,000 kg of uranium. It is
35 believed, but not known for certain, that most of the uranium inventory at the 218-W-4A Landfill is in the
36 1,800 containers of depleted uranium.

37 Burial records suggest that about two-thirds of the waste in this landfill is packaged in fiberboard
38 containers. Trenches 16 and 20 received high-concentration plutonium wastes from PFP. Trench 19 is
39 marked as RECUPLEX on Hanford Site Drawing H-2-32487.

40 2.3.2.18 218-W-11 Landfill (Western Inner Area)
41 The 218-W-1 1 Landfill was used as an aboveground regulated storage area for low-level contaminated
42 equipment in the 1960s. Equipment was sometimes buried here until radiation levels decayed to an
43 acceptable value and then exhumed for reuse. Some material was buried here permanently.
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1 The 218-W- 11 Landfill covers approximately 0.87 ha (2.1 ac) and is located between the 218-W-1 and
2 218-W-4A Landfills.

3 Geophysics data (D&D-30708) from 2005 and 2006 suggest that one trench in the landfill runs 45 m
4 (150 ft) east and west and corresponds approximately with the northernmost trench location in
5 Hanford Site Drawing H-2-94250, Dry Waste Burial Ground 218- W-11. There may be a pit to the east of
6 this trench (D&D-30708). The trench was used in 1960 for burial of low-level contaminated sluicing
7 equipment that had been used in the Uranium Recovery Process. Some of the equipment was later
8 removed from the trench and used in the strontium-cesium recovery process (WHC-EP-0912).

9 2.4 Associated Sites

10 Several of the landfill-associated waste sites (Z Plant burn pit, 216-C-9 Pond, and the T Ponds) were
11 described in Section 2.3 along with their associated landfills. There are also 11 UPR waste sites within or
12 near the 200-SW-2 OU landfills that are summarized in Table 2-3. The locations of all the landfill-
13 associated waste sites are presented in Figure 2-4.

Table 2-3. Unplanned Release Sites Consolidated Within 200-SW-2 OU Landfills

Landfill with
WIDS Site Consolidated

Code Site Name(s) Site Description Site

UPR-200-E-53 UPR-200-E-53, Contamination spread by bulldozer when shallow buried 218-E-1
UN-200-E-53, contaminated waste was unearthed during backfilling
Contamination in activities. The area is approximately 15 by 46 m (50 by
218-E-1 150 ft) and is located at the south end of 218-E-1.

Contamination at levels of up to 150 mR/hr was recorded
at this site. Status: Inactive

UPR-200-E-23 UPR-200-E-23, Airborne contamination spread over the 218-E-10
UPR-200-W-158, 218-E-10 Landfill when a burial box containing two
Burial Box PUREX process steam tube bundles collapsed during
Collapse at backfill operations. Three days after partially backfilling,
218-E-10 the landfill was found generally contaminated with levels

ranging from 10 to 60 mR/hr. Initially, this site was in
WIDS under the alias UPR-200-W-158 before being
determined the event took place in the eastern Inner Area.
Status: Inactive

UPR-200-E-24 UPR-200-E-24, This site is associated with UPR-200-E-23 because of the 218-E-10
UN-200-E-24, same incident, but this site documents the large plume of
Contamination contamination that resulted. Airborne contamination was
Plume from the generated when a burial box containing two PUREX
218-E-10 process steam tube bundles collapsed during backfill
Landfill operations within the 218-E-10 Landfill. Status: Inactive

UPR-200-E-30 UPR-200-E-30, Contamination occurred when a large wooden drag-off 218-E-10
UN-200-E-30, box collapsed as it was being backfilled in place within
Contamination the 218-E-10 Landfill. The majority of contamination was
within 218-E-10 located within the landfill. Contamination was spread

over 37,160 m2 (400,000 ft2 ) at a maximum of
500 mR/hr. Status: Inactive
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Table 2-3. Unplanned Release Sites Consolidated Within 200-SW-2 OU Landfills

Landfill with
WIDS Site Consolidated

Code Site Name(s) Site Description Site

UPR-200-W-16 UPR-200-W-16, This is a duplicate of the occurrence described in 218-W-1
Fire at 218-W-1 UPR-200-W-11. It was incorrectly reported in
Landfill BH1-00175. The correct location (UPR-200-W-16) was

confirmed by the map in HW-54636. A fire occurred
within the waste boxes spreading plutonium (alpha)
contamination. Maximum contamination levels were
found to be 20,000 dpm/100 cm 2 within the
218-W-1 Landfill and 30,000 dpm/100 cm2 outside of the
landfill. Contamination outside of the landfill boundaries
is not within the scope of this work plan. Status: Inactive

UPR-200-W-11 UPR-200-W-11, This is a duplicate of the occurrence described in 218-W-1
UN-200-W-1 1, UPR-200-W-16. The correct location (UPR-200-W-16)
UPR-200-W-16, was confirmed by the map in HW-54636. In 1952 a fire
218-W-1 Landfill occurred within the waste boxes spreading plutonium
Fire (alpha) contamination. Maximum contamination levels

were found to be 20,000 dpm/100 cm2 within the
218-W-1 Landfill and 30,000 dpm/100 cm2 outside of the
landfill. Status: Inactive

UPR-200-W-26 UPR-200-W-26, Wind dispersed contamination while a box of used 218-W-1A
Contamination connectors was being unloaded from a flatcar.
Spread During Contamination spread onto the flatcar and onto the
Burial Operation surrounding ground. This release is probably associated

with the 218-W-1A Landfill, near T Plant. Radiation
incident investigation at the time did not report any
recommendations for reducing contamination at the
landfill. Status: Inactive

UPR-200-W-53 UPR-200-W-53, Collapse of a burial box in 218-W-2A containing 218-W-2A
Burial Box REDOX Plant cell jumpers occurred during backfilling
Collapse operations releasing fission product contamination.

Contamination levels ranged from 50 mR/hr at the
landfill to 60,000 c/min at T Plant. Status: Inactive

UPR-200-W-84 UPR-200-W-84, A liquid spill occurred in the 218-W-3A Landfill during 218-W-3A
Ground burial operations of a pump. This spill resulted in
Contamination contamination of the truck transporting the pump and the
During Burial ground around the truck. Some confusion has occurred in
Operation at other documents associating this event with the
218-W-3A 218-W-1 Landfill. The occurrence report for this incident

did not take place at the same time 218-W-1 was in
operation. Status: Inactive

UPR-200-W-72 UPR-200-W-72, Soil erosion occurred in the 218-W-4A Landfill resulting 218-W-4A
Contamination at in contaminated laboratory waste, with gross alpha and
218-W-4A mixed fission product contamination to be released to the

surrounding ground surface. Speculation that disposal
depth requirements were not met resulted in waste
exposure. Status: Inactive
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Table 2-3. Unplanned Release Sites Consolidated Within 200-SW-2 OU Landfills

Landfill with
WIDS Site Consolidated

Code Site Name(s) Site Description Site

UPR-200-W-37 UPR-200-W-37, Contamination resulted when three boxes reportedly 218-W-4C
Contaminated containing high-level waste mistakenly were placed in a
Boxes Found in a burn pit in the western Inner Area. Upon removal of the
Burn Pit (Z Plant boxes the pit was decontaminated.
Burn Pit) When the mistake was rectified, it was noted that one of

the boxes had released contamination levels of 100 mR/hr
because it was broken open during placement, while the
other two boxes remained sealed. Through historical
research, the pit where the incident occurred was
identified as the Z Plant burn pit. The Z Plant burn pit is
located within the boundary of the 218-W-4C Landfill.
Status: Inactive The burn pit was exhumed during
construction of the 218-W-4C Landfill.

Sources: BHI-00 175, Z Plant Aggregate Area Management Study Technical Baseline Report.

HW-54636, Summary of Environmental Contamination Incidents at Hanlbrd 1952-1957.

2 2.5 Environmental Setting

3 This section describes the environmental setting for the Central Plateau's Inner Area. The descriptions
4 include characteristics of surface and subsurface features and processes that are relevant to developing
5 a preliminary understanding of contaminant distribution for the 200-SW-2 landfills. This understanding
6 provides a foundation for identifying data needs and investigation approaches to address data gaps.

7 2.5.1 Climate and Meteorology
8 The Pacific Ocean moderates the temperatures throughout the Pacific Northwest. The Cascade Mountains
9 (located approximately 113 km [70 mi] west of the site) generate a rain shadow that limits rain and

10 snowfall in the eastern half of Washington State. The Hanford Site is located within the driest part of that
11 rain shadow. The Cascade Mountains also serve as a source of cold air drainage, which has a considerable
12 effect on the Hanford Site's wind regime. The Rocky Mountains to the north and east of the region shield
13 the area from most of the severe winter storms and cold air masses that move south from Canada.

14 Climatological data are compiled at the Hanford Meteorological Station (HMS), which is located on the
15 Central Plateau just outside the northeastern corner of the western Inner Area.

16 2.5.1.1 Wind
17 The Cascade Mountains have a considerable effect on the wind regime at the Hanford Site by serving as
18 a source of cold (more dense) air drainage. This orographic drainage results in a northwest to
19 west-northwest prevailing wind direction. Summertime winds from the northwest frequently exceed
20 13 m/s (30 mi/hr), although the fastest wind speeds at the HMS are usually associated with flow from the
21 southwest. Monthly average wind speeds of 15 m (50 ft) above the ground were slower during the winter
22 months, averaging 2.7 to 3.1 m/s (6 to 7 mi/hr), and faster during the spring and summer months,
23 averaging 3.6 to 4.0 m/s (8 to 9 mi/hr). The maximum speed of the drainage winds (and their frequency of
24 occurrence) tends to decrease as they move southeast across the Hanford Site.

25
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1 2.5.1.2 Temperature and Humidity
2 The average monthly temperatures at the HMS range from a low of -0.7C (31 0F) in January to a high of
3 24.7C (76'F) in July, based on data collected from 1946 through 2004. Daily maximum temperatures at the
4 HMS vary from an average of 2'C (35'F) in late December and early January to 36'C (96'F) in late July.

5 From mid-November through early March, the average daily minimum temperature is below freezing,
6 with a daily minimum in late December and early January averaging -6'C (21 F). The annual average
7 relative humidity at the HMS is 55 percent. It is highest during the winter months, averaging about
8 76 percent, and lowest during the summer, averaging about 36 percent.

9 2.5.1.3 Precipitation
10 Average annual precipitation at the HMS is 17 cm (6.8 in.). Most precipitation occurs during the late
11 autumn and winter months, with more than one-half of the annual amount occurring from November
12 through February. Average snowfall ranges from 0.25 cm (0.1 in.) during October to a maximum of
13 13.2 cm (5.2 in.) during December, decreasing to 1.3 cm (0.5 in.) in March. Snowfall accounts for about
14 38 percent of all precipitation from December through February.

15 2.5.1.4 Hanford Site Ambient Air Monitoring
16 During 2012 a network of continuously operating ambient air samplers at 74 locations across the
17 Hanford Site were used to monitor radioactive materials in the air near site facilities and operations
18 (DOE/RL-2013-18, Hanford Site Environmental Reportfor Calendar Year 2012). The data indicated a
19 large degree of variability by location. Air samples collected at or directly adjacent to Hanford Site
20 facilities had higher radionuclide concentrations than samples collected farther away. In general, analytical
21 results for most radionuclides were at or near Hanford Site background levels, which are much less than
22 EPA concentration values (40 CFR 61, "National Emission Standards for Hazardous Air Pollutants,"
23 Appendix E, "Compliance Procedures Methods for Determining Compliance with Subpart I," Table 2)
24 but greater than those measured offsite. The following summaries are for the 2012 results from the eastern
25 and western portions of the Inner Area:

26 * Air sampling was conducted at 21 locations in the eastern Inner Area during 2012. Radionuclide
27 levels measured in the ambient air composite samples were generally similar to those measured in
28 previous years. Uranium-234 and uranium-238 were detected in 40 percent of the samples, and
29 americium-241 and cesium-137 were detected in 25 percent and 15 percent of the samples,
30 respectively. A review of the biweekly air sample results during 2012 did not reveal elevated alpha or
31 beta concentrations.

32 * Air sampling was conducted at 25 locations in the western Inner Area during 2012. Generally,
33 radionuclide levels measured were similar to results for previous years. Uranium-234 and
34 uranium-238 were detected in 42 percent of the samples. Plutonium-239/240 was detected in
35 33 percent of the samples.

36 2.5.2 Physiography and Topography
37 The Hanford Site lies within the Pasco Basin. The physiographic setting of the Hanford Site is relatively
38 low relief (Figure 2-5), resulting from river and stream sedimentation filling the synclinal valleys and
39 basins between the anticlinal ridges. The 200-SW-2 OU waste sites are located on the Cold Creek bar, a
40 large compound flood bar formed during the Pleistocene Ice Age floods. The elevation (above mean sea
41 level) of the upper surface of the bar ranges from about 221 m (725 ft) in the northwestern Inner Area to
42 about 197 m (647 ft) in the southwestern Inner Area. No natural surface water drainage channels are
43 located in the Inner Area.
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1 2.5.3 Geologic Setting
2 The geology of the Hanford Site has been extensively characterized during past investigation activities.
3 The Inner Area is located in the central part of the Pasco Basin. Over the last 16 million years, the basin
4 filled with materials that formed bedrock (i.e., volcanic lava flows) and unconsolidated sediments
5 (e.g., silt, sand, and gravel). Unconsolidated and partly consolidated fluvial (river-derived), lacustrine
6 (lake), and cataclysmic flood sediments of the Miocene through Holocene ages (about 10.5 million years
7 to the present) overlie the basalts. Beneath the ground surface, the major geologic units of interest
8 (from oldest to youngest) include the following: (1) the Elephant Mountain Member basalt of the Saddle
9 Mountains Basalt Formation within the Columbia River Basalt Group, (2) the Ringold Formation, (3) the

10 Cold Creek unit (CCU), (4) the Hanford formation, and (5) recent Holocene surficial deposits.

11 A generalized geological structure of the Pasco Basin and a stratigraphic column of the Hanford Site are
12 presented in Figures 2-6 and 2-7. Previous studies containing geologic interpretations, related maps, and
13 cross sections pertaining to the 200-SW-2 OU include the following:

14 e DOE/RL-92-16, 200 West Groundwater Aggregate Area Management Study Report

15 e DOE/RL-2009-122, Remedial Investigation/Feasibility Study for the 200-UP-I Groundwater
16 Operable Unit

17 e PNNL- 19277, Conceptual Models for Migration of Key Groundwater Contaminants Through the
18 Vadose Zone and into the Unconfined Aquifer Below the B-Complex

19 The hydrogeologic interpretations for the 200-SW-2 OU waste sites are based on PNNL-13 858, Revised
20 Hydrogeology for the Suprabasalt Aquifer System, 200- West Area and Vicinity, Hanford Site,
21 Washington, and PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System,
22 200-East Area and Vicinity, Hanford Site, Washington.

23 2.5.3.1 Columbia River Basalt
24 Basalt is an igneous rock ejected from the earth during volcanic events. The basalt flows of the Columbia
25 River Basalt Group were deposited during Miocene time (23.7 to 10.5 million years ago) from source
26 vents in southeastern Washington, northern Oregon, and western Idaho. These basalt flows form the
27 basement rock for much of the overlying sedimentary deposits. Beneath the western portion of the
28 Hanford Central Plateau, the youngest and uppermost basalts belong to the Saddle Mountains Basalt
29 Formation (RHO-BWI-ST-4, Geologic Studies of the Columbia Plateau: A Status Report). The Saddle
30 Mountains Basalt Formation is divided into the Ice Harbor, Elephant Mountain, Pomona, Esquatzel,
31 Asotin, Wilbur Creek, and Umatilla Members. The Elephant Mountain Member is the uppermost basalt
32 unit and is about 35 m (115 ft) thick beneath most of the Hanford Site, except in the Gable Gap area north
33 of the eastern Inner Area, where glacial flood waters have eroded through the Elephant Mountain Basalt
34 and have left the underlying Rattlesnake Ridge interbed in contact with the Hanford formation.
35 The Rattlesnake Ridge interbed of the Ellensburg Formation typically occurs between the Elephant
36 Mountain Member and the underlying Pomona Member and comprises the uppermost basalt confined
37 aquifer beneath the Central Plateau.
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3 Figure 2-6. Generalized Geologic Structure Map of the Pasco Basin

4 In the central portion of the Pasco Basin, the Ellensburg Formation interbed ranges from 1.5 to 15 m

5 (5 to 50 ft) thick and is composed of clayey basalt conglomerates, fluvial floodplain deposits, and ash
6 tuffs and tuffites ( R HO-R E-ST -12P, An Assessment of/Aquifer Intercommunication ini the B Pond-Gable
7 Mountain Pond Area of the Hanjbrd Site).

8 In the 200-SW-2 OU, the basalt surface is interpreted as the basal hydrogeologic boundary for
9 the overlying sedimentary aquifer system that has been affected by historical liquid effluent

10 disposal practices.

11 2.5.3.2 Rin gold Formation
12 The fluvial-lacustrine Ringold Formation, which overlies basalt in much of the Hanford Site, is present
13 beneath the western Inner Area and vicinity as four distinct hydrostratigraphic units (informally
14 designated as units 4, 5, 8, and 9). These units generally correspond to Ringold Formation upper unit
15 (silt and sand), fluvial gravel unit E, lower mud unit, and fluvial gravel unit A, respectively
16 (PNNL-13858). The Ringold Formation is described as an unconsolidated to semi-consolidated
17 sedimentary sequence deposited unconformably on the basalt and consists of clay, silt, sand, and granule-
18 to cobble-sized gravel deposited by the ancestral Columbia River (PNNL-12261; PNNL-13858).
19 The lower vadose zone in the western Inner Arca, immediately above the water table, is within the
20 Ringold Formation.
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1 2.5.3.3 Cold Creek Unit
2 The CCU includes several post-Ringold Formation and pre-Hanford formation units beneath portions of
3 the Inner Area (DOE/RL-2002-3 9, Standardized Stratigraphic Nomenclature for Post-Ringold-Formation
4 Sediments within the Central Pasco Basin). Three different deposits of similar age comprise the CCU: a
5 fine-textured silty deposit, a silt-to-gravel sized deposit that is variably cemented with calcium carbonate
6 (caliche), and a compact gravel deposit. The silty and carbonate-cemented deposits are found in the
7 vadose zone in the western portion of the Central Plateau.

8 The compact gravel deposit is found underlying the eastern portion of the Central Plateau, where it is
9 typically encountered beneath the water table. The CCU is present within the vadose zone beneath the

10 Inner Area where it is composed of fluvial, eolian (wind deposited), and paleosol (soil) deposits, which
11 are divided into two separate units designated as the lower caliche unit (CCU,) and the overlying silt unit
12 (i.e., formerly early Palouse soil but now called CCUz; DOE/RL-2002-39). The caliche layer formed
13 during subareal exposure of the upper portions of the underlying sediment (e.g., Ringold Formation unit E
14 or the upper Ringold unit) and extended into overlying CCUz sediment. The CCU, deposit is composed of
15 leached calcium carbonate that accumulated in available pore spaces between sediment grains (sand, silt,
16 or gravel). The caliche forms a secondary mineral coating of cement that binds the sediment grains
17 together, forming one or more hardpan layers. The stratigraphic location and amount of calcium carbonate
18 cement are variable, so the physical properties of this unit vary from soil-like to rock-like.

19 The properties of the CCU underlying the 200-SW-2 OU waste sites are important for two primary
20 reasons: (1) the CCUz generally exhibits much lower hydraulic conductivity than the overlying Hanford
21 formation and, where present, the underlying Ringold Formation; and (2) the CCU exhibits much higher
22 retention capacity for many contaminants of interest. The hydraulic properties of the CCUz have
23 historically resulted in accumulation and subsequent lateral spread of perched water within the vadose
24 zone atop this unit and beneath high-volume discharge facilities (e.g., ditches, ponds, and cribs). The high
25 contaminant retention capacity, a function of high ion-exchange capacity (in the silty portion) and
26 precipitation reactions with calcium carbonate (in the cemented portion), have historically resulted in
27 accumulation and retention of certain contaminants. In addition to chemical reactions and exchange
28 properties, the silty and carbonate-cemented elements of the CCU exhibit substantial water-holding
29 capacity. As a result, the vadose zone in some locations is expected to have retained substantial quantities
30 of soluble contaminants within the soil water held by capillary forces in the CCU.

31 The CCU gravel (CCUg), formerly known as the pre-Missoula Gravel, forms clast-supported, sandy
32 pebble/cobble gravel that sharply truncates against the underlying Ringold Formation or basalt. This unit
33 consists of post-Ringold deposits presumed to originate from the ancestral Columbia River. This
34 coarse-grained, generally permeable deposit exists in the saturated zone (i.e., beneath the water table)
35 underlying the 200-SW-2 OU waste sites. The CCUg influences aquifer boundaries and groundwater
36 contaminant flow throughout the eastern portion of the Central Plateau.

37 2.5.3.4 Hanford Formation
38 The Hanford formation is the informal stratigraphic name given to the Pleistocene cataclysmic flood
39 deposits in the Pasco Basin (DOE/RL-2002-39). The cataclysmic floodwaters eroded or reworked much
40 of the pre-existing Ringold Formation and CCU sediment across the Gable Gap area and unconformably
41 deposited the sediments as the Hanford formation. The floodwaters deposited a thick sand and gravel bar
42 (Cold Creek Bar) that constitutes the Central Plateau. Remnant erosional channels, preserved during the
43 waning stages of the paleo-floods, remain visible north of the Inner Area near West Lake and the former
44 Gable Mountain Pond.
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1 The Hanford formation is important because it is the thickest geologic unit (comprising about one-half of
2 the vadose zone thickness in the western Inner Area and nearly all of the vadose zone thickness in the
3 eastern Inner Area) and contaminants must pass through the Hanford formation to reach the CCU and
4 groundwater. The Hanford formation consists predominantly of unconsolidated sediments that range from
5 boulder-size gravel to sand, silty sand, and silt. The sorting ranges from poorly sorted (for gravel facies)
6 to well sorted (for fine sand and silt facies). Under the 200-SW-2 OU on the Central Plateau, the Hanford
7 formation consists predominantly of gravel- and sand-dominated facies, depending on the depositional
8 location within the Cold Creek Flood Bar. The gravel-dominated facies is typically poorly sorted and may
9 contain sand with lesser amounts of silt. In some areas, the gravel-dominated facies may be open

10 framework, containing no fine-grained sediment (sand or silt). The sand-dominated sequence is fairly
11 well sorted and contains distinct, limited lateral extent silt stringers or thin beds marking sand bed
12 depositional boundaries. In most areas on the Cold Creek Flood Bar (Central Plateau), the coarse-grained
13 gravel sequence overlays a much thicker Hanford sand sequence. Also, gravel deposits occur within and
14 near the base of the Hanford formation in some areas.

15 2.5.3.5 Holocene Surficial Deposits
16 Overlying the Hanford formation are recently deposited surficial deposits of eolian (windblown) silt and
17 sand. These surficial materials, particularly in those areas that constitute most of the 200-SW-2 OU waste
18 sites, have been removed or reworked extensively by construction or operational activities.

19 2.5.3.6 Hanford Site Soil Monitoring
20 Radiological monitoring of soil is conducted at a variety of locations: onsite near facilities and operations,
21 onsite away from facilities and operations (site-wide), and offsite at perimeter and distant locations
22 (DOE/RL-2013-18). Soil samples are analyzed for radionuclides that are expected to occur in the areas
23 sampled (i.e., gamma-emitting radionuclides, strontium-90, uranium isotopes, and/or plutonium isotopes).
24 Historically, the predominant radionuclides detected were activation and fission products in the
25 100 Areas, fission products in the 200 and 600 Areas, and uranium in the 300 and 400 Areas. In general,
26 radionuclide concentrations in soil samples collected from or adjacent to waste disposal facilities in 2012
27 were higher than the concentrations in samples collected farther away, including concentrations measured
28 offsite. Soil samples collected in 2012 at locations in the eastern and western portions of the Inner Area
29 were comparable to previous years.

30 2.5.4 Hydrogeology
31 This section provides a general overview of the hydrogeologic characteristics of the Hanford Site, along
32 with descriptions of the 200-SW-2 OU subsurface features relevant to contaminant migration.

33 2.5.4.1 Hydrostratigraphy
34 The Inner Area hydrogeologic designations were determined through borehole logs and integration of
35 these data with stratigraphic correlations from existing reports. The hydrostratigraphic units of interest in
36 the Inner Area include the following:

37 e Recent surficial deposits and the Hanford formation

38 e The CCU (primary vadose zone perching horizons or perched water zones within the western part of
39 the Inner Area)

40 e The Ringold Formation (unconfined in unit E and unit C gravels with semi-confined and confined
41 water-bearing zones in unit A gravels beneath the lower mud sequence)
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1 e The Elephant Mountain Basalt Member (confining horizon)

2 e The Rattlesnake Ridge interbed (a confined water-bearing zone)

3 2.5.4.2 Vadose Zone
4 The thickness and stratigraphy of the vadose zone varies across the Inner Area. In the western Inner Area,
5 the vadose zone thickness ranges from about 67 to 78 m (221 to 255 ft) and the vadose zone is composed
6 of the Hanford formation, the CCUz (silt) and CCU, (carbonate) units, the Ringold Formation upper fines,
7 and part of the Ringold Formation unit E. In the eastern Inner Area, the vadose zone ranges from 70 to
8 82 m (230 to 270 ft) thick and is composed of the Hanford formation, the CCUz (silt) unit, and part of the
9 CCUg (gravel) unit. The unconfined aquifer water table lies within the Ringold unit A in the western Inner

10 Area (PNNL-12261) and within the CCUg (gravel) unit in the eastern Inner Area.

11 2.5.4.3 Uppermost Aquifer
12 The uppermost aquifer is important because it is the first groundwater to be potentially affected by
13 contaminants originating from the 200-SW-2 OU landfills. In the western Inner Area, the uppermost
14 aquifer is contained within the Ringold Formation and displays unconfined to locally confined or
15 semiconfined conditions. In the eastern Inner Area, the uppermost aquifer occurs in the CCUg (gravel)
16 unit, the Hanford formation, and the Basalt Elephant Mountain Fracture Flow Top.

17 In the western Inner Area, the saturated thickness of the unconfined aquifer ranges from 73 to 108 m
18 (240 to 355 ft). In the eastern Inner Area, the saturated thickness of the unconfined aquifer ranges from
19 61 m (200 ft) in the southern portion to zero in the northeastern portion where the aquifer thins and
20 eventually terminates against the basalt located above the water table.

21 The water table elevation, and subsequently the groundwater gradient, flow direction, and flow velocity
22 within the uppermost aquifer have been historically altered by discharges of large quantities of
23 wastewater to the vadose zone in the Inner Area. Historically, large groundwater elevation mounds
24 formed beneath high-volume wastewater discharge sites. Although these large-volume discharges have
25 been discontinued, the transient groundwater elevation mounds have not completely dissipated,
26 particularly in the western Inner Area, where the aquifer occurs in the lower hydraulic conductivity
27 deposits of the Ringold Formation. The residual mounds in the western Inner Area are probably less
28 significant now than are the groundwater mounds and cones of depression created by operation of the
29 200 West Area P&T System. The groundwater elevation mounds historically present in the eastern Inner
30 Area (i.e., those associated with B Pond and Gable Mountain Pond), where the water table is typically
31 found within the CCUg (gravel) unit Hanford formation, have generally dissipated.

32 2.5.4.4 Perched Groundwater
33 There are two main hydrogeologic units beneath the Inner Area that create temporary to pseudo long-term
34 perched intervals under high recharge conditions. Over the long term, these two perching intervals, the
35 CCU and the Ringold Formation lower mud unit, have affected the underlying unconfined aquifer as
36 discussed in the following subsections.

37 Cold Creek Unit-Where present above the water table, primarily within the western Inner Area
38 (Figure 2-1) and locally near the B Complex within the eastern Inner Area (Figure 2-2), the CCU consists of
39 fine sandy silt to silt and/or caliche-rich intervals. These intervals exhibit relatively low hydraulic properties
40 (relative to the overlying coarse unconsolidated Hanford deposits) that result (depending on the infiltration
41 rate) in liquid retention, full saturation (perching), and lateral spreading along the dipping surface of the
42 perching zone upper contact boundary, and within the variably carbonate cemented unit. Data show that,
43 over time, the perched water conditions diminish when the liquid source is reduced or stopped, but that
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1 some areas take many years to decades to drain. Residual elevated moisture and contamination may
2 continue to exist in these intervals long after active liquid disposal ceased. While the CCU is present as a
3 continuous mapped unit that dips to the south beneath most of the western Inner Area, it has variable
4 thickness and the hydraulic properties, while generally very low, vary laterally.

5 Within the western Inner Area perched water conditions have occurred on the CCU and have been
6 documented from the northernmost liquid disposal waste sites (e.g., State-Approved Land Disposal Site
7 [SALDS] and the 216- T Ponds and Ditches) (Figure 2-8) to the southernmost liquid disposal waste sites
8 (U Pond and the 216-S-10 Pond and Ditch). These legacy waste sites, with the exception of the SALDS, are
9 no longer operational and the perched water conditions have dissipated. Several wells were completed and

10 monitored conditions within the perched interval above the CCU near the 216-S-10 Ditch and further north
11 near the U Ditches.

12 In the eastern Inner Area beneath the B Complex area, contaminated liquid effluent is still perched deep
13 in the vadose zone on a basal CCU silt layer just a few meters above the unconfined aquifer
14 (SGW-53604, Path Forward Recommendations Report for the Uranium Contamination in the B Area).
15 The contaminated effluent is believed to be from multiple past-practice sources including the
16 216-B-8 Crib/Tile Field, the 216-B-7A/7B Cribs, and the 241-BX-102 SST overfill event. This
17 contamination is contributing to the large uranium and technetium-99 plumes emanating from beneath the
18 perching zone. A CERCLA removal action is currently extracting the contaminated perched water via a
19 three-well extraction network.

20 Ringold Formation Lower Mud Unit-The second prominent perching horizon, the Ringold Formation
21 lower mud unit (Figure 2-7), consists of a relatively continuous, very fine-grained silt- to clay-rich
22 geologic layer that is located in most areas below the water table of the unconfined aquifer. However, on
23 the eastern margin of the eastern Inner Area, the Ringold Formation lower mud unit is positioned above
24 the regional water table, due to structurally uplifted basalt and other related suprabasalt sediments
25 associated with geologic formation of the Gable Mountain structural lineament (PNNL-12261). Historical
26 high-volume liquid effluent disposal in the eastern Inner Area to the B Ponds and related liquid waste
27 transfer ditches (e.g., 216-A-29) created a huge water table mound caused by effluent infiltration and
28 perching on top of the Ringold Formation lower mud unit (PNNL-12261). This lower mud unit enhanced
29 the artificial water table creating a huge mound and caused a radial groundwater flow pattern across the
30 entire eastern Inner Area during that time; groundwater and contaminants flowed through Gable Gap to
31 the northwest and to the east and southeast near the eastern portion of the eastern Inner Area.

32 Active effluent disposal ceased at most liquid waste disposal sites during the late 1990s, and the mound
33 has rapidly decreased to near pre-Hanford Site operations conditions, again exposing the Ringold
34 Formation lower mud unit above the regional water table (Figure 2-9). This exposure now creates an
35 eastern, downgradient groundwater flow barrier where it is present above the current water table;
36 groundwater flow downgradient out of the eastern Inner Area now is constrained farther south by this
37 exposed formation, and flow to the northwest through Gable Gap is almost undetectable as groundwater
38 conditions return to pre-Hanford Site operations levels. Currently, when active, the nearby effluent
39 disposal at the Treated Effluent Disposal Facility (TEDF) located downgradient of the eastern Inner Area,
40 creates similar, but much smaller, perching and lateral spreading on the elevated Ringold Formation lower
41 mud surface.

42 Overall, the CCU is a significant perching interval beneath the western Inner Area and some portions of
43 the eastern Inner Area within the Central Plateau, and the Ringold Formation lower mud unit creates
44 groundwater flow-path restrictions downgradient of the eastern Inner Area.
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4 Note: Well 299-E33-34 represents LLWMA-1; Well 299-E27-11 represents LLWMA-2.

5 Figure 2-9. Schematic Regional Hydrogeologic Cross Section Passing Northwest to Southeast Beneath the
6 Northern Part of the Eastern Inner Area and Vicinity

7 2.5.4.5 Hydrogeology at LLWMA-3 and LLWMA-4
8 The northwestern landfills associated with the 200-SW-2 OU are located in the northwestern part of the
9 western Inner Area. The following summary is from the investigations and groundwater monitoring

10 conducted at the 218-W-3A, 218-W-3AE, and 218-W-5 Landfills, also known as Low-Level Waste
11 Management Area (LLWMA) 3, and pertains to the 218-W-1A, 218-W-2A, 218-W-3, 218-W-3A,
12 218-W-3AE, 218-W-4A, and 218-W-5 Landfills.

13 Figure 2-10 is a west-east regional cross section passing through the northern part of the western Inner Area.
14 LLWMA-3 is just west of Well 299-W6-3 in the cross section. These landfills are underlain by suprabasalt
15 sediments composed of the Hanford formation, the CCU, and the Ringold Formation. The depth to the water
16 table is 69 to 78 m (227 to 255 ft) bgs, and the suprabasalt aquifer thickness ranges from 60 to 78 m (197 to
17 256 ft) thick. The unconfined aquifer is entirely within the upper coarse gravels of the Ringold Formation
18 beneath the majority of the waste sites. The base of the unconfined aquifer is the Ringold Formation lower
19 mud, except where this unit is not present in the northern portions of LLWMA-3; there, the aquifer base is
20 the top of basalt.

21 Regionally, the groundwater flow beneath LLWMA-3 is generally toward the east, with a calculated
22 gradient of 0.0048 based on data from the groundwater annual report for 2013 (DOE/RL-2014-32,
23 Hanford Site Groundwater Monitoring Reportfor 2013). As previously documented, both water table
24 elevation and flow direction changed because of cessation of most Hanford Site operational practices
25 (DOE/RL-20 10-11, Hanford Site Groundwater Monitoring and Performance Report for 2009:
26 Volumes 1 & 2). However, the flow direction is returning to pre-Hanford Site conditions and is expected
27 to continue to change until the direction is predominantly toward the east (west to east). The expanded
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1 200-ZP-1 OU P&T System will affect groundwater flow in the direction of the recovery wells located just
2 south and east of the 200-SW-2 OU landfills (Figure 2-11).

3 The 200-ZP- 1 OU P&T System is designed to address regional groundwater contaminant plumes
4 composed of carbon tetrachloride and nitrate underlying portions of LLWMA-3 at levels exceeding their
5 drinking water standards (DWSs). Trichloroethene and chloroform also are elevated, but do not exceed
6 standards. Radionuclide concentrations are low or undetectable. The capture zone of the 200-ZP-1 OU
7 P&T System is intended to operate for approximately 25 years and, as planned, should capture any
8 groundwater moving downgradient beneath the 200-SW-2 OU landfills (see Figure 2-11).

9 The southwestern landfills associated with the 200-SW-2 OU are located in the west-central part of the
10 western Inner Area. The following is a summary from the investigations and groundwater monitoring
11 conducted at the 218-W-4B and 218-W-4C Landfills, also known as LLWMA-4, and pertains to the
12 218-W-1, 218-W-2, 218-W-4B, 218-W-4C, and 218-W-1 1 Landfills.

13 Figure 2-12 is a regional west-east cross section passing through the southern part of the western
14 Inner Area. Well 299-W18-1 in the cross section represents LLWMA-4. These landfills are underlain by
15 suprabasalt sediments composed of the Hanford formation, the CCU, and the Ringold Formation.
16 The depth to the water table is 67 to 76 m (219 to 249 ft) bgs, and the aquifer thickness ranges from 64 to
17 69 m (210 to 226 ft) thick. The unconfined aquifer is entirely within the upper coarse gravels of the
18 Ringold Formation, and the base of the unconfined aquifer is the Ringold Formation lower mud.
19 A confined aquifer lies below the Ringold lower mud unit within the Ringold Formation unit A (basal
20 coarse unit).

21 Based on the groundwater annual report for 2013 (DOE/RL-2014-32), the groundwater flow beneath
22 these landfills is generally to the east-northeast, with a gradient of approximately 0.006. The groundwater
23 flow was initially affected to a very large degree by the interim 200-ZP-1 OU P&T System, which has
24 extraction wells located directly to the east of the landfills and injection wells directly to the west of the
25 landfills. The expanded 200-ZP-1 OU P&T System has a similar effect, but it is larger in magnitude than
26 the initial system.

27 2.5.4.5.1 Hydrogeology at LLWMA-1 and LLWMA-2
28 The northwestern corner of the eastern Inner Area pertains to the 218-E-2, 218-E-2A, 218-E-4, 218-E-5,
29 218-E-5A, 218-E-9, and 218-E-10 Landfills. The following summary is from the investigations and
30 groundwater monitoring conducted at the 218-E-10 Landfill, also known as LLWMA-1. Wells 299-E28-26
31 and 299-E33-29 in Figure 2-13, and 299-E33-34 in Figure 2-9, represent LLWMA-1.

32 The Hanford formation directly underlies these sites. The depth to the water table ranges between 71 and
33 88 m (233 and 289 ft) bgs, and the unconfined aquifer is between 2 and 11 m (6.6 to 38 ft) thick. The thin,
34 unconfined aquifer is contained in the sand and gravel of the either the Hanford formation or CCU coarse
35 gravel (described as Hanford formation "undifferentiated"' on the cross sections), which directly overlies
36 the basalt.

37 Groundwater flow was toward the north (DOE/RL-2008-0 1, Hanford Site Groundwater Monitoringfor
38 Fiscal Year 2007) during operations, but today groundwater flow direction appears to be variable between
39 flow to the north toward Gable Gap and flow to the southeast. However, considerable uncertainty
40 remains, because artificially elevated water levels have declined to near natural levels and differences in
41 water-level elevations are within the range of measurement error.

42
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Figure 2-10. Schematic Regional Hydrogeologic Cross Section Passing West to East Beneath the Southern Part of the Western Inner Area and Vicinity
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1 Formerly, the direction of groundwater flow diverged beneath the eastern Inner Area, with some water
2 flowing toward the north through Gable Gap and some flowing southeast through the 200-PO-I OU
3 toward the Columbia River. This condition changed during 2011; flow is now toward the south and
4 southeast across much of the eastern Inner Area. The change can be attributed to the following three
5 factors (DOE/RL-2013-22, Hanford Site Groundwater Monitoring Report for 2012):

6 e Higher than normal Columbia River stage during the summer months of 2011 and 2012, which
7 caused higher water levels to the north of the eastern Inner Area in Gable Gap

8 e The long-term decline of the water table in the eastern Inner Area

9 e The lack of high-volume discharges to the TEDF located east of the 200 East Area since 2010, which
10 has contributed to the lower water levels in the eastern Inner Area

11 The northeastern corner of the eastern Inner Area pertains to the 218-E-8, 218-E-12A, and
12 218-E-12B Landfills. The following summary is from the investigations and groundwater monitoring
13 conducted at the 218-E-12B Landfill, also known as LLWMA-2. Well 299-E34-1 1 in Figure 2-13 and
14 Well 299-E27-1 1 in Figure 2-9 represent LLWMA-2.

15 These landfills are directly underlain by the Hanford formation. The Ringold Formation is absent beneath
16 the landfills but is present west and east of the eastern Inner Area (Figures 2-10 and 2-11). The depth to
17 the water table is 74 to 69 m (226 to 243 ft) bgs, and the aquifer thickness ranges from 0 to approximately
18 3 m (0 to 10 ft) thick at the 218-E-12B Landfill (LLWMA-2). Wells in the north portion of LLWMA-2
19 are all dry, and the water table has dropped below the top of the basalt bedrock.

20 Where present, the unconfined aquifer is contained in the sand and gravel of the Hanford formation,
21 which directly overlies the basalt. The groundwater gradient in this part of the eastern Inner Area is
22 almost flat, making the determination of groundwater flow direction difficult.

23 Recent characterization and well-installation activities at the Liquid Effluent Retention Facility (LERF)
24 resulted in identifying a fractured flow-top beneath this region, which possibly extends west beneath the
25 218-E-12B Landfill. The fractured flow-top thickness map (Figure 2-9) and cross sections (Figures 2-10,
26 2-12, and 2-13) indicate the interpreted extent and thickness of this unit. Four wells installed at LERF
27 were completed largely or entirely in this fractured flow-top material and yielded adequate water to allow
28 for groundwater monitoring at LERF. Further evaluations of the extent of this unit and hydraulic
29 relevance to the overlying unconfined aquifer are ongoing.

30 Another eastern Inner Area pertains to the 218-C-9 and 218-E-1 Landfills, located south of LLWMA-2,
31 where the aquifer is thicker. Interpretations in this area are primarily from PNNL- 12261. Figure 2-14 is a
32 cross section showing the geology beneath these sites. Wells 299-E24-8 and 299-E27-1 represent the
33 218-C-9 Landfill. Well 299-E24-7 represents the 218-E-1 Landfill.

34 The uppermost aquifer beneath the 218-C-9 Landfill is in the sand and gravel of the Hanford formation.
35 The base of the aquifer is either a fine-grained portion of Ringold basal coarse or the basalt surface
36 (Figure 2-14) at an elevation of approximately 100 m (305 ft) above mean sea level (amsl). The hydraulic
37 head was approximately 122 m (400 ft) amsl in March 2007, so the aquifer is approximately 22 m (72 ft)
38 thick. The flow direction is difficult to determine due to the flat water table. At nearby WMA C, the flow
39 direction is interpreted to be toward the southwest (DOE/RL-2008-01). The groundwater gradient in this
40 part of the eastern Inner Area is almost flat, making the determination of groundwater flow
41 direction difficult.

42
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3 Figure 2-12. Schematic Regional Hydrogeologic Cross Section Passing West to East Beneath the Southern Part of the Western Inner Area and Vicinity
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Figure 2-13. Schematic Regional Hydrogeologic Cross Section Passing West to East Beneath the Northwestern Portion of the Eastern Inner Area and Vicinity
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Figure 2-14. Schematic Regional Hydrogeologic Cross Section Passing North to South Beneath the Eastern Inner Area
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1 The uppermost aquifer beneath the 218-E-I Landfill is in the sand and gravel of the Hanford formation
2 and perhaps Ringold Formation (Figure 2-14). The base of the aquifer is inferred to be a fine-grained
3 portion of Ringold Formation unit A at an elevation of approximately 88 m (290 ft) amsl. Hydraulic head
4 is approximately 122 m (400 ft) amsl at this location (DOE/RL-2008-01), so the aquifer is 34 m (112 ft)
5 thick. The flow direction is difficult to determine because of the flat water table. However, at the nearby
6 Integrated Disposal Facility (IDF), flow direction is interpreted to be toward the east or southeast
7 (DOE/RL-2008-01).

8 2.6 Groundwater Operable Units

9 The Hanford Site is divided into 12 separate groundwater OUs, as depicted in Figure 2-15. Depending on
10 their location, the 24 landfills overlie 1 of 4 groundwater OUs (200-ZP-1, 200-UP-1, 200-BP-5, or
II 200-PO-1). Groundwater contaminant plumes are attributed primarily to past operations of land-based
12 liquid waste disposal facilities (e.g., ponds, ditches, and cribs) and other liquid waste management
13 facilities (e.g., reverse wells, leaking underground storage tanks, and pipelines).

14 2.6.1 200-ZP-1 Groundwater Operable Unit
15 The 200-ZP-I Groundwater OU includes the northern and central parts of the western Inner Area and the
16 western 600 Area (Figures 2-16 and 2-17). The 200-SW-2 OU landfills within this OU boundary include
17 LLWMA-3. Groundwater is monitored to assess the performance of a P&T system for carbon
18 tetrachloride contamination, to track other contaminant plumes, and to monitor and assess RCRA TSD
19 units and effluent disposal from SALDS. Data from facility-specific monitoring also are integrated into
20 CERCLA groundwater investigations. The groundwater contamination plumes of interest in this area
21 include carbon tetrachloride, chloroform, trichloroethene, nitrate, chromium, fluoride, tritium, iodine-129,
22 technetium-99, and uranium (Figures 2-16 and 2-17).

23 The 200-ZP-I OU ROD (EPA et al., 2008) defines the remedy for the 200-ZP-I OU. The ROD also
24 presents the selected remedy for the 200-ZP-I Groundwater OU.

25 A groundwater P&T system has been designed and installed and is operating in accordance with an
26 approved RDR/RAWP. The system is designed to capture and treat contaminated groundwater to reduce
27 the mass of carbon tetrachloride, total chromium (trivalent chromium and hexavalent chromium), nitrate,
28 trichloroethylene, iodine-129, and technetium-99 throughout the 200-ZP-I OU by a minimum of
29 95 percent in 25 years. The P&T component has been implemented in combination with monitored
30 natural attenuation (MNA) to achieve cleanup levels listed for all contaminants of concern (COCs) in
31 125 years. The estimated pumping rate required to reduce the mass of COCs by 95 percent in 25 years is
32 6,057 L/min (1,600 gal/min).

33 In addition to the P&T system, natural attenuation processes are expected to reduce concentrations of
34 some of the contaminants to below the cleanup levels. These natural attenuation processes include abiotic
35 degradation, dispersion, sorption, and natural radioactive decay. Monitoring will be employed in
36 accordance with the approved RD/RA documents to evaluate the effectiveness of the P&T system and
37 natural attenuation processes. Fate and transport analyses conducted as part of the FS (DOE/RL-2007-28,
38 Feasibility Study Report for the 200-ZP-1 Groundwater Operable Unit) indicate that the timeframe
39 necessary to reduce the remaining COC concentrations to acceptable levels through MNA will be
40 approximately 100 years. Modeling also indicates that this portion of the plume will remain on the
41 Central Plateau geographic area during this timeframe.

42

2-45



DOE/RL-2004-60, DRAFT B
MARCH 2015

r-

L.L

--r 100H
100-NR-2 '100D

\ 1.0HR-

100-KR-4 + - 4>

100F7
100-EC-5 iWs

100-FR-3

10OBC-
IJ a

I.

N

L

200-BP-5

200-ZP-1-

I i

A0L-

- - -- - -

7-

ml~-. -S.

..... . ..

Groundwater Interest Areas

100-BC

100-FR

100-HR-D

100- HR-H

100-KR

100 NR

11DO-EM r Han'ord Srte Boundary

200-BP Former Operational Boundary

200-P0 9 Groundwater Operabe
2 P Unt Boundary

7m-aP Inner Area Boundary

200-ZP Outer Area Bouradary

300-FF Basalt Above V4ater Table (201 3)
Burial Solid Waste Landifills 0 2.5 5 75 10 kr-
andTrerches a I i

0 2 4 mi

L

On FF

44-

Tin-FF-5

300-IFF-6

300

1100-EM-1 --- .

Figure 2-15. Hanford Site Groundwater OUs and Areas of Interest

2-46

I-

I.-
.1-

4 I

a
- - 4 I

- I

1
2

W



DOE/RL-2004-60, DRAFT B
MARCH 2015

S

IS
*

S ~~**

LI:

- I

S ERDF

a

2013 Contaminant Plumes

* RCRA Monitoring Well
* Groundwater Monitoring Well

lodine-129 (1 pCi/L)
Strontium-90 (8 pClL)

Technetium-99 (900 p~llL)

Tritium (20,000 pCi/L)

Uranium (30 pg/L)
ZI-SGSW2714082T h

Burial Solid Waste Landifills
and Trenches

Groundwater Operable Unit

Former Operational Area

0 0.25 0.5 0.75 1 km

0 I 0I i
0 0.1 0.2 0.3 0.4 0.5 m1 i I

Figure 2-16. Western Inner Area Showing the Groundwater OUs and Radiological Groundwater
Contamination Plumes

2-47

. S *

.-)"

1
:1

SI

~ r
355 9$ S S

OS

S

I0

200W

S I

1
2
3

I



DOE/RL-2004-60, DRAFT B
MARCH 2015

200W

SII

EROF

2013 Contaminant Plumes

* RCRA Monitori ng Well

* Groundwater Monitoring Well

Carbon Tetrachloride (5 pg/L)

Chromium (100 pg/L)

Nitrate (45 mg/L)

Trichloroethene (5 pg/L)

JHtSGW2D1 5C24S

Burial Solid Waste Landifills
and Trenches

Groundwater Operable Unit

Former Operational Area

0 0.25 0.5 0.75 1 km

0 0- 02 0-3 A 0.5 mi

2-48

1
2
3

Figure 2-17. Western Inner Area Showing the Groundwater OUs and Nonradiological Groundwater
Contamination Plumes

0 1

V -----------------



DOE/RL-2004-60, DRAFT B
MARCH 2015

1 Monitoring is required over the life of the action to evaluate its performance and optimize its
2 effectiveness and shall be conducted in accordance with the approved RD/RA documents. For the
3 MNA component, monitoring locations, POCs, and specifications will be developed as part of the
4 RD/RA documents that will provide data on performance, including data indicating whether the key
5 mechanisms of natural attenuation are performing in a manner that satisfies the remedy requirements
6 and schedule.

7 The final CERCLA cleanup process for the 200-ZP-1 OU is described in a series of regulatory
8 documents, including the following:

9 e DOE/RL-2003-55, Remedial Investigation/Feasibility Study Work Plan for the
10 200-ZP-1 Groundwater Operable Unit, prepared in fiscal year (FY) 2004 and implemented
11 in FY 2005

12 e DOE/RL-2006-24, Remedial Investigation Report for the 200-ZP-1 Groundwater Operable Unit,
13 published in October 2006

14 e DOE/RL-2007-28, Feasibility Study Report for the 200-ZP-1 Groundwater Operable Unit

15 e DOE/RL-2007-33, Proposed Plan for Remediation of the 200-ZP-1 Groundwater Operable Unit,
16 completed in July 2008

17 e DOE/RL-2008-78, 200 West Area 200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action
18 Work Plan, for implementing all of the tasks for design, installation, and operation of the
19 200 West Area P&T system (as set forth in the final ROD), completed in July 2009

20 The COCs include carbon tetrachloride, trichloroethylene, iodine-129, technetium-99, nitrate, hexavalent
21 chromium, total chromium, and tritium. The final remedy addresses contamination throughout the vertical
22 extent of the aquifer.

23 The remedial action objectives (RAOs) identified in the ROD include returning the 200-ZP-1 OU
24 groundwater to beneficial use, applying institutional controls to prevent use of groundwater until the
25 cleanup levels have been attained, and protecting the Columbia River from degradation and unacceptable
26 impacts caused by contamination from the 200-ZP-1 OU. RAOs are achieved through four remedy
27 components:

28 e MNA

29 e Institutional controls

30 e Flow-path controls

31 e A P&T system

32 The final P&T network will include at least 36 injection and extraction wells. The 200-ZP-1
33 Groundwater OU remedial action will capture and treat contaminated groundwater beneath some
34 200-SW-2 OU landfills.

35 2.6.2 200-UP-1 Groundwater Operable Unit
36 The 200-UP-I Groundwater OU is located in the southern portion of the western Inner Area and adjacent
37 portions of the surrounding 600 Area (Figures 2-16, and 2-17). The 200-SW-2 OU solid waste landfill
38 218-W-4C overlies a portion of this groundwater OU.

39 With the exception of the Environmental Restoration Disposal Facility (ERDF), the other facilities and
40 waste sites overlying the 200-UP-I Groundwater OU are associated with early operation of the
41 REDOX Plant (plutonium and uranium separation) and U Plant (uranium recovery). DOE conducts
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1 groundwater monitoring in the 200-UP-I Groundwater OU under CERCLA and under RCRA for
2 WMAs U and S-SX and the 216-S-10 Pond and Ditch. Monitoring of radionuclides is also performed to
3 meet Atomic Energy Act of 1954 (AEA) requirements.

4 Groundwater monitoring within the 200-UP-I Groundwater OU is performed under a sampling schedule
5 incorporated into the RD/RA work plan (DOE/RL-2013-07, 200-UP-I Groundwater Operable Unit
6 Remedial Design/Remedial Action Work Plan). Technetium-99, uranium, tritium, iodine-129, nitrate,
7 chromium, and carbon tetrachloride form extensive groundwater plumes in the area. These contaminants
8 originated from past liquid waste disposal operations in this area except for carbon tetrachloride which
9 has migrated into the 200-UP-I Groundwater OU from the 200-ZP- 1 Groundwater OU. The contaminants

10 chloroform, 1,4-dioxane, strontium-90, selenium-79, and trichloroethene (TCE) have been found in
11 groundwater to a limited extent and are routinely sampled in selected wells.

12 Within the 200-UP-I Groundwater OU, groundwater occurs as an unconfined aquifer and as confined
13 aquifers beneath the Ringold Formation lower mud unit and between the basalt flows. The unconfined
14 aquifer is the aquifer directly impacted by past waste disposal operations. The unconfined aquifer occurs
15 within Ringold unit E; its base is the fine-grained Ringold Formation lower mud unit (Figure 2-7).

16 Depths from land surface to the water table range from 64 to 106 m (210 to 348 ft), with the largest
17 depths occurring in the northeastern portion of the OU. The thickness of the unconfined aquifer varies
18 from 70 m (230 ft) in the western portion of the OU to near zero north of the OU boundary where the top
19 of the lower mud unit has been extrapolated to occur above the water table. The water-table elevations in
20 the western Inner Area and resultant groundwater gradients have been historically affected by large-
21 volume waste water discharges. Currently groundwater flow in the unconfined aquifer is toward the east
22 within the southern western Inner Area and toward the east-northeast in the eastern portion of the OU
23 (DOE/RL-2014-32).

24 An interim action ROD addressing all of the major contaminant plumes within the 200-UP-I OU was
25 published during September 2012 (EPA et al., 2012). This ROD superseded the prior interim action ROD
26 issued in 1997 (EPA/ROD/R10-97/048, Interim Remedial Action Record ofDecisionfor the
27 200- UP-I Operable Unit, Hanford Site, Benton County, Washington). The selected remedy in the
28 2012 ROD consists of a combination of the following:

29 e Groundwater extraction and treatment for technetium-99, uranium, and chromium

30 e A combination of P&T system and MNA for nitrate and carbon tetrachloride

31 e MNA for tritium

32 e Hydraulic containment for iodine-129 while treatment technologies are investigated

33 e Institutional controls

34 CERCLA activities during 2013 included continued groundwater monitoring, continued operation of a
35 groundwater extraction system downgradient from the S-SX Tank Farms, and publication of an
36 RD/RA work plan (DOE/RL-2013-07). The third CERCLA 5-year review (DOE/RL-2011-56,
37 Hanford Site Third CERCLA Five-Year Review Report) identified no issues pertaining to the 200-UP-1
38 Groundwater OU.

39 2.6.3 200-BP-5 Groundwater Operable Unit
40 The 200-BP-5 Groundwater OU interest area addresses groundwater contaminant plumes beneath the
41 northern half of the eastern Inner Area and adjacent portions of the surrounding 600 Area (Figures 2-15,
42 2-18, and 2-19). This groundwater OU underlies RCRA TSD units and RCRA and CERCLA past-
43 practice units in the north part of the eastern Inner Area and extends north to Gable Gap. Eleven solid
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1 waste landfills overlie the 200-BP-5 Groundwater OU (218-E-2, 218-E-2A, 218-E-4, 218-E-5, 218-E-5A,
2 218-E-8, 218-E-9, 218-E-10, 218-E-12A, 218-E-12B, and 218-C-9 Landfills).

3 Technetium-99 and uranium have been identified as contaminants of potential concern (COPCs) in the
4 200-BP-5 Groundwater OU. Perched water contamination, discussed in the previous section, has affected
5 the groundwater in the 200-BP-5 OU beneath the B Complex area contributing to these two plumes.
6 Other groundwater contaminants include cyanide, strontium-90, tritium, iodine- 129, and nitrate.
7 Groundwater is monitored in this OU to define the regional extent of technetium-99, uranium, and other
8 significant contaminants across the OU, as well as the local extent of contamination associated with
9 specific RCRA TSD units in the area. Groundwater remediation is not performed in the 200-BP-5 OU;

10 however, a CERCLA Removal Action to reduce the risk of groundwater contamination is being
11 conducted at the 200-DV-I OU by extracting contaminated perched water above the unconfined aquifer
12 beneath the B Complex area.

13 DOE/RL-2010-74, Treatability Test Plan for the 200-BP-5 Groundwater Operable Unit, identified the
14 need for 15 additional wells to resolve the future impact to groundwater, improve the understanding of
15 contaminant nature and extent within the aquifer, and refine the groundwater flow direction. Fieldwork
16 began in 2006 and continued through 2010. Depth-discrete samples were collected at 14 existing wells
17 within the 200-BP-5 OU. The samples were collected to evaluate the vertical extent of contamination
18 beneath, adjacent, and downgradient of waste sites where contaminant infiltration is thought to
19 be occurring.

20 The COCs defined in DOE/RL-2001-49, Groundwater Sampling and Analysis Plan for the
21 200-BP-5 Operable Unit, include nitrate, iodine-129, technetium-99, uranium, strontium-90, cyanide,
22 cobalt-60, cesium-137, plutonium-239/240, and tritium. Routine CERCLA groundwater monitoring
23 requirements are described in the 200-BP-5 RI/FS work plan (DOE/RL-2010-74). Two reports associated
24 with a treatability test near WMA B/BX/BY Tank Farm were written: SGW-44329, 200-BP-5 OU Data
25 Quality Objectives Summary Report, and DOE/RL-2010-74.

26 2.6.4 200-PO-1 Groundwater Operable Unit
27 The 200-PO-1 Groundwater OU interest area addresses groundwater contaminant plumes beneath the
28 southern portion of the eastern Inner Area and a large triangular portion of the Hanford Site extending to
29 the Hanford townsite and the Columbia River. Only one solid waste landfill, the 218-E-I Landfill,
30 overlies the 200-PO-1 Groundwater OU. Within the 200-PO-1 Groundwater OU, tritium, nitrate, and
31 iodine-129 are the contaminants with the largest plumes in groundwater. Other COPCs in more localized
32 areas include strontium-90 and technetium-99. COPCs also include arsenic, chromium, manganese,
33 vanadium, cobalt-60, cyanide, and uranium. Additional information, including a discussion of other
34 contaminants detected in the groundwater, can be found in DOE/RL-2014-32.

35 2.7 Surface Water Hydrogeology

36 Primary surface water features associated with the Hanford Site are the Columbia and Yakima Rivers.
37 Groundwater in the unconfined aquifer beneath the 200-SW-2 OU eventually discharges to the Columbia
38 River east and southeast of the Central Plateau.

39
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1 The Columbia River flows through the northern and eastern margins of the Hanford Site. Routine water
2 quality monitoring of the Columbia River is conducted by DOE for radiological and nonradiological
3 parameters. In general, the Columbia River water is characterized by a very low suspended load, a low
4 nutrient content, and an absence of microbial contaminants (DOE/RW-0 164, Site Characterization Plan:
5 Reference Repository Location, Hanford Site, Washington).

6 About one-third of the Hanford Site is drained by the Yakima River system. Cold Creek and its tributary,
7 Dry Creek, are ephemeral streams on the Hanford Site that are within the Yakima River drainage system.
8 Both streams drain areas along the western portion of the Hanford Site and cross the southwestern part of
9 the Hanford Site toward the Yakima River. Surface flow, which may occur during spring runoff or after

10 heavier-than-normal rain events, typically infiltrates and disappears into the surface sediments before
11 reaching the Yakima River. Rattlesnake Springs, located on the western part of the Hanford Site, forms a
12 small surface stream that flows for about 2.9 km (1.8 mi).

13 2.8 Environmental Resources

14 Because of the long-standing management practices of DOE, most of the land on the Hanford Site is
15 relatively undisturbed. The Site is surrounded by agricultural and residential development. Hanford is one
16 of the last large areas of relatively undisturbed shrub-steppe habitats in Washington.

17 The ecological setting has been characterized using a compilation of data from biological inventories of
18 plants and wildlife plus ecological characterizations from the following reports:

19 * The Nature Conservancy (TNC) of Washington's Sitewide geographic information system-based
20 plant community mapping for all areas outside the Hanford Site boundaries and biodiversity surveys
21 of mammals, birds, reptiles, amphibians, insects, and plants between 1994 and 1998 in three annual
22 reports (Pabst, 1995, Biodiversity Inventory and Analysis of the Hanford Site, 1994 Annual Report;
23 Soll and Soper, 1996, Biodiversity Inventory and Analysis of the Hanford Site, 1995 Annual Report;
24 and Hall, 1998, Biodiversity Inventory and Analysis of the Hanford Site, 1997 Annual Report), and
25 a final report in 1999 (Soll et al., 1999, Biodiversity Inventory and Analysis of the Hanford Site, Final
26 Report 1994-1999).

27 e Central Plateau ecological data compilation (PNNL-13230, Hanford Site Environmental Reportfor
28 Calendar Year 1999; PNNL-13331, Population Characteristics and Seasonal Movement Patterns of
29 the Rattlesnake Hills Elk Herd - Status Report 2000; PNNL-13487, Hanford Site Environmental
30 Report for Calendar Year 2000; and PNNL-13745, Hanford Site Ecological Quality Profile)

31 e Characterization of vegetative communities associated with the Inner Area facilities at the
32 Hanford Site (WHC-SD-EN-TI-216, Vegetation Communities Associated with the 100-Area and
33 200-Area Facilities on the Hanford Site)

34 e Vascular plants of the Hanford Site (PNNL-13688, Vascular Plants of the Hanford Site)

35 e Hanford Site biological resource management plan (using TNC and other characterization reports),
36 identifying four levels of habitat value and appropriate management strategies for the Hanford Site
37 (DOE/RL-96-32, Hanford Site Biological Resources Management Plan)

38 The Hanford Site is characterized as a cool desert or a shrub-steppe and supports a biological community
39 typical of this environment. The Central Plateau contains a number of plant, mammal, bird, reptile,
40 amphibian, and insect species, as discussed in the following subsections.
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1 2.8.1 Vegetation of the Central Plateau
2 The vegetation of the Central Plateau is characterized by native shrub-steppe interspersed with large areas
3 of disturbed ground with a dominant annual grass component. The native stands are classified as
4 an Artemisia tridentata/Poa sandbergii - Bromus tectorum community (PNL-2253, Ecology of the
5 200 Area Plateau Waste Management Environs: A Status Report), meaning that the dominant shrub is big
6 sagebrush (Artemisia tridentata) and the understory is dominated by the native Sandberg's bluegrass
7 (Poa sandbergii) and the introduced annual cheatgrass (Bromus tectorum). Other shrubs that are typically
8 present include gray rabbitbrush (Chrysothamnus nauseosus), green rabbitbrush (C. viscidiflorus), spiny
9 hopsage (Grayia spinosa), and occasional antelope bitterbrush (Purshia tridentata). Other native

10 bunchgrasses that are typically present include bottlebrush squirreltail (Sitanion hystrix), Indian ricegrass
11 (Achnatherum hymenoides), needle-and-thread (Stipa comata), and prairie junegrass (Koeleria cristata).
12 Common and important herbaceous species include turpentine cymopteris (Cymopteris terebinthinus),
13 globemallow (Sphaeralcea munroana), balsamroot (Balsamorhiza careyana), several milk vetch species
14 (Astragalus caricinus, A. sclerocarpus, A. succumbens), long-leaf phlox (Phlox longifolia), the common
15 yarrow (Achillea millifolium), pale evening-primrose (Oenothera pallida), thread-leaf phacelia (Phacelia
16 linearis), and several daisy/fleabane species (Erigeron poliospermus, E. Filifolius, and E. pumilus). More
17 than 100 plant species have been documented in native stands on the Central Plateau.

18 Disturbed communities on the Central Plateau are primarily the result of mechanical disturbance or range
19 fires. Mechanical disturbance, construction activities, soil borrow areas, road clearings, and fire breaks
20 result in changes to native plant communities. If the disturbed areas on the Central Plateau are not
21 revegetated with native plants species (as is currently done in the River Corridor), they will become
22 dominated by cheatgrass and other non-native invasive species.

23 The vegetation in and around the ponds and ditches in the Inner Area is significantly different from that of
24 the surrounding dry land areas. Several tree species are present, especially cottonwood (Populus
25 trichocarpa) and willows (Salix spp.). Wetland species also are present, including several sedges
26 (Carex spp.), bulrushes (Scirpus spp.), cattails (Typha latifolia and T. angustifolia), and pond weeds
27 (Potamogeton spp.).

28 2.8.2 Mammals
29 Although mule deer (Odocoileus hemionus) are much more common to riparian sites along the Columbia
30 River, they are frequently observed foraging throughout the Central Plateau. The largest mammal living
31 on the Central Plateau is the elk (Cervus elaphus). A herd of 772 elk also occur on the Hanford Site, with
32 a herd of 22 regularly occupying areas around the northern portion of central Hanford (HNF-54666, Elk
33 Monitoring Reportfor Calendar Year 2012). Other mammal species common to the Central Plateau
34 include badgers (Taxidea taxus), coyotes (Canis latrans), blacktail jackrabbits (Lepus calfornicus),
35 Townsend ground squirrels (Spermophilus townsendii), Great Basin pocket mice (Perognathusparvus),
36 pocket gophers (Thomomys talpoides), and deer mice (Peromyscus maniculatus). Badgers are known for
37 their digging capability and have been implicated several times for tunneling into inactive burial grounds
38 throughout the Central Plateau. Most badger excavations in the Central Plateau are a result of badgers
39 searching for prey (e.g., mice and ground squirrels). Coyotes are the principal predators, consuming such
40 prey as rodents, insects, rabbits, birds, snakes, and lizards. The Great Basin pocket mouse is the most
41 abundant small mammal, which thrives in sandy soils and lives entirely on seeds from native and
42 revegetated plant species. Townsend ground squirrels are not abundant in the Central Plateau, but they
43 have been seen at several different sites.

44 Other small mammals that live in low numbers include the western harvest mouse (Reithrodontomys
45 megalotis) and the grasshopper mouse (Onychomys leucogaster). Mammals associated more closely with
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1 buildings and facilities include Nuttall's cottontails (Sylvilagus nuttallii), house mice (Mus musculus),
2 Norway rats (Rattus norvegicus), and some bat species. Nine bat species have been identified at the
3 Hanford Site (HNF-53759, Summer Bat Monitoring Reportfor Calendar Year 2012). Five locations for
4 the 2012 summer survey were within the Inner Area, some with bats observed. Mammals such as skunks
5 (Mephitis mephitis), raccoons (Procyon lotor), weasels (Mustela spp.), porcupines (Erethizon dorsatum),
6 and bobcats (Lynx rufus) have only been observed on very few occasions.

7 2.8.3 Birds
8 More than 235 species of birds have been documented to occur at the Hanford Site (WHC-EP-0402,
9 Status of Birds at the Hanford Site in Southeastern Washington). At least 100 of these species have been

10 observed in the Inner Area. The most common passerine birds include starlings (Sturnus vulgaris), homed
11 larks (Ermophila alpestris), meadowlarks (Sturnella neglecta), western kingbirds (Tyranus verticalis),
12 rock doves (Columba livia), barn swallows (Hirundo rustica), cliff swallows (Hirundo pyrrhonota),
13 black-billed magpies (Pica pica), and ravens (Corvus corax). Common raptors include the northern
14 harrier (Circus cyaneus), American kestrel (Falco sparvarius), and red-tailed hawk (Buteojamaicensis).
15 Swainson's hawks (Buteo swainsoni) sometimes nest in the trees at some of the army bunker sites that
16 were used in the 1940s. Golden eagles (Aquila chrysaetos) are observed infrequently. Burrowing owls
17 (Athene cunicularia) nest at several locations throughout the Inner Area. The most common upland game
18 birds found in the Inner Area are California quail (Callipepla californica) and Chukar partridge
19 (Alectoris chukar); however, ring-necked pheasants (Phasianus colchicus) and gray partridges (Perdix
20 perdix) may be found in limited numbers. The only native game bird common to the Central Plateau is the
21 mourning dove (Zenaida macroura), which migrates south each fall. Other species of note that nest in
22 undisturbed sagebrush habitats in the Central Plateau include sage sparrows (Amphispiza belli) and
23 loggerhead shrikes (Lanius ludovicianus). Long-billed curlews (Numenius americanus) also use the
24 sagebrush areas and revegetated burial grounds for nesting and foraging.

25 Waterfowl and aquatic birds formerly inhabited areas with running or standing water; however, these
26 areas have been removed through stabilization and remedial action cleanup activities. No substantial
27 bodies of open water remain in the Central Plateau.

28 2.8.4 Reptiles and Amphibians
29 Common reptiles include gopher snakes (Pituophis melanoleucus) and sideblotched lizards
30 (Uta stansburiana). Other reptiles and amphibians that are infrequently observed include sagebrush
31 lizards (Sceloporus graciosus), horned toads (Phrynosoma douglassii), western spadefoot toads
32 (Scaphiopus intermontana), yellow-bellied racers (Coluber constrictor), Pacific rattlesnakes
33 (Crotalus viridis), and striped whipsnakes (Masticophis taeniatus). Both lizards and snakes are prey items
34 of mammalian and avian predators.

35 2.8.5 Insects
36 Hundreds of insect species inhabit the Central Plateau. Two of the most common groups of insects
37 include several species of darkling beetles and grasshoppers. Harvester ants also are common and have
38 been implicated in the uptake of radionuclides from some of the burial grounds in the eastern Central
39 Plateau. The maximum documented burrowing depth of harvester ants at the Hanford Site, and depth
40 from which ants can excavate and bring up material, is 270 cm (8.9 ft) (Sample et al., 2015, "Depth of
41 the Biologically Active Zone in Upland Habitats at the Hanford Site, Washington: Implications for
42 Remediation and Ecological Risk Management"; PNL-2774, Characterization of the Hanford 300 Area
43 Burial Grounds, Task IV, Biological Transport). Insects affect the surrounding plant community and
44 serve as the prey base for many species of birds, reptiles, and mammals.
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1 3 Initial Evaluation

2 This chapter summarizes the current understanding of site conditions for the 200-SW-2 OU landfills and
3 the adequacy of the existing information to support remedy decisions. The descriptions for the landfills
4 include the nature and extent of contamination. This chapter also introduces the characterization strategy
5 developed in conjunction with DOE and Ecology over the course of several months in calendar
6 year 2014, and the results of previous characterization activities. Finally, this chapter summarizes the
7 elements of the preliminary risk assessment, CSMs, baseline risk analysis, COPC discussion, and PRGs.

8 3.1 Contaminant Sources

9 As discussed in Chapter 2, landfills in the 200-SW-2 OU received solid wastes (e.g., bulk quantities of
10 trash, construction debris, soiled clothing, failed equipment, and laboratory and process waste).
11 The wastes were placed into the landfills directly or packaged (e.g., in cardboard, wooden, or fiber
12 reinforced polyester boxes, steel drums, concrete burial vaults, or other containers). Some wastes were
13 contaminated with radionuclides, organics, and/or inorganic chemicals from various facilities
14 (mainly from the Hanford Site 200 Area). Relatively small amounts of wastes from the 100 and 300 Areas
15 and from offsite sources were placed in the landfills (mostly in the RCRA TSD units).

16 3.1.1 Historical Documentation of Contaminant Inventories
17 The following sources estimate an inventory of the typical radionuclides and chemicals disposed in the
18 200-SW-2 OU landfills:

19 e Hanford Environmental Information System database

20 e SWITS database

21 e WIDS database

22 e ARH-2762, Input and Decayed Values of Radioactive Solid Wastes Buried in the 200 Areas
23 Through 1971

24 e DOE/RL-96-8 1, Waste Site Grouping for 200 Areas Soil Investigations

25 e RHO-CD-673, Handbook 200 Areas Waste Sites

26 e WHC-EP-0125-1, Summary ofRadioactive Solid Waste Received in the 200 Areas During Calendar
27 Year 1988

28 e WHC-EP-0912, The History of the 200 Area Burial Ground Facilities

29 Sources of information for 200-SW-2 OU contaminant inventories vary widely among the different
30 landfills. An effort begun in 2004 continues to reconcile and combine sources of information to obtain
31 data based on the best knowledge available.

32 The following was determined:

33 e Nearly 147,000 historical records are available that document the contents of waste disposed at the
34 radioactive landfills. Estimated quantities of plutonium and uranium that were disposed in the
35 landfills are available.

36 e 42 percent list other radiological contaminants

37 e 43 percent generally describe the waste components (e.g., plastic, wood, and paper)
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1 e 36 percent have detailed descriptions of the waste (such as "failed dissolver from REDOX" or "drums
2 of depleted uranium")

3 e About 29,000 records are associated with wastes that are not in the scope of this work plan,
4 (i.e., RSW-TRU and MLLW disposed in lined trenches 218-W-5-T31 and 218-W-5-T34)

5 In addition, about 12 percent of the individual records list nonradiological contaminants that currently are,
6 or once were, regulated as dangerous wastes under WAC 173-303, "Dangerous Waste Regulations."
7 One reason for this smaller percentage is that most waste packages with detailed records are from more
8 recent burials and do not contain regulated constituents. Additionally, although a variety of chemical
9 wastes may have been disposed at these landfills, chemical inventories were not consistently maintained

10 until the effective regulation date of RCRA waste at the Hanford Site (August 19, 1987).

11 Summary inventory information available for each landfill is included with the CSMs in Appendix D of
12 this work plan. Appendix K provides a detailed summary of the historical documentation review.

13 3.1.2 Historical Documentation of Landfill Types, Landfill Configuration, and Waste Forms
14 The waste generators and the waste-generating processes that disposed wastes at the 200-SW-2 OU
15 landfills (200 Area, other Hanford Site areas, and offsite facilities) varied over time. In addition, the waste
16 generators produced different types and quantities of waste.

17 Before 1970, wastes were designated as dry, construction, or industrial with no segregation of materials
18 within these major categories. Industrial waste trenches received large items, often packaged in drag-off
19 boxes. Dry wastes were disposed in trenches, in containers (e.g., cardboard boxes, drums) or unpackaged
20 (i.e., loose debris). Construction trenches contain demolition and construction debris. Many of the
21 trenches contain wastes that may cause as low as reasonably achievable (ALARA) concerns. Wastes with
22 dose rates over 1,000 R/hr at contact have been disposed to these trenches (SWITS).

23 The cover requirements for landfill wastes varied over the years. Wind erosion exposed some wastes
24 buried shallower in earlier landfills. Shallow burial also resulted in uptake from plants whose roots
25 penetrated into the waste packages. A number of incidents are documented where burial boxes collapsed,
26 dispersing radioactive contamination across wide areas. Most of the collapse issues were resolved through
27 soil compaction, removal of deep-rooted vegetation, and the addition of soil and shallow-rooted
28 vegetation. Site maintenance programs also include the application of herbicides by licensed applicators
29 to control deep-rooted plant growth on stabilized landfills.

30 Landfill summaries provided in Chapter 2 reflect the information that is readily available for the
31 200-SW-2 OU landfills. Process models and assessment results fill in unknowns where records are
32 incomplete. CSMs provide known inventories. Process knowledge and historical/anecdotal information,
33 rather than disposal records, provide insight into the contents of many of the older landfills.
34 The characterization methodologies described in this work plan will validate and enhance the historical
35 information by using technologies that address the risk potential and help evaluate potential remedies.

36 3.1.3 Evaluation of Existing Data
37 The CSMs in Appendix D contain summaries of existing data for each landfill. While data gaps do exist,
38 they exist within a larger context of substantially complete information. For example, qualitative data
39 (from anecdotal and historical sources) are associated with the oldest and smallest landfills.
40 Although more numerous, these landfills represent only a small proportion (about 5 percent) of the total
41 volume of waste. Excellent disposal records exist for 60 percent of the total OU waste volume, and nearly
42 complete disposal records and process knowledge exist for the remaining 35 percent of the total OU
43 waste volume.
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1 Baseline geophysical data exist for many landfills. Using this data, information can be obtained to depths
2 of 6 m (20 ft), depending on site conditions and the types of anomalies present. For example, large objects
3 are easier to detect at depth than smaller objects. Baseline geophysical data available for many of the
4 landfills also provide nonintrusive information on trench configuration and contents (e.g., metallic
5 objects).

6 Most of the landfills have passive soil gas data with "nondetect" results, providing limited indications that
7 releases have occurred and that constituent mobility related to volatilization of landfill contents has not
8 been significant. No passive soil gas detections correlate to geophysical anomalies (i.e., suspected buried
9 drums or tanks).

10 3.2 Nature and Extent of Contamination

11 Current knowledge on the nature and extent of groundwater contamination at the landfills is based on
12 monitoring wells installed on the Central Plateau and on field sampling activities that took place as part of
13 the Phase I-A and I-B DQO processes and the Central Plateau ecological risk assessment (ERA).
14 Historical record reviews guided many of the sampling activities. Phase 1-A activities formed the basis
15 for Phase I-B activities. Besides historical record searches, the field sampling activities in Phases I-A and
16 I-B employed soil gas sampling, geophysics, and radiological surveys. Appendix D summarizes detailed
17 results of these investigations.

18 The nature of the material disposed in the 200-SW-2 OU landfills was predominantly dry, sorbed onto
19 media to reduce mobility, or a nonmobile metal. The low annual precipitation and recharge rate on the
20 Hanford Site further reduce the likelihood for contaminant migration through infiltration. However, four
21 landfills (218-E-12B, 218-W-3A, 218-W-4B, and 218-W-4C) did experience some episodic water events
22 (i.e., ponding from storms and/or migration of cooling water [e.g., 218-E-12B]). The landfills may have
23 experienced contaminant migration due to the induced hydraulic gradient caused by the ponding.

24 3.3 Characterization

25 The proposed characterization described in this work plan was developed in collaboration with Ecology
26 and RL through multiple workshops. During those workshops, the proposed characterization for each
27 landfill was discussed. As part of developing the characterization plan, the landfill characteristics were
28 discussed (e.g., inventory/contents, type, location, size, history of use, co-located waste sites). Based on
29 this information and collaborative effort, the characterization strategy for each landfill that is presented in
30 this work plan was developed. After the proposed characterization for each landfill was developed, a
31 more global view of the proposed characterization was undertaken. As part of the global view, the landfill
32 specific characterization was plotted on plates for the western Inner Area and eastern Inner Area so that
33 the proposed characterization for each of the landfills could be evaluated against the characterization
34 being proposed at adjacent landfills. The overall characterization plan was then adjusted, as needed, to
35 ensure that all areas of the landfills received some level of characterization and that the landfills that have
36 a greater risk potential (i.e., high uranium or plutonium content or hydraulic driving force) receive
37 additional characterization.

38 3.3.1 Groundwater Protection
39 The characterization efforts described in this work plan are focused on identifying complete risk pathways
40 to groundwater beneath the landfills (via horizontal borings and direct pushes) and to the air above the
41 landfills (using passive and active soil sampling). The information that is collected will be used to
42 improve the CSMs, reduce the overall uncertainty for the groundwater protection evaluations, and for
43 evaluation of potential soil vapor intrusion. For situations where available inventory information indicates
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1 the presence of significant quantities of mobile contaminants that could migrate to the groundwater,
2 remedial actions will be evaluated in the FS.

3 3.3.2 Unplanned Release Sites
4 There are 11 UPR sites (Table 2-3) within the footprint of one of the landfills or near the landfills. All of
5 the UPRs have been consolidated into the 200-SW-2 OU and each was assigned to a specific landfill
6 where the UPR occurred. The characterization strategy described in this work plan will evaluate the
7 presence of a potential risk pathway associated with the UPR as part of the characterization for the
8 landfill where it is located.

9 Proposed characterization for the UPRs will be completed in two steps. The first nonintrusive step
10 consists of baseline geophysics, multi-channel analysis of surface waves (MASW) geophysics, passive
11 soil gas sampling, and the aerial radiation survey. The second step of the characterization could consist of
12 intrusive sampling techniques including electrical-resistivity tomography (ERT) and surface-to-surface
13 (STS) geophysics, horizontal borings, direct pushes, active soil gas sampling, and test pits. For UPRs, the
14 collected data from step one will be evaluated along with existing information to determine if additional
15 data are needed to characterize direct contact and ecological risks as described in Sections 3.6.1 and 3.6.2.
16 A supplemental DQO/SAP process would be used to identify additional data needs in order to support the
17 detailed evaluation of alternatives in the FS.

18 3.3.3 Former Liquid Disposal Sites
19 There are several former liquid disposal sites (i.e., ponds, ditches) assigned to the 200-SW-2 OU.
20 The T Ponds are co-located within the 218-W-2A and 218-W-3AE Landfills. The 216-C-9 Pond is
21 co-located with the 218-E-9 Landfill. Based on advanced geophysics, the characterization proposed in
22 this work plan includes additional characterization technologies to determine if there is a complete risk
23 pathway associated with the former ponds and the associated landfills. If a pathway is confirmed, then as
24 part of the installation of the borings and pushes, samples will be collected from below the bottom of the
25 landfill and former ponds to determine the nature of the contamination and to allow the evaluation of
26 groundwater protection in accordance with DOE/RL-2011-50 and as described in Section 3.6.3 of this
27 work plan.

28 Proposed characterization for the former ponds will be completed in two steps. The first nonintrusive step
29 consists of baseline geophysics, MASW geophysics, passive soil gas sampling, and the aerial radiation
30 survey. The second step of the characterization could consist of intrusive sampling techniques including
31 ERT and STS geophysics, horizontal borings, direct pushes, active soil gas sampling, and test pits. For the
32 former liquid disposal sites, the collected data from step one will be evaluated along with existing
33 information to determine if additional data are needed to characterize direct contact and ecological risks
34 as described in Sections 3.6.1 and 3.6.2. A supplemental DQO/SAP process would be used to identify
35 additional data needs in order to support the detailed evaluation of alternatives in the FS.

36 3.3.4 Previous Characterization Activities
37 The following subsections detail characterization activities that have occurred in the past as part of the
38 200-SW-2 OU project, or other related projects in which characterization data were collected that can be
39 used as supplemental data for this project. Examples of this data include sampling results generated
40 during RCRA groundwater monitoring efforts, and vapor and soil sampling results generated as part of
41 the M-91 project.
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1 3.3.4.1 Geophysical Investigations
2 Geophysical surveys were conducted in select landfills in 2005, 2006, and 2009. The purpose of the
3 surveys was to identify trench placement (i.e., boundaries, geometry) and locate anomalies within the
4 landfills. The SAP (Appendix A) presents a brief summary of geophysical methods, both previously used
5 and proposed. Surface geophysics summarized in the SAP will be used at select landfills to
6 confirm/determine landfill boundaries. The CSMs (Appendix D) summarize the results of past
7 geophysical investigations for each landfill.

8 3.3.4.2 Passive Soil Vapor Sampling
9 Passive soil vapor sampling of the 200-SW-2 OU landfills occurred in four stages (groups).

10 e Stage 1: Samples were collected from selected trenches in five landfills from June to July 2006.

11 e Stage 2: Passive samples were collected again from the five Stage 1 landfills in an effort to better
12 define areas of high concentration (Stages 2 through 4 were undertaken in 2009).

13 e Stage 3: Sampling was performed at 12 landfills where geophysical investigations suggested the
14 presence of metal objects that might contain fluid; no significant soil vapor concentrations
15 were found.

* Stage 4: Sampling was performed at one landfill in an attempt
to find organic vapors related to "soft" waste forms, such as
personal protective equipment and rags that may have been
used to absorb organic liquids.

The CSMs (Appendix D) provide results of the passive soil gas
data sampling for each landfill.

3.3.4.3 Soil Vapor Extraction
A soil vapor extraction (SVE) system in the western Inner Area
removed a total of 79,750 kg of carbon tetrachloride from the
vadose zone in the 200-PW-1 OU east and north of the 218-W-4C
Landfill from 1992 to 2010. The three primary carbon tetrachloride
disposal sites are the 216-Z-9, 216-Z-1A, and the 216-Z-18
subsurface infiltration facilities.

The following sections provide a brief summary of the SVE
activities in the western Inner Area, and Appendix I provides
detailed information.

Numerousfield
investigations, including
passive soil gas surveys,
geophysics, logging of
monitoring wells installed
near the landfills,
radiological surveys, air
emission monitoring, and
other investigations, have
been completed on many of
the landfills as part of the
attempt made to
characterize the contents of
the landfills and to assess
the potential risk associated
with a potential release
from the landfill.

32 3.3.4.4 Soil Vapor Extraction from the 218-W-4B Landfill
33 An SVE system operated at the 218-W-4B Landfill from December 2006 through July 2007
34 (SGW-371 11, Performance Evaluation Report for Soil Vapor Extraction Operations at the
35 200-PW-1 Operable Unit Carbon Tetrachloride Site, Fiscal Year 2007). It detected elevated
36 concentrations of carbon tetrachloride in Trench 7 during the environmental release investigation
37 performed to support retrieval operations for RSW. Operators moved vapor extraction points periodically
38 from west to east, as vapor extraction operations reduced the carbon tetrachloride concentrations and as
39 waste retrieval progressed. The SVE system was removed to allow retrieval operations for the remaining
40 waste at the end of Trench 7.
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1 3.3.4.5 Soil Vapor Extraction from the 218-W-4C Landfill
2 An SVE system operated at the 218-W-4C Landfill from November 2003 through April 2004
3 (WMP-26178, Performance Evaluation Report for Soil Vapor Extraction Operations at the
4 200-PW-1 Carbon Tetrachloride Site, Fiscal Year 2004). Elevated concentrations of carbon tetrachloride
5 were detected at the east end of Trench 4. The SVE system operated 2 to 7 hr/day to remove the carbon
6 tetrachloride from the trench and minimize the potential for a release to groundwater. As carbon
7 tetrachloride concentrations declined, SVE operations extended to 24 hr/day in January 2004. The SVE
8 system removed approximately 11 kg of carbon tetrachloride during FY 2004. The system was removed
9 to allow retrieval operations at the east end of Trench 4.

10 3.3.4.6 Other Unique Features Associated with Landfills
11 As discussed in detail in Chapter 2, several landfills had other purposes. When developing
12 characterization methodology for these landfills, unique features are considered. A brief summary
13 follows:

14 e The Z Plant bum pit, formerly located in Trench 33 of the 218-W-4C Landfill, was a disposal site for
15 combustible nonradioactive construction and office and nonhazardous laboratory waste, including
16 unnamed chemicals. This bum pit was exhumed during construction of the 218-W-4C Landfill.

17 e Portions of two landfills, 218-W-3AE and 218-W-2A, are located on the former T Pond and Ditch
18 (216-T-4-1, 216-T-4-2, 216-T-4A, and 216-T-4B) locations. They intermittently received the
19 following waste streams: cooling water from the 221-T and 224-T Buildings, steam condensate from
20 the 221 -T Building, decontamination waste from 2706-T, condenser cooling water from the
21 242-T Building, and waste streams by the 207-T Retention Basin and 200-W-163-PL.

22 * 216-C-9 is collocated with the 218-C-9 Landfill. It received radiologically contaminated cooling
23 water from the 201-C Semiworks Facility, which began decommissioning in 1983. In 1985, the east
24 end of the dried pond began receiving Semiworks decommissioning solid waste.

25 Chapter 4 discusses characterization methodology.

26 3.3.4.7 Retrievably Stored Waste Sampling
27 TPA (Ecology et al., 1989a) Milestone M-091-40 requires completion of the retrieval and designation of
28 contact-handled suspect TRU-RSW in the 218-W-4B, 218-W-3A, and 218-E-12B Landfills. In 2003, the
29 218-W-4C Landfill was added. The M-091-40 Milestone states that DOE will sample and analyze, in
30 accordance with the approved SAPs, trench substrates to determine whether releases to the environment
31 have occurred from waste containers.

32 As part of TRU retrieval, sampling through vent risers in the trenches was to begin before waste retrieval.
33 The following SAPs for each landfill are developed:

34 e DOE/RL-2003-48, 218-W-4C Sampling and Analysis Plan

35 e DOE/RL-2004-32, 218-E-12B Burial Ground Sampling and Analysis Plan

36 e DOE/RL-2004-70, 218-W-4B Burial Ground Sampling and Analysis Plan

37 e DOE/RL-2004-71, 218-W-3A Burial Ground Sampling and Analysis Plan

38 A three-step process to complete the sampling requirements is summarized below.

39 * Step I of the SAP occurs prior to waste retrieval. Soil vapor samples are collected passively or
40 through existing vent risers to determine volatile organic compound (VOC) levels. Based on the
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1 location of the highest levels of VOCs detected during field screening, biased soil vapor sampling
2 locations are selected for laboratory analysis. Samples generally are collected at the base of the
3 trench, near the bottom of the existing vent risers. Results of Step I are used to determine biased
4 sampling sites for Step II.

5 * Step II is initiated post-retrieval. Soil vapor sampling is conducted along the edges of the trench
6 bottoms. A direct push technology is used in order to obtain vapor samples at varying depths from the
7 bottom of the trench. In addition to direct push sampling in areas known to have contained retrievably
8 stored TRU waste, biased sampling is performed using results from Step I, visual observations,
9 organic vapor monitoring, and radiological surveys on trench floor and vadose zone soils.

10 * Step III sampling will assess available data and characterize substrate soils. Additional sampling may
11 be required based on sampling results from Steps I and II.

12 TPA (Ecology et al., 1989a) Milestone M-091-40 requires quarterly reporting of sampling results.
13 Appendix H summarizes the results of sampling, as documented in quarterly reports. Appendix H also
14 contains other details, including a summary of activities performed in support of M-091-40 sampling.

15 The results of this sampling were inconclusive because of the limits of field instrumentation. Mean and
16 median results were not representative of the samples collected, did not determine the possibility of the
17 presence of contamination, and did not help focus biased samples on areas with high contamination
18 detection levels. Nondetections were reported as "undetected" (i.e., not detected above the practical
19 quantitation factor), rather than zero.

20 As stated earlier, one of the goals of this RI/RFI is to determine the extent of contaminant migration into
21 the vadose zone below the solid waste trenches. The 200-SW-2 OU project may take advantage of the
22 opportunity to gather trench samples below areas where solid wastes were disposed by targeting
23 RSW-TRU retrieval areas. Direct push locations for soil substrate and active soil gas samples may be
24 selected in areas of retrieved RSW-TRU if such locations become available before fieldwork commences
25 for the 200-SW-2 RI/RFI. Some locations are already available and will be considered during detailed
26 fieldwork planning.

27 If the 200-SW-2 OU field investigation specified by this work plan precedes post-retrieval vapor
28 sampling under M-091-40 and M-091-41, then the vapor sampling following retrieval of RSW-TRU in
29 the 218-W-3A, 218-W-4B, and 218-E-12B Landfills will be performed under this work plan.

30 Post-M-091-40 and M-091-41 retrieval sampling will fulfill requirements of both the M-091 project and
31 the 200-SW-2 OU field investigation, regardless of which project collects the data.

32 3.3.4.8 Nonaqueous-Phase Liquids
33 A small amount of sorbed, stabilized organic liquid has been disposed to the 200-SW-2 OU. One of the
34 goals of this work plan is to determine whether these organics have migrated to the vadose zone or
35 groundwater.

36 Over the last 10 years, numerous scientific studies have been conducted on the movement of NAPL
37 contaminants in various subsurface environments. These studies have significantly changed the current
38 understanding of how these contaminants move through the subsurface.

39 Several factors contribute to increased dense nonaqueous-phase liquid (DNAPL) penetration through
40 vadose and saturated soils. A table that discusses these factors in a qualitative way is included in Pankow
41 and Cherry, 1996, Dense Chlorinated Solvents and Other DNAPLs in Groundwater: History, Behavior,
42 and Remediation, which also cites the following factors (nonprioritized) that facilitate penetration:
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1 e High DNAPL density

2 e Low interfacial tension

3 e Low viscosity

4 e Large DNAPL volume release

5 e Long-duration DNAPL release

6 e High permeability

7 e Vertical and subvertical geological structure

8 Another important factor used to determine the behavior of a NAPL at the pore scale is the spreading
9 coefficient. This factor is determined in a three-phase system (in order of preferential wetting of the

10 solids: water, NAPL, air) by the interfacial tensions between the phases. When the spreading coefficient is
11 positive, the NAPL tends to form a film around the wetting phase and spreads readily. In unsaturated
12 soils, this would lead to greater penetration of smaller pores by the NAPL. When the spreading coefficient
13 is negative, the NAPL will form discrete lenses and not move as readily over the air water interface.
14 Additional details regarding NAPLs in the vadose zone at the Hanford Site are presented in Appendix H.

15 3.3.4.9 Groundwater
16 The groundwater program for the 200-SW-2 OU landfills includes a monitoring network of wells that is
17 routinely sampled, as required by WAC 173-303-400(3), "Interim Status Facility Standards," and as
18 defined by 40 CFR 265.92(d), "Interim Status Standards for Owners and Operators of Hazardous Waste
19 Treatment, Storage, and Disposal Facilities" "Sampling and Analysis." The network is co-sampled for
20 AEA surveillance as directed by DOE orders. These programs define the groundwater indicator parameter
21 monitoring for groundwater quality detection monitoring at the 200-SW-2 OU landfills. As of February
22 2015, none of the 200-SW-2 OU landfills posed an impact to groundwater quality. In addition, several
23 200-SW-2 OU monitoring wells are co-sampled for CERCLA requirements, which track the migration of
24 plumes extending from other sources beneath the various landfills.

25 3.3.4.10 RCRA TSD Groundwater Monitoring
26 This section provides an overview of the regulatory basis, location, and implementation of the RCRA TSD
27 groundwater monitoring for the 200-SW-2 OU.

28 DOE issued a final rule (10 CFR 962, "Byproduct Material") in May 1987, stating that the hazardous
29 waste components of mixed waste are subject to RCRA regulations. In November 1987, EPA authorized
30 Ecology to regulate these hazardous waste components within the state of Washington (51 FR 24504,
31 "EPA Clarification of Regulatory Authority Over Radioactive Mixed Waste"). In 1996, the Washington
32 State Attorney General determined that the effective regulation date of mixed waste in Washington State
33 was August 19, 1987. In May 1989, DOE, EPA, and Ecology signed the TPA (Ecology et al. 1989a),
34 which established the roles and responsibilities of the agencies involved in regulating and controlling
35 remedial restoration of the Hanford Site, including the RCRA TSD groundwater monitoring for the
36 200-SW-2 OU.

37 Based on their proximity, there are four 200-SW-2 OU landfill TSD LLWMA groupings for purposes of
38 groundwater monitoring (Figures 3-1 and 3-2). LLWMA-3 and LLWMA-4 are located in the western
39 Inner Area within the 200-ZP-1 Groundwater OU (Figure 3-1). LLWMA-1 and LLWMA-2 are located in
40 the eastern Inner Area within the 200-BP-5 Groundwater OU (Figure 3-2). A small part of LLWMA-4 is
41 technically within the 200-UP-I Groundwater OU. As of February 2015, the RCRA groundwater
42 monitoring network consists of 38 wells monitored on an annual or semiannual basis (Table 3-1).
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Table 3-1. Summary of RCRA Groundwater Monitoring Networks for the 200-SW-2 OU Landfills
Number of

LLWMA Area Landfill Monitoring Wells
LLWMA-1 Eastern Inner Area 218-E-10 18
LLWMA-2 Eastern Inner Area 218-E-12B 9
LLWMA-3 Western Inner Area 218-W-3A, 218-W-3AE, 218-W-5 4

LLWMA-4 Western Inner Area 218-W-4B and 218-W-4C 7
1

2 RCRA groundwater monitoring is implemented by WAC 173-303-400, "Interim Status Facility
3 Standards," and 40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous
4 Waste Treatment, Storage, and Disposal Facilities," Subpart F, "Groundwater Monitoring." As of
5 February 2015, the following RCRA groundwater monitoring plans identify the requirements for
6 detection monitoring at the applicable 200-SW-2 OU landfills. Appendix F contains a copy of each:

7 e LLWMA-1 - DOE/RL-2009-75, Interim Status Groundwater Monitoring Plan for the LLBG WMA-1

8 e LLWMA-2 - DOE/RL-2009-76, Interim Status Groundwater Monitoring Plan for the LLBG WMA-2

9 e LLWMA-3 - DOE/RL-2009-68, Interim Status Groundwater Monitoring Plan for the LLBG WMA-3

10 e LLWMA-4 - DOE/RL-2009-69, Interim Status Groundwater Monitoring Plan for the LLBG WMA-4

11 DOE periodically revises the interim RCRA groundwater monitoring plans to reflect changing
12 groundwater conditions. The plans are scheduled to be updated in 2015, and a final permit status
13 monitoring plan is expected to replace these interim plans upon agreement and completion of
14 WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit, conditions.

15 The RCRA interim status regulations require semiannual comparisons of upgradient and downgradient
16 groundwater results to determine whether the TSD units have adversely affected groundwater quality.
17 The comparisons include four contaminant indicator parameters: pH, specific conductance, total organic
18 carbon (TOC), and total organic halides. Although certain indicator parameters have exceeded the
19 statistical measurements for a significant increase during the history of interim status detection
20 monitoring, further assessment has not found evidence of a dangerous waste constituents associated with
21 the burial grounds. Site-specific information for each of the sites follows.

22 In the eastern Inner Area, impact to groundwater beneath LLWMA-1 is from regional contamination
23 defined by the 200-BP-5 Groundwater OU (Figure 3-2). It is not associated with the overlying landfills.
24 In 1999, DOE reported to Ecology the exceedance of specific conductance in well 299-E33-34.
25 The elevated specific conductance level was determined to be from migration of BY Cribs plumes
26 (DOE/RL-2011-118, Hanford Site Groundwater Monitoringfor 2011). The most significant chemical
27 contaminants identified were nitrate and cyanide (some of which may be contamination from the
28 B-BX-BY Tank Farms and other nearby cribs). Relatively few regional chemical contaminant plumes
29 affect the groundwater beneath LLWMA-2 located within the eastern Inner Area. Nitrate contamination
30 has continued to exceed DWSs in several wells at LLWMA-1, but it continues to display characteristics
31 of other source sites. Thus, subsequent elevated specific conductance levels at wells 299-E32-10 and
32 299-E33-34 has not and is not cause for change from interim status indicator evaluation groundwater
33 monitoring. Another exceeded indicator parameter at LLWMA-1 was associated with TOC in 2012.
34 Values of TOC exceeding the statistical measurements for a significant increase were localized at
35 Well 299-E33-265. The subsequent assessment found no dangerous waste constituents associated with the
36 218-El0 Burial Ground and directed the groundwater monitoring program to return to interim status
37 detection monitoring as defined in DOE/RL-2009-75 (DOE/RL-2013-25, First Determination
38 RCRA Groundwater Quality Assessment Report for Low-Level Burial Grounds Low-Level Waste
39 Management Area-i).
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1 At LLWMA-2, both specific conductance and TOC have exceeded statistical measurements for a
2 significant increase. Specific conductance at Wells 299-E34-9 and 299-E27-10 has been significantly
3 greater than the other monitoring wells in the network. The elevated specific conductance at
4 Well 299-E34-9 was determined to be associated with nitrate migration in the groundwater from the
5 BY Cribs, primarily, as explained in 13-AMRP-0192, "Notification of Resource Conservation and
6 Recovery Act Indicator Parameter Exceedance at Low-Level Waste Management Area 2," sent to
7 Ecology May 28, 2013. The reason the BY Cribs were considered the source was the southeast flow
8 direction change in 2011 and the signature of other contaminants associated with the BY Cribs. The other
9 well, 299-E27-10, associated with elevated specific conductance was also associated with elevated TOC.

10 Because of the flow direction in this area and prior elevated levels of specific conductance and TOC at
11 Well 299-E34-7, a correlation to the assessment completed at Well 299-E34-7 is representative of
12 groundwater quality at Well 299-E27-10. The assessment at Well 299-E34-7 continued semiannually
13 from 2000 to 2005 and included assessment of 40 CFR 264 Appendix IX dangerous waste constituents
14 and hydrocarbons. The assessment ended in 2005, because Well 299-E34-7 became sample dry from the
15 declining water table. PNNL- 15670, Hanford Site Groundwater Monitoringfor Fiscal Year 2005,
16 concluded there were no dangerous waste constituents identified at Well 299-E34-7. As a result, interim
17 status detection monitoring continues at LLWMA-2.

18 For the western Inner Area sites, contamination from an upgradient source defined by the
19 200-ZP-1 Groundwater OU impacts groundwater beneath much of LLWMA-3 (Figure 3-1).
20 This contamination includes carbon tetrachloride, chloroform, trichloroethene (TCE), and nitrate. A 1993
21 groundwater assessment for LLWMA-3 (WHC-SD-EN-EV-026, Results of Groundwater Quality
22 Assessment Program at Low-Level Waste Management Area 3 of the Low-Level Burial Grounds)
23 concluded that the contamination is from other upgradient sources and that LLWMA-3 has not
24 contributed to groundwater contamination.

25 Regional VOC contamination affects LLWMA-4, as well as the underlying groundwater within the
26 capture zone of the 200 West Area P&T System. Carbon tetrachloride is the major contaminant in the
27 plume, but chloroform, TCE, and perchloroethene also are present. There was an assessment performed
28 for LLWMA-4 in 2009 for TOC exceeding statistical measurements for a significant increase at
29 Well 299-W 15-224 (SGW-4021 1, First Determination RCRA Groundwater Quality Assessment Plan for
30 the Low-Level Burial Grounds Low-Level Waste Management Area - 4). The results of the assessment did
31 not find dangerous waste/dangerous waste constituents in the groundwater originating from LLWMA-4,
32 and monitoring returned to indicator evaluation monitoring, as reported in SGW-41903, Groundwater
33 Quality Assessment Plan for Low-Level Waste Management Area 4.

34 3.3.4.11 CERCLA Groundwater Monitoring
35 This section summarizes the CERCLA groundwater monitoring in the western and eastern Inner Areas.

36 The following documents are current groundwater monitoring plans for the associated CERCLA OUs
37 below the 200-SW-2 OU landfills:

38 e DOE/RL-2013-07, 200-UP-I Groundwater Operable Unit Remedial Design/Remedial Action
39 Work Plan

40 e DOE/RL-2009-1 15, Performance Monitoring Plan for the 200-ZP-1 Groundwater Operable Unit
41 Remedial Action

42 e DOE/RL-2001-49, Groundwater Sampling and Analysis Plan for the 200-BP-5 Operable Unit

43 e DOE/RL-2007-3 1, Remedial Investigation/Feasibility Study Work Plan for the
44 200-PO-1 Groundwater Operable Unit

3-12



DOE/RL-2004-60, DRAFT B
MARCH 2015

1 3.3.4.12 Western Inner Area
2 Two major groundwater OUs, 200-ZP-1 and 200-UP-I (Figure 3-3), underlie the 200-SW-2 OU landfills
3 located in the western Inner Area. Groundwater flow in the unconfined aquifer is primarily to the
4 east-northeast in the western Inner Area, but it is influenced by the 200 West Area P&T System and
5 effluent discharges to the SALDS. Historical gradients have changed, based on changes and elimination of
6 wastewater disposal to the surface or vadose zone. Several plumes within these groundwater OUs originate
7 from known liquid releases from waste process units or regional sources. The 200-ZP- 1 Groundwater OU
8 includes the northern and central portions of the western Inner Area, and the western portion of the
9 600 Area. Twelve solid waste landfills overlie the 200-ZP-1 Groundwater OU (Figure 3-3). These are the

10 218-W-1, 218-W-1A, 218-W-2, 218-W-2A, 218-W-3, 218-W-3A, 218-W-3AE, 218-W-4A, and
11 218-W-4B Landfills, all but the southeast corner of the 218-W-4C Landfill, and the 218-W-5 and
12 218-W-11 Landfills.

13 Groundwater is monitored to assess the performance of the 200-ZP-1 final ROD system for remediation
14 of the 200-ZP- 1 OU groundwater contaminants of concern. Data from facility-specific monitoring also
15 are integrated into CERCLA groundwater investigations. The groundwater contamination plumes of
16 interest in this area include carbon tetrachloride, TCE, nitrate, chromium, tritium, iodine-129,
17 technetium-99, and uranium. Chloroform, dichloromethane, and chloromethane are also monitored as
18 degradation products of carbon tetrachloride; vinyl chloride and cis- 1,2-dichloroethene are monitored
19 as degradation products of TCE; and chloride is monitored to evaluate natural attenuation of chlorinated
20 solvents.

21 Carbon tetrachloride is the primary groundwater COC. The plume originated from discharges to the
22 Z cribs and trenches (e.g., 216-Z-9 Trench, 216-Z-1A Tile Field, and 216-Z-18 Crib). The plume has
23 moved north and east of these waste sites.

24 The 200-UP-I Groundwater OU interest area addresses groundwater contaminant plumes beneath the
25 southern third of the western Inner Area and adjacent portions of the surrounding 600 Area (Figure 3-3).
26 The primary sources of groundwater contamination in the OU are waste sites associated with the
27 operation of the REDOX Plant for plutonium/uranium separation and operation of the U Plant for
28 uranium recovery. Technetium-99, uranium, tritium, iodine- 129, nitrate, chromium (total and hexavalent),
29 and carbon tetrachloride form extensive groundwater plumes in the area. These contaminants originated
30 from operations in this area, except for carbon tetrachloride, which has migrated into the
31 200-UP-I Groundwater OU from the 200-ZP-I Groundwater OU. Only the southeast corner of the
32 218-W-4C Landfill overlies the 200-UP-1 Groundwater OU, and there is no evidence that contamination
33 from the waste disposed in the landfill has migrated and directly affected groundwater.

34 An interim remedial action P&T system operated in the central part of the 216-U-I and 216-U-2 Cribs to
35 address technetium-99 and uranium plumes between 1994 and early 2011, with a I-year shutdown in
36 2006 for a rebound study. Operations ceased in March 2011 with interim RAOs achieved and flow rates
37 from extraction wells too low to justify continued pumping. A groundwater extraction system installed in
38 2011 remediates the high technetium-99 plume under the S-SX Tank Farms waste management area
39 (WMA S-SX) via the 200 West P&T System. In September 2012, EPA, Ecology, and DOE signed the
40 200-UP-1 ROD (EPA et al., 2012).
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1 The selected interim remedy for the 200-UP-I Groundwater OU includes a combination of groundwater
2 extraction and treatment using P&T technology, MNA, hydraulic containment, and institutional controls.
3 The process for designing the remedies in the ROD is described in DOE/RL-2013-07. The document
4 includes the design approach for a new U Plant area P&T system, in addition to the current
5 WMA S-SX groundwater extraction system.

6 3.3.4.13 Eastern Inner Area
7 The 200-SW-2 OU landfills in the eastern Inner Area overlie the 200-BP-5 Groundwater OU. A number
8 of groundwater plumes exist within the 200-BP-5 Groundwater OU and extend beneath both LLWMA-i
9 and LLWMA-2 (Figure 3-4). The plumes within the 200-BP-5 Groundwater OU originated from known

10 releases, as discussed in DOE/RL-2014-32. None of these plumes are attributed to releases originating
11 from the landfills.

12 The 200-BP-5 Groundwater OU addresses groundwater contaminant plumes beneath the northern half of
13 the eastern Inner Area and adjacent portions of the surrounding 600 Area. This OU extends to Gable Gap
14 and includes several RCRA TSD units and CERCLA past-practice units in the northern portion of the
15 eastern Inner Area. Technetium-99 and uranium are significant COCs in the 200-BP-5 Groundwater OU,
16 although uranium has a more limited distribution area. Other contaminants include nitrate, iodine- 129,
17 cyanide, strontium-90, tritium, cesium- 137, and plutonium-239/240. Groundwater is monitored in
18 this OU to define the regional extent of technetium-99, uranium, and other significant contaminants
19 across the OU, as well as the local extent of contamination associated with specific RCRA TSD units in
20 the area.

21 Eleven 200-SW-2 OU landfills overlie the 200-BP-5 Groundwater OU: the 218-E-2, 218-E-2A, 218-E-4,
22 218-E-5, 218-E-5A, 218-E-8, 218-E-9, 218-E-10, 218-E-12A, 218-E-12B, and 218-C-9 Landfills.

23 Nitrate, iodine-129, technetium-99, and uranium are the most extensive groundwater plumes in
24 200-BP-5 Groundwater OU. These contaminants emanate mainly from local sources, except for
25 iodine-129, which predominantly migrated into the 200-BP-5 Groundwater OU from the adjacent
26 200-PO-I Groundwater OU in the late 1980s and early 1990s. Other contaminants with smaller areal
27 extent within the 200-BP-5 Groundwater OU include cyanide, strontium-90, tritium, cesium-137, and
28 plutonium-239/240.

29 Groundwater flow within the unconfined aquifer in the southern part of 200-BP-5 Groundwater OU,
30 south of Gable Mountain, saw major changes in 2011. The flow direction completed an 1800 flow
31 direction change in July 2011 because of ongoing water table declines in the eastern Inner Area and the
32 temporal Columbia River stages. Since July 2011, the flow direction has maintained a mostly
33 south-southeast flow from the south part of Gable Gap into the northwest quarter of the eastern
34 Inner Area. No significant changes in distribution of the 10 contaminant plumes within the
35 200-BP-5 Groundwater OU were observed during the monitoring period from October 2012 through
36 December 2013. Nitrate continued to be the most extensive 200-BP-5 Groundwater OU plume in 2013.
37 Although the contaminant distribution did not show significant change, there was some incremental
38 degradation of water quality observed locally near selected sites. One example is significant increases in
39 nitrate and cyanide along the western side of LLWMA-2 during the reporting period. These increases
40 were found to be associated with the flow direction change and subsequent migration of contaminants
41 from the BY Cribs. Additional information is contained in DOE/RL-2014-32.
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1 The 200-PO-1 Groundwater OU interest area addresses groundwater contaminant plumes that have
2 originated beneath the southern portion of the eastern Inner Area (Figure 3-4). Only the 218-E-1 Landfill
3 overlies the 200-PO-1 Groundwater OU. The OU boundary extends southeastward to the Columbia River
4 because of regional tritium and iodine-129 plumes that have migrated off the Central Plateau.
5 Other COPCs include nitrate and, in more localized areas, strontium-90, uranium, and technetium-99.

6 Groundwater monitoring results continue to show that tritium and iodine-129 are the major plumes
7 extending from the eastern Inner Area into the remainder of the 200-PO-1 Groundwater OU; and also that
8 small, more isolated plumes (including strontium-90 and uranium) are located near the PUREX Cribs.
9 Additionally, there is a small technetium-99 plume located near WMA A-AX. All of these groundwater

10 contaminants continue to exceed their respective DWSs. Additional information, including a discussion of
II other contaminants detected in the groundwater, is contained in DOE/RL-2014-32.

12 3.4 Identification of Contaminants of Potential Concern

13 A set of radiological and organic COPCs that may be present in the 200-SW-2 OU landfills was
14 developed based on the following documents:

15 e 200 Areas plant operations as identified in various DQO documents for the 200 Areas OUs, including
16 the 200-CW-1, 200-CS-1, 200-CW-5, 200-LW-1, 200-LW-2, 200-MW-1, 200-PW-1, 200-PW-2,
17 200-PW-4, 200-TW-1, and 200-TW-2 OUs

18 e The ERA DQOs for the 200 Areas (WMP-20570, Central Plateau Terrestrial Ecological Risk
19 Assessment Data Quality Objectives Summary Report - Phase I; WMP-25493, Central Plateau
20 Terrestrial Ecological Risk Assessment Data Quality Objectives Summary Report-Phase II);
21 WMP-29253, Central Plateau Terrestrial Ecological Risk Assessment Data Quality Objectives
22 Summary Report - Phase III

23 * DOE/RL-98-28, 200 Areas Remedial Investigation/Feasibility Study Implementation Plan -
24 Environmental Restoration Program

25 In order to ensure that contaminants from waste from other Hanford Site areas (such as the 100 and
26 300 Areas) and offsite are represented, the COPC input list also included potential contaminants listed in
27 the following information sources:

28 e Nonradiological constituents in containers with a "dangerous waste" flag set in the SWITS for
29 landfills that are within scope

30 e Radiological constituents listed in all containers in SWITS for in-scope landfills

31 e Nonradiological constituents listed in WAC 173-340-900, "Tables," Table 749-3 ("Ecological
32 Indicator Soil Concentrations (mg/kg) for Protection of Terrestrial Plants and Animals")

33 The COPC input list consisted of more than 800 potential contaminants. Radionuclides were eliminated
34 from the list if they had short half-lives, were naturally occurring, or were produced only in minute
35 quantities. Chemicals were eliminated if they were used in minute quantities, were nonhazardous, or are
36 unable to exist in conditions in the landfills (i.e., exist in a gaseous state, or naturally degrade
37 very quickly.)

38 Table 3-2 provides the list of COPCs for the 200-SW-2 OU waste sites.
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Table 3-2. 200-SW-2 OU Landfills COPC List

Radionuclides

24'Am 244Cm 12 91 239/
240Pu 228Th 3H

14C 12Eu 63Ni 79Se 230Th 233/234u

137 154 Eu 237Np 90Sr 232Th 235u
60Co 15Eu 23 8

Pu 99Tc 234Th 238u

243 Cm

Metals

Aluminum - Al Boron - B Lithium - Li Silver - Ag

Antimony - Sb Cadmium - Cd Manganese - Mn Strontium - Sr

Arsenic - As Chromium - Cr Mercury - Hg Thallium - T

Barium - Ba Cobalt - Co Molybdenum - Mo Uranium - U

Beryllium - Be Copper - Cu Nickel - Ni Vanadium - V

Bismuth - Bi Lead - Pb Selenium - Se Zinc - Zn

Anions

Fluoride - F- Nitrate - NO3- Sulfate - S0 4
2- Phosphate - P043-

Nitrite - NO2- Chloride - Cl- Bromide - Br-

Other

Ammonium - NH 4< (pH also to be measured) Asbestos Kerosene

Cyanide - CN-

Volatile Organics

1,1,1 -Trichloroethane 2-Nitropropane cis- 1,2-Dichloroethene Tetrachloroethene

1,1,2,2-Tetrachloroethane 4-Methyl-2-pentanone Diethyl Ether Toluene

1,1,1,2-Tetrachloroethane Acetone Ethyl Acetate trans-1,2-Dichloroethene

1,1,2-Trichloro- 1,2,2- Acetonitrile Ethylbenzene trans-1,3-
trifluoroethane Benzene Isobutanol Dichloropropene

1,1,2-Trichloroethane Carbon Disulfide Methanol Trichloroethene

1,1-Dichloroethene Carbon Tetrachloride Methylene Chloride Trichlorofluoromethane

1,1 -Dichloroethane Chlorobenzene n-Butyl Alcohol Vinyl Chloride

1,2-Dichloroethane Chloroform (1-butanol) Xylenes, Total

2-Butanone

Semivolatile Organics

1,2,4-Trichlorobenzene Acenaphthene Di-n-octylphthalate N-nitroso-di-n-

2,4,5-Trichlorophenol Benzo(a) anthracene Fluoranthene propylamine

2,4,6-Trichlorophenol Benzo(a)pyrene Hexachlorobenzene Naphthalene

2,4-Dinitrotoluene Benzo(b)fluoranthene Hexachlorobutadiene n-Nitrosomorpholine

2-Chlorophenol Benzo(k)fluoranthene Di-n-butylphthalate o-Dichlorobenzene

2-Ethoxyethanol Bis(2-ethylhexyl)phthalate Dibenz(a,h)anthracene o-Nitrophenol
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Table 3-2. 200-SW-2 OU Landfills COPC List
2-Methylphenol (o-cresol) Butylbenzylphthalate Hexachloroethane Pentachlorophenol

3+4-Methylphenol (m+p- Chrysene Indeno(1,2,3 -d)pyrene Pyrene
cresol) Cyclohexanone Nitrobenzene Pyridine
4-Chloro-3 -methylphenol Tributyl Phosphate
(p-Chloro-m-cresol)

Pesticides

Aldrin Alpha-BHC Gamma-BHC Endrin

4-4'-DDT Beta-BHC (Lindane) Heptachlor

4-4'-DDD Delta-BHC Chlordane Heptachlor Epoxide

4-4'-DDE Dieldrin

Aroclors (Polychlorinated Biphenyls)

Aroclor-1016 Aroclor-1232 Aroclor-1248 Aroclor-1260

Aroclor-1221 Aroclor-1242 Aroclor-1254

1

2 3.4.1 Current Land Use
3 The current land-use activities in the Inner Area are industrial in nature. Several waste management
4 facilities continue to operate on the Central Plateau, including permanent waste disposal facilities such as
5 the ERDF, LLW burial grounds, and mixed waste trenches permitted by RCRA. Construction of tank
6 waste treatment facilities on the Central Plateau began in 2002. IDF is the planned disposal location for
7 the vitrified low-activity tank waste. Non-Hanford Site DOE organizations and the U.S. Department of
8 the Navy use the TSD units on the Central Plateau. In addition, US Ecology, Inc. operates a commercial
9 LLW disposal facility on a 40 ha (100 ac) tract of land. This tract of land is leased to Washington State

10 and is located in the Inner Area.

11 3.4.2 Reasonably Anticipated Future Land Use
12 The reasonably anticipated future land use for the portion of the Central Plateau where the 200-SW-2 OU
13 sites are located (Inner Area) is designated as industrial.

14 DOE worked for several years with cooperating agencies to define land use goals for the Hanford Site.
15 The cooperating agencies and stakeholders included the National Park Service, Tribal Nations, the states
16 of Washington and Oregon, local/county and city governments, economic and business development
17 interests, environmental groups, and agricultural interests. A 1992 report (Drummond, 1992, The Future
18 for Hanford: Uses and Cleanup, The Final Report of the Hanford Future Site Uses Working Group) was
19 an early product of the efforts to develop land use assumptions. The report recognized that the Central
20 Plateau would be used for waste management activities for the foreseeable future. Following that report,
21 DOE issued DOE/EIS-0222F, Final Hanford Comprehensive Land- Use Plan Environmental Impact
22 Statement (HCP EIS) and associated ROD (64 FR 61615, "Record of Decision: Hanford Comprehensive
23 Land-Use Plan Environmental Impact Statement (HCP EIS)") in 1999, and a supplemental analysis
24 (DOE/EIS-0222-SA-01, Supplement Analysis: Hanford Comprehensive Land-Use Plan Environmental
25 Impact Statement) in 2008.

26 The HCP EIS (DOE/EIS-0222F) analyzed the potential environmental impacts of alternative land use
27 plans for the Hanford Site and considered the land use implications of ongoing and proposed activities.
28 Under the preferred land use alternative selected in the HCP EIS ROD (64 FR 61615), the Central Plateau
29 was designated for industrial exclusive use, defined as "areas suitable and desirable for management of
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1 hazardous, dangerous, radioactive, nonradioactive wastes, and related activities." The 2008 supplement
2 analysis (DOE/EIS-0222-SA-01) reconfirmed the land use designations in the HCP EIS
3 (DOE/EIS-0222F) and clarified that the comprehensive land use plan will remain in effect as long as
4 DOE retains legal control of some portion of the Hanford Site, which is expected to be longer than
5 50 years.

6 The area designated as the Central Plateau in the Drummond (1992) report and the HCP EIS
7 (DOE/EIS-0222F) is only a portion of the area now commonly known as the Central Plateau. The current
8 195 km2 (75 mi 2) area Central Plateau also encompasses a portion of the land known in the previous
9 documents as "all other areas," with a designated land use of conservation (mining). The Inner Area

10 portion of the Central Plateau (described in Section 1.3) is contained within the area designated for
11 industrial/industrial exclusive land use. At approximately 25 km2 (10 mi2 ), the Inner Area covers about
12 half of the industrial exclusive area and is defined by DOE as the final footprint area of the Hanford Site
13 that will be required for permanent waste management and containment of residual contamination.

14 3.4.3 Regional Land Use
15 Communities in the region of the Hanford Site consist of the incorporated cities of Richland,
16 West Richland, Kennewick, Pasco, and numerous other smaller communities within Benton and
17 Franklin Counties. No residences are located on the Hanford Site. The inhabited residences nearest to the
18 Central Plateau are farmhouses on land approximately 16 km (10 mi) north across the Columbia River.
19 The city of Richland corporate boundary is approximately 27 km (17 mi) to the south (PNNL-6415,
20 Hanford Site National Environmental Policy Act (NEPA) Characterization).

21 3.4.4 Groundwater Use
22 The groundwater from the unconfined aquifer underlying the Central Plateau is contaminated and is not
23 currently withdrawn for beneficial uses. Groundwater wells are routinely used on the Central Plateau to
24 measure or monitor groundwater contaminants and groundwater conditions, and to support groundwater
25 P&T systems. Several wells are also available to supply emergency cooling water to facilities, if needed,
26 from basalt interbeds. Groundwater beneath the Central Plateau is not anticipated to become a future
27 source of drinking water until cleanup criteria are met. DOE's goal is to restore Central Plateau
28 groundwater to beneficial use, unless restoration is determined to be technically impracticable.

29 3.5 Potential Applicable or Relevant and Appropriate Requirements

30 Section 121, "Cleanup Standards," of CERCLA, as amended, requires, in part, that any applicable or
31 relevant and appropriate standard, requirement, criterion, or limitation promulgated under any federal
32 environmental law, or any more stringent state requirement promulgated pursuant to a state environmental
33 statute, be met (or a waiver justified) for any hazardous substance, pollutant, or contaminant that will
34 remain onsite after completion of the remedial/removal action. CERCLA guidance (EPA/540/G-89/006,
35 CERCLA Compliance with Other Laws Manual: Interim Final; EPA/540/G-89/004) forms a basis for the
36 applicable or relevant and appropriate requirement (ARAR) identification process.

37 200-SW-2 OU waste site remediation will be under a CERCLA decision document. Any
38 remedial/removal action(s) at the individual waste sites will be required to meet the ARARs. In many cases,
39 the ARARs form the basis for the PRGs to which contaminants must be remediated to protect human health
40 and the environment (HHE). The ARARs also define or restrict how specific requirements of a
41 remedial/removal alternative can be implemented based on the nature of the activity or the site's location.
42 The work plan describes the potential ARARs. The potential ARARs are further defined in the FS
43 analysis of alternatives.
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1 3.5.1 The Potential ARAR Evaluation Process
2 The potential ARAR evaluation prepared for this work plan was conducted in accordance with the NCP
3 (40 CFR 300.430(f)(1)(ii)(B)(2) "Remedial Investigation/Feasibility Study and Selection of Remedy").
4 Under CERCLA, ARARs consist of two sets of requirements: those promulgated substantive standards
5 that would be applicable requirements if the remediation were not being conducted under authority of
6 CERCLA (CERCLA response actions are exempt from permitting requirements by authority of
7 Section 121(e)(1), "Permits and Enforcement"), and those substantive standards that are relevant and
8 appropriate requirements of promulgated environmental regulations.

9 An "applicable" requirement at the Hanford Site is an environmental requirement that DOE would have
10 to comply with by law if the same action were being undertaken apart from CERCLA authority.
11 All jurisdictional prerequisites of the requirement must be met in order for the requirement to be applicable,
12 including specific application to federal agencies (through a waiver of Federal sovereign immunity).

13 "Relevant and appropriate" requirements refer to those environmental requirements, such as cleanup
14 standards, that address problems or situations sufficiently similar to those encountered at the CERCLA
15 site that their use is well suited to the particular site (40 CFR 300.400(g)(2), "General"). A requirement
16 that is relevant and appropriate may not meet one or more jurisdictional prerequisites for applicability but
17 it still makes sense at the site, given the circumstances of the site and the release. In evaluating the
18 relevance and appropriateness of a requirement, the following eight comparison factors
19 in 40 CFR 300.400(g)(2) are considered:

20 1. The purpose of the requirement and the purpose of the CERCLA action

21 2. The medium regulated or affected by the requirement and the medium contaminated or affected at the
22 CERCLA site

23 3. The substances regulated by the requirement and the substances found at the CERCLA site

24 4. The actions or activities regulated by the requirement and the remedial/removal action contemplated
25 at the CERCLA site

26 5. Any variances, waivers, or exemptions of the requirement and their availability for the circumstances
27 at the CERCLA site

28 6. The type of place regulated and the type of place affected by the release or CERCLA action

29 7. The type and size of structure or facility regulated and the type and size of structure or facility
30 affected by the release or contemplated by the CERCLA action

31 8. Any consideration of use or potential use of affected resources in the requirement and the use or
32 potential use of the affected resource at the CERCLA site

33 In addition, potential ARAR evaluations determine whether they fall into one of three requirement
34 categories: chemical-specific, location-specific, or action-specific. The definitions of the categories follow:

35 e Chemical-specific requirements are usually health-based or risk-based numerical values or
36 methodologies that when applied to site-specific conditions result in the establishment of public and
37 worker safety levels and site cleanup levels.

38 e Location-specific requirements are restrictions placed on the concentration of dangerous substances
39 or the conduct of activities solely because they occur in special geographic areas.
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1 * Action-specific requirements are usually technology-based or activity-based requirements or
2 limitations triggered by the remedial/removal actions performed at the site.

3 In summary, an environmental requirement is applicable if the specific terms or jurisdictional
4 prerequisites of a law or regulation directly address the circumstances at the site. If not applicable, an
5 environmental requirement may nevertheless be relevant and appropriate if (1) circumstances at the site
6 are, based on best professional judgment, sufficiently similar to the problems or situations regulated by
7 the requirement; and (2) the requirement's use is well suited to the site. Only the substantive requirements
8 (e.g., use of control/containment equipment, compliance with numerical standards) associated with
9 ARARs apply to CERCLA onsite activities. ARARs associated with administrative requirements, such as

10 permitting, are not applicable to CERCLA onsite activities (CERCLA, Section 121(e)(1)). This CERCLA
11 permitting exemption will extend to remedial/removal activities conducted at the 200-SW-2 OU.

12 CERCLA also provides for the identification of "to be considered" (TBC) information. TBC information
13 is defined as nonpromulgated advisories or guidance issued by federal or state governments that are not
14 legally binding and do not have the status of potential ARARs. In some circumstances, TBCs along with
15 ARARs determine the remedial/removal action necessary for protection of HHE. TBC information
16 generally complements ARARs in the determination of protectiveness at a site or in the implementation
17 of certain actions. For example, because soil cleanup standards do not exist for all contaminants,
18 screening levels, which would be TBCs, may be helpful in defining appropriate remedial/removal
19 action goals.

20 3.5.2 Waivers from ARARs
21 DOE, under its delegated authority to administer Section 121 of CERCLA, may waive ARARs and
22 select a remedial/removal action that does not attain the same level of site cleanup as that identified by
23 the ARARs. Section 121 identifies six circumstances in which DOE may waive ARARs for onsite
24 remedial/removal actions. The six circumstances follow:

25 e The remedial/removal action selected is only a part of a total remedial/removal action (such as an
26 interim action), and the final remedy will attain the ARAR upon its completion.

27 e Compliance with the ARAR will result in a greater risk to HHE than alternative options.

28 e Compliance with the ARAR is technically impracticable from an engineering perspective.

29 e An alternative remedial/removal action will attain an equivalent standard of performance using
30 another method or approach.

31 e The ARAR is a state requirement that the state has not consistently applied (or demonstrated the
32 intent to apply consistently) in similar circumstances.

33 e Compliance with the ARAR will not provide a balance between protecting HHE and the need to
34 allocate funds for other response actions.

35 After remedy implementation (post-ROD), if performance-monitoring data indicate that attainment of
36 ARARs is technically impracticable from an engineering perspective, then an evaluation may be
37 conducted to assess whether a technical impracticability (TI) waiver from one or more chemical-specific
38 ARARs is warranted. TI waivers only apply to that portion of the groundwater contaminant plume for
39 which restoration to ARARs is determined to be technically impracticable.

40 3.5.3 Potential ARARs for the 200-SW-2 OU
41 Table 3-3 contains potential ARARs and TBCs for the 200-SW-2 OU. These ARARs and TBCs will be
42 subject to further review and final presentation in the RI/FS report.
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Table 3-3. Potential Federal and Washington State ARARs and TBC Materials for the 200-SW-2 OU

Regulatory Citation
ARAR

Category Description of Regulatory Requirement Rationale for Including
Potential

Relevancy Possible Application

Groundwater

Safe Drinking Water Act of-1974 (Public Law 93-523, as amended; 42 USC 300f et seq.); 40 CFR 141, "National Primary Drinking Water Regulations"

40 CFR 141.61, "Maximum Contaminant
Levels for Organic Contaminants"

40 CFR 141.50 (b), "Maximum
Contaminant Level Goals for Organic
Contaminants"

40 CFR 141.62, "Maximum Contaminant
Levels for Inorganic Contaminants"

40 CFR 141.51 (b), "Maximum
Contaminant Level Goals for Inorganic
Contaminants"

40 CFR 141.66, "Maximum Contaminant
Levels for Radionuclides"

Chemical Establishes MCLs and MCLGs as criteria for groundwater and surface water
that are or may be used for drinking water. The standards or goals are
designed to protect human health from adverse effects of organic
contaminants in the drinking water.

Chemical Establishes MCLs and MCLGs as criteria for groundwater and surface water
that are or may be used for drinking water. The standards/goals are designed
to protect human health from adverse effects of inorganic contaminants in
the drinking water.

Chemical Establishes MCLs and MCLGs as criteria for groundwater and surface water
that are or may be used for drinking water. The standards/goals are designed
to protect human health from adverse effects of inorganic contaminants in
the drinking water.

Groundwater in the 200-SW-2 OU contains contaminants
that require remediation; although groundwater is not
currently used for drinking water, it is a potential drinking
water source.

Groundwater in the 200-SW-2 OU contains contaminants
that require remediation; it is not currently used for
drinking water but is a potential drinking water source.

Groundwater in the 200-SW-2 OU contains contaminants
that require remediation; it is not currently used for
drinking water but is a potential drinking water source.

ARAR Groundwater remediation and management activities
(e.g., groundwater treatment, discharge of treated
groundwater, in situ remediation of groundwater,
or MNA).

ARAR Groundwater remediation and management
(e.g., discharge of treated groundwater, in situ
remediation of groundwater, or MNA).

ARAR Groundwater remediation and management
(e.g., discharge of treated groundwater, in situ
remediation of groundwater, or MNA).

"Hazardous Waste Cleanup -- Model Toxics Control Act" (RCW 70.105D, as amended); WAC 173-340, "Model Toxics Control Act-Cleanup"

WAC 173-340-720(2), "Potable
Groundwater Defined"

WAC 73-340-720(4)(b)(i, iii)(A)&(B),
"Method B Cleanup Levels for Potable
Ground Water"

WAC 173-340-720(7), "Adjustments to
Cleanup Levels"

WAC 173-340-720(8), "Points of
Compliance"

WAC 173-340-720(9)(b-f), "Compliance
Monitoring:

WAC 173-303-64620(2), "Corrective
Action Requirements"

Chemical Groundwater cleanup levels are based on estimates of the highest beneficial
use and the reasonable maximum exposure expected to occur under both
current and potential future site use conditions.

Method B equations (720-1 and 720-2) to calculate groundwater cleanup
levels for noncarcinogens and carcinogens, respectively, only if "sufficiently
protective, health-based criteria or standards have not been established under
applicable state and federal laws." Groundwater cleanup levels are
established at concentrations that do not directly or indirectly cause
violations of surface water, sediments, soil, or air cleanup standards.

Groundwater in the 200-SW-2 OU contains contaminants
that require remediation; it is not currently used for
drinking water but is a potential drinking water source.

ARAR Groundwater remediation and management
(e.g., discharge of treated groundwater, in situ
remediation of groundwater, or MNA).

"Hazardous Waste Management" (RCW 70.105, as amended); WAC 173-303, "Dangerous Waste Regulations"

Chemical Provides standards for groundwater protection including background, MCLs,
and alternate concentration limits. The MCLs are established at the same
levels as SDWA MCLs. Where SDWA MCLs do not exist, health-based
alternate concentration limits may be established that are protective of HHE.

Some portions of the 200-SW-2 OU are regulated under
corrective action of the state's dangerous
waste regulations. These portions require
groundwater remediation.

ARAR Groundwater remediation and management
(e.g., discharge of treated groundwater, in situ
remediation of groundwater, or MNA).

"Water Well Construction" (RCW 18.104, as amended); "Minimum Standards for Construction and Maintenance of Wells" WAC 173-160

WAC 173-160-161, "How Shall Each
Water Well Be Planned and
Constructed?"

WAC 173-160-171, "What Are the
Requirements for the Location of the
Well Site and Access to the Well?"

Action Identifies well planning and construction requirements.

Action Identifies the requirements for locating a well.

Groundwater monitoring and treatment wells and borings
occur in the 200-SW-2 OU.

Groundwater monitoring and treatment wells and borings
occur in the 200-SW-2 OU.

ARAR Investigative and remediation activities that require
siting, installation, construction, operation, maintenance,
and decommissioning of wells and borings.

ARAR Investigative and remediation activities that require
siting, installation, construction, operation, maintenance,
and decommissioning of wells and borings.
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Table 3-3. Potential Federal and Washington State ARARs and TBC Materials for the 200-SW-2 OU

Regulatory Citation

WAC 173-160-181, "What Are the
Requirements for Preserving the Natural
Barriers to Ground Water Movement
Between Aquifers?"

WAC 173-160-400, "What Are the
Minimum Standards for Resource
Protection Wells and Geotechnical Soil
Borings?"

WAC 173-160-430, "What Are the
Minimum Casing Standards?"

WAC 173-160-440, "What Are the
Equipment Cleaning Standards?"

WAC 173-160-450, "What are the Well
Sealing Requirements?"

WAC 173-160-460, "What is the
Decommissioning Process for Resource
Protection Wells?"

ARAR
Category Description of Regulatory Requirement

Action Identifies the requirements for preserving natural barriers to groundwater
movement between aquifers.

Action Identifies the minimum standards for resource protection wells and
geotechnical soil borings.

Action Identifies the minimum casing standards.

Action Identifies the equipment cleaning standards.

Action Identifies the well sealing requirements.

Action Identifies the decommissioning process for resource protection wells.

Rationale for Including

Groundwater monitoring and treatment wells and borings
occur in the 200-SW-2 OU.

Groundwater monitoring and treatment wells and borings
occur in the 200-SW-2 OU.

Groundwater monitoring and treatment wells and borings
occur in the 200-SW-2 OU.

Groundwater monitoring and treatment wells and borings
occur in the 200-SW-2 OU.

Groundwater monitoring and treatment wells and borings
occur in the 200-SW-2 OU.

Groundwater monitoring and treatment wells and borings
occur in the 200-SW-2 OU.

Potential
Relevancy Possible Application

ARAR Investigative and remediation activities that require
siting, installation, construction, operation, maintenance,
and decommissioning of wells and borings.

ARAR Investigative and remediation activities that require
siting, installation, construction, operation, maintenance,
and decommissioning of wells and borings.

ARAR Investigative and remediation activities that require
siting, installation, construction, operation, maintenance,
and decommissioning of wells and borings.

ARAR Investigative and remediation activities that require
siting, installation, construction, operation, maintenance,
and decommissioning of wells and borings.

ARAR Investigative and remediation activities that require
siting, installation, construction, operation, maintenance,
and decommissioning of wells and borings.

ARAR Investigative and remediation activities that require
siting, installation, construction, operation, maintenance,
and decommissioning of wells and borings.

Soil and Vadose Zone

"Hazardous Waste Cleanup -- Model Toxics Control Act," (RCW 70.105D, as amended); MTCA (WAC 173-340)

WAC 173-340-745(5), "Soil Cleanup Chemical Rules set standards for degree of cleanup required by a remedial action
Standards for Industrial Properties" where industrial land use represents the reasonable maximum exposure

WAC 173-340-745(6), "Soil Cleanup under both current and future site use conditions. Total excess cancer risk

Standards for Industrial Properties, may not exceed 1 x 10' or a noncancer hazard index of 1 for chemical

Adjustments: contaminants.

OSWER Directive 9285.7-55, Guidance Chemical Provides a set of risk-based soil screening levels (Eco-SSLs) for several soil
]br Developing Ecological Soil Screening contaminants that are of ecological concern for terrestrial plants and animals
Levels at hazardous waste sites. Also describes the process used to derive these

levels and provides guidance for their use.

WAC 173-340-747(3) through (8), Chemical Establishes soil cleanup levels where industrial land use represents the
"Deriving Soil Concentrations for reasonable maximum exposure under both current and future site use
Groundwater Protection" conditions. Cleanup standards require specification of the following:

hazardous substance concentrations that protect HHE (cleanup levels), the
location of the site where cleanup levels must be attained ("points of
compliance"), and other regulatory requirements that apply to the cleanup
action because of the type of action or location of the site. These
requirements are specified in the applicable state and federal laws and are
generally established in conjuncture with the selection of a specific
cleanup action.

Soil in the 200-SW-2 OU contains contaminants that
require remediation. The requirements corresponding to
Method C soil cleanup levels will be used to calculate
cleanup levels based on an industrial land use, which is
different than the conservation/mining land use assigned
to this area.

Soil in the 200-SW-2 OU contains contaminants that
require remediation. Comparison to SSLs may be
appropriate for defining potential COCs. The SSL
comparison may also be appropriate to default to an
Eco-SSL for COCs that lack corresponding published
cleanup criteria in MTCA (WAC 173-340).

Soil in the 200-SW-2 OU contains contaminants that
require remediation.

ARAR Soil cleanup actions where concentration of hazardous
substances in the soil exceed Method C cleanup levels.

TBC Soil cleanup actions to protect ecological receptors.

ARAR Soil cleanup actions where concentration of hazardous
substances in the soil exceeds soil concentration for
protection of groundwater.
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Table 3-3. Potential Federal and Washington State ARARs and TBC Materials for the 200-SW-2 OU

Regulatory Citation

WAC 173-340-7490, "Terrestrial
Ecological Evaluation Procedures"

WAC 173-340-7493, "Site-Specific
Terrestrial Ecological Evaluation
Procedures"

WAC 173-340-7494, "Priority
Contaminants of Ecological Concern"

ARAR
Category Description of Regulatory Requirement Rationale for Including

Chemical Defines goals and procedures for determining whether a release of hazardous Soil in the 200-SW-2 OU contains contaminants that
substances to soil may pose a threat to the terrestrial environment. require evaluation to determine if ecological exposures
Characterizes existing or potential threats to terrestrial plants or animals have the potential to cause significant adverse effects.
exposed to hazardous substances in soil; and establishes site-specific cleanup
standards for the protection of terrestrial plants and animals.

Provides numeric concentrations of hazardous substances determined to
persist, bioaccumulate, or are highly toxic to terrestrial ecological receptors.
Concentrations listed in Table 749-2 (WAC 173-340-900, "Tables") are
based on protection of wildlife for industrial and commercial land uses, and
that are protective of plants and animals for other land uses.

Radionuclide ARAR Dose Compliance Concentrations for Superfund Sites

Potential
Relevancy Possible Application

TBC Soil remediation activities including containment, RTD,
and MNA.

OSWER Directive 9200.4-18,
"Establishment of Cleanup Levels for
CERCLA Sites with Radioactive
Contamination"

OSWER Directive 9200.4-3 1P,
Radiation Risk Assessment At CERCLA
Sites: Q&A (EPA/540/R/99/006)

OSWER Directive 9200.4-17P, "Use of Action
Monitored Natural Attenuation at
Superfund, RCRA Corrective Action,
and Underground Storage Tank Sites"

Chemical This memorandum presents clarification for establishing protective cleanup
levels in media for radioactive contamination at CERCLA sites. The EPA
has determined that the dose limits established by the NRC in 62 FR 39058,
"Radiological Criteria for License Termination Final Rule" (25 mrem/yr.
which is equivalent to 5 x 10 - increase lifetime risk) will not provide
a protective basis for establishing PRGs under CERCLA. A dose of
15 mrem/yr. effective dose (approximately equivalent to 3 x 10 - increase in
lifetime risk) is preferred as the maximum dose limit for humans.

In the final guidance, EPA further clarifies that 15 mrem/yr is not a
presumptive cleanup level under CERCLA. Rather, site decision makers
should continue to use the CERCLA risk range when ARARs are not used to
set cleanup levels. This is for several reasons, as using dose-based guidance
would result in unnecessary inconsistency regarding how radiological and
nonradiological (chemical) contaminants are addressed at CERCLA sites.

Provides the framework and appropriateness for using the MNA as a remedy
component for organic and inorganic contaminants.

Soil in the 200-SW-2 OU contains radioactive
contaminants that, if not remediated, could pose
unacceptable risk to human health.

Soil in the 200-SW-2 OU contains contaminants that
require remediation. The use of MNA as a remedy may
be appropriate.

TBC Development of soil cleanup levels.

TBC Soil remediation activities including MNA.

Air

"Washington Clean Air Act" (RCW 70.94, as amended): WAC 173-400, "General Regulations for Air Pollution Sources"

WAC 173-400, "General Regulations for Action
Air Pollution Sources"

WAC 173-400-040, "General Standards Action
for Maximum Emissions"

Defines methods of control to be employed to minimize the release of air
contaminants associated with fugitive emissions resulting from materials
handling, construction, demolition, or other operations. Emissions are to be
minimized through application of best available control technology.

All sources and emissions units are required to meet the general emission
standards unless a specific source standard is available. General standards
apply to visible emissions, particulate fallout, fugitive emissions, odors,
emission detrimental to health and property, sulfur dioxide, and fugitive
dust.

Soil and/or groundwater remedial actions implemented in
the 200-SW-2 OU have the potential to emit
emission subject to these standards because soil and
groundwater hazardous contaminants detected in the
200-SW-2 OU include covered hazardous air pollutants.

Soil and/or groundwater remedial actions implemented in
the 200-SW-2 OU have the potential to emit emission
subject to these standards because hazardous
contaminants detected in the 200-SW-2 OU include
covered regulated hazardous air pollutants.

ARAR Actions performed at the 200-SW-2 OU that could result
in the emission of hazardous air pollutants, including
decontamination, demolition, and excavation activities
implemented during a remedial action that have the
potential to emit visible, particulate, fugitive, and
hazardous air emissions and odors.

ARAR Remedial actions that have the potential to release
hazardous air emissions.
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Table 3-3. Potential Federal and Washington State ARARs and TBC Materials for the 200-SW-2 OU

Regulatory Citation

WAC 173-400-075 (1,3,6), "Emission
Standards for Sources Emitting
Hazardous Air Pollutants"

ARAR
Category Description of Regulatory Requirement

Action Establishes national emission standards for hazardous air pollutants. Adopts,
by reference, 40 CFR 61, "National Emission Standards for Hazardous Air
Pollutants," and appendices.

Rationale for Including

Soil and/or groundwater hazardous contaminants detected
in the 200-SW-2 OU include covered regulated hazardous
air pollutants.

Potential
Relevancy Possible Application

ARAR Actions performed at the 200-SW-2 OU that could result
in the emission of hazardous air pollutants, including
decontamination, demolition, and excavation activities
implemented during the remedial action that have the
potential to emit visible, particulate, fugitive, and
hazardous air emissions and odors.

"Washington Clean Air Act" (RCW 70.94, as amended), "Controls for New Sources of Toxic Air Pollutants" (WAC 173-460)

WAC 173-460-010, "Purpose"

WAC 173-460-030, "Applicability"

WAC 173-460-060, "Control
Technology Requirements"

WAC 173-460-070, "Ambient Impact
Requirement"

WAC 173-460-080, "First Tier Review"

WAC 173-460-150, "Table of ASIL,

SQER and de minimis Emission Values"

WAC 173 -470-100(2), "Ambient Air
Quality Standards," "Measurement
method"

WAC 173 -470-100(2), "Ambient Air
Quality Standards," "Measurement
method"

Action Establishes control of new sources emitting toxic air pollutants to prevent air
pollution, reduce emissions to the extent reasonably possible, and maintain
such levels of air quality as will protect human health and safety. Toxic air
pollutants include carcinogens and noncarcinogens listed in
WAC 173-460-150. Three major requirements of this regulation include
(1) implementation of best available control technology for toxics,
(2) quantification of toxic air pollutant emissions, and (3) health and safety
protection demonstration.

Hazardous contaminants detected in soil and/or
groundwater in the 200-SW-2 OU includes constituents
that would constitute toxic air pollutants if released to the
air.

ARAR Groundwater and soil remediation activities such as
treatment systems that have the potential to emit
hazardous air emissions and that would be considered a
new source.

"Washington Clean Air Act" (RCW 70.94, as amended); WAC 173-470, "Ambient Air Quality Standards for Particulate Matter"

Action The levels of PM-10 in the ambient air Particulate matter can be generated during the remedial ARAR Investigative and remediation activities
must be measured by: actions. Ambient air quality standards for particulate (e.g., excavation, RTD, containment) that have the

(a) 3RM based on 40 CFR 50, Appendix J and designated according to 40 matter will be considered if the remedial actions raise potential to emit particulate matter above maximum
emissions above the standard. acceptable levels

(b) A FEM designated according to 40 CFR 53.

Action The levels of PM-10 in the ambient air Particulates and dust can be generated during the ARAR Investigative and remediation activities
must be measured by:re dilatos (e.g., excavation, RTD, containment) that have the
(a) A FRM based on 40 CFR 50, Appendix J and designated according to 40 remedial actions.p(en., eipati culaDeatte)athax
CFR 53, or potential to emit particulate matter above maximum

acceptable levels.
(b) A FEM designated according to 40 CFR 53.

"Washington Clean Air Act" (RCW 70.94, as amended): WAC 173-480, "Ambient Air Quality Standards and Emission Limits for Radionuclides"

WAC 173-480-040, "Ambient Standard" Action

WAC 173-480-050 (1), "General Action
Standards for Maximum Permissible
Emissions"

Defines the maximum allowable level for radionuclides in the ambient air,
which shall not cause a maximum accumulated dose equivalent of
25 mrem/yr to the whole body or 75 mrem/yr to any critical organ. However,
ambient air standard under 40 CFR 61, Subparts H, "National Emission
Standards for Emissions of Radionuclides Other Than Radon from
Department of Energy Facilities," and I, "National Emission Standards for
Radionuclide Emissions from Federal Facilities Other Than Nuclear
Regulatory Commission Licensees and Not Covered by Subpart H," are not
to exceed amounts that result in an effective dose equivalent of 10 mrem/yr
to any member of the public.

At a minimum, all emission units shall make every reasonable effort to
maintain radioactive materials in effluents to unrestricted areas, ALARA.
Control equipment of sites operating under ALARA shall be defined as
reasonably available control technology and ALARA control technology.

Hazardous contaminants detected in soil and groundwater
in the 200-SW-2 OU include radionuclides that could
be emitted to ambient air during remedial actions.

The potential for fugitive and diffuse emissions due to
demolition and excavation and related activities will
require efforts to minimize those emissions.

ARAR Investigative and remediation activities
(e.g., excavation, RTD, demolition, ventilation,
vacuuming/exhaust) that have the potential to emit
radionuclides above maximum acceptable levels.

ARAR Investigative and remediation activities
(e.g., excavation, RTD, demolition, ventilation,
vacuuming/exhaust) that have the potential to emit
radionuclides above maximum acceptable levels.
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Table 3-3. Potential Federal and Washington State ARARs and TBC Materials for the 200-SW-2 OU

ARAR
Regulatory Citation

WAC 173-480-070 (2), "Emission
Monitoring and Compliance Procedures"

WAC 173-480-060, "Emission Standards
for New and Modified Emission Units"

Categ Iry Description of Regulatory Requirement

Action Requires that radionuclide emissions shall be determined by calculating the
dose to members of the public using Department of Health-approved
sampling procedures at the point of maximum annual air concentration in an
unrestricted area where any member of the public may be.

Action Requires that construction, installation, or establishment of a new air
emission control units utilize best available radionuclide control technology.

Rationale for Including

Hazardous contaminants detected in soil and groundwater
in the 200-SW-2 OU include radionuclides that could be
emitted to unrestricted areas during remedial actions.

Hazardous contaminants detected in soil and groundwater
in the 200-SW-2 OU include radionuclides that could be
emitted from air emission control units during
remedial actions.

"Nuclear Energy and Radiation" (RCW 70.98, as amended); WAC 246-247, "Radiation Protection -- Air Emissions"

WAC 246-247-035 (1) (a) (i), "National
Standards. Adopted by Reference for
Sources of Radionuclide Emissions"

WAC 246-247-040(3), "General
Standards"

WAC 246-247-040(4), "General
Standards"

WAC 246-247-075, "Monitoring,
Testing and Quality Assurance"

Action Establishes requirements equivalent to 40 CFR 61, Subpart H, by reference.
Radionuclide airborne emissions from the waste site shall be controlled so as
not to exceed amounts that would cause an exposure to any member of the
public of greater than 10 mrem/yr. effective dose equivalent.

Action Requires that emissions be controlled to ensure emission standards are not
exceeded.

Action Establishes the monitoring, testing, and quality assurance requirements for
radioactive air emissions.

Emissions from nonpoint and fugitive sources of airborne radioactive
material shall be measured. Measurement techniques may include, but are
not limited to, sampling, calculation, smears, or other reasonable method for
identifying emissions as determined by the lead agency.

Substantive requirements of this standard are applicable
because the remedial action may include activities such as
excavation, decontamination, and stabilization of
contaminated areas that many provide airborne emissions
of radioactive particles.

Hazardous contaminants detected in soil and groundwater
in the 200-SW-2 OU reactor sites include radionuclides
that could be emitted during remedial actions.

Hazardous contaminants in the 200-SW-2 OU waste sites
include radionuclides that could be emitted as airborne
radioactive material during remedial actions.

Potential
Relevancy Possible Application

ARAR Investigative and remediation activities
(e.g., excavation, RTD, demolition, ventilation, and
vacuuming/exhaust) that have the potential to emit
radionuclides to unrestricted areas above maximum
acceptable levels.

ARAR Investigative and remediation activities
(e.g., excavation, RTD, demolition, ventilation, and
vacuuming/exhaust) that require air pollution control
equipment and have the potential to emit radionuclides.

ARAR Investigative and remedial activities.

ARAR Investigative and remediation activities (e.g., RTD,
excavation, demolition, ventilation).

ARAR Investigative and remediation activities (e.g., RTD,
excavation, demolition, ventilation) that could be
emitted from fugitive sources.

Clean Air Act of 1990 and amendments; "Standards of Performance for New Stationary Sources" (40 CFR 60) and
"National Emission Standards for Hazardous Air Pollutants for Source Categories" (40 CFR 63)

40 CFR 60, Subpart 1111, "Standards of
Performance for Stationary Compression
Ignition Internal Combustion Engines"

40 CFR 60, Subpart JJJJ, "Standards of
Performance for Stationary Spark
Ignition Internal Combustion Engine"

40 CFR 63, Subpart ZZZZ, "National
Emission Standard for Hazardous Air
Pollutants for Stationary Reciprocating
Internal Combustion Engines"

Action The requirements for stationary engines changed May 3, 2013, to include
timers, maintenance plans, and meeting monitoring requirements.

This applies to all stationary engines. ARAR Anywhere a stationary engine is used at the facility.
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Table 3-3. Potential Federal and Washington State ARARs and TBC Materials for the 200-SW-2 OU

Regulatory Citation
ARAR

Category Description of Regulatory Requirement Rationale for Including
Potential

Relevancy Possible Application

Solid Wastes

Toxic Substances ControlAct of-1976(Pub L. 107-377, as amended; 15 USC Section 2605 et seq.); 40 CFR 761, "Polychlorinated Biphenyls Manufacturing, Processing, Distribution in Commerce, and Use Prohibitions"

40 CFR 761.50(b)1, 2, 3, 4 and 7,
"Applicability," "PCB Waste"

40 CFR 761.50(c), "Applicability,"
"Storage for Disposal"

40 CFR 761.60(a), "Disposal
Requirements," "PCB liquids"

40 CFR 761.60(b), "Disposal
Requirements," "PCB Articles"

40 CFR 761.60(c), "Disposal
Requirements," "PCB Containers"

40 CFR 761.61, "PCB remediation
waste"

Action Establishes general PCB disposal requirements for the storage and disposal
of PCB wastes including liquid PCB wastes, PCB items, PCB remediation
waste, PCB bulk product wastes, and PCB/radioactive wastes at
concentrations greater than 50 parts per million.

Action Establishes requirements applicable to the handling and disposal of PCB
liquids, PCB articles, and PCB containers.

Action Provides cleanup and disposal options for PCB remediation waste based on
the concentration at which the PCBs are found.

PCB wastes may be encountered and or generated during
the RI and subsequent remediation of the 200-SW-2 OU.

PCB liquids, articles, and/or containers may be
encountered and or generated during the remedial actions
for the 200-SW-2 OU.

PCB remediation wastes may be encountered and or
generated during the remedial actions for the
200-SW-2 OU.

ARAR Soil excavation and remediation, equipment and debris
handling and disposal, and IDW management
and disposal.

ARAR Equipment and debris handling, storage, and disposal;
IDW management and disposal.

ARAR Soil remediation, RTD, and IDW management
and disposal.

"Hazardous Waste Management" (RCW 70.105, as amended); WAC 173-303, "Dangerous Waste Regulations"

WAC 173-303-016, "Identifying Solid
Waste"

WAC 173-303-017, "Recycling
Processes Involving Solid Waste"

WAC 173-303-070, "Designation of

Dangerous Waste"

WAC 173-303-077, "Requirements for
Universal Waste"

WAC 173-303-120, "Recycled,
Reclaimed, and Recovered Wastes"

WAC 173-303-120(3), "Recycled,
Reclaimed, and Recovered Wastes"

WAC 173-303-120(5), "Recycling of
Used Oil"

WAC 173-303-140, "Land Disposal
Restrictions"

Action Establishes criteria for solid and recycled solid wastes.

Action Establishes the method for determining if a solid waste is a dangerous waste
(or an extremely hazardous waste).

Action Identifies those wastes exempted from regulation under WAC 173-303-140
and WAC 173-303-170, "Requirements for Generators of Dangerous
Waste," through 173-303-9907, "Reserved" (excluding WAC 173-303-960,
"Special Powers and Authorities of the Department"). These wastes are
subject to regulation under WAC 173-303-573, "Standards for Universal
Waste Management."

Action Defines the requirements for the recycling of materials that are solid
and dangerous waste. Specifically, WAC 173-303-120 (3) provides for the
management of certain recyclable materials, including spent refrigerants,
antifreeze, and lead acid batteries. WAC 173-303-120 (5) provides for the
recycling of used oil.

Action Establishes treatment requirements and disposal prohibitions for land
disposal of dangerous waste and incorporates by reference
WAC 173-303-140[2)][a], "Land Disposal Restrictions" and the federal land
disposal restrictions of 40 CFR 268, "Land Disposal Restrictions." These are
applicable to solid waste that is designated as dangerous or mixed waste in
accordance with WAC 173-303-070 (3),"Designation Procedures."

Solid wastes and/or recycled solid wastes may be
generated during the 200-SW-2 OU remedial actions.

Dangerous/hazardous waste may be generated during the
200-SW-2 OU remedial actions.

Universal wastes may be generated during the
200-SW-2 OU remedial actions.

Recycled, reclaimed, and recovered wastes may be
generated during the 200-SW-2 OU remedial actions.

Onsite land disposal may be a selected remedy for the
200-SW-2 OU dangerous waste and debris.

ARAR Investigative and remediation activities.

ARAR Investigative and remediation (including waste
treatment) activities that generate wastes (e.g., drums,
barrels, tanks, containers, bulk wastes, debris, and
contaminated soil).

ARAR FS remediation activities (disposal, storage, recycling,
and onsite treatment) that manage universal wastes
consistent with the requirements of the WAC.

ARAR FS remediation recycling activities consistent with the
requirements of the WAC and are not otherwise subject
to CERCLA as hazardous substances.

ARAR Investigative and remediation wastes destined for onsite
land disposal.
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Table 3-3. Potential Federal and Washington State ARARs and TBC Materials for the 200-SW-2 OU

Regulatory Citation

WAC 173-303-200, "Accumulating

Dangerous Waste On-Site"

WAC 173-303-64610, "Purpose and
Applicability"

WAC 173-303-64620, "Requirements"

WAC 173-303-610(2), "Closure and
Post-Closure"

WAC 173-303-665(6), "Dangerous
Waste Regulations," "Landfills,"
"Closure and post-closure"

ARAR
Category Description of Regulatory Requirement

Action Establishes the requirements for accumulating wastes onsite.
WAC 173-303-200 further includes certain substantive standards from
WAC 173-303-630, "Container Management," and 303-640, "Tank
Systems," by reference.

Action Establishes requirements for corrective action for releases of dangerous
wastes and dangerous constituents including releases from solid waste
management units.

Action Establishes closure requirements applicable to all dangerous waste facilities
and post-closure care requirements applicable to all regulated units (as
defined in WAC 173-303-040, "Definitions") at which dangerous wastes
will remain after closure (including tank systems, landfills, surface
impoundments, waste piles, and miscellaneous units).

Action Specifies closure and post-closure requirements for landfills.

Rationale for Including

Dangerous waste may be generated from the remedial
actions in the 200-SW-2 OU.

Releases of dangerous wastes and dangerous constituents
have occurred within the 200-SW-2 OU that may present
a threat to HHE.

Dangerous wastes may remain in the 200-SW-2 OU after
closure.

Containment may be considered as a remedial alternative.

Potential
Relevancy Possible Application

ARAR Management of dangerous waste during remedial and
investigative actions.

ARAR Investigative and remediation of dangerous wastes and
dangerous constituents from solid waste management
units and spill sites. Corrective action can also be
applied at treatment, storage, and/or disposal units
whenever a release occurs.

ARAR Remedial design and operation of regulated units that
contain dangerous wastes and that will remain in the
200-SW-2 OU after closure.

ARAR Design and operation of an engineered landfill cover.

"Solid Waste Management-Reduction and Recycling" (RCW 70.95, as amended); "Solid Waste Handling Standards" (WAC 173-350)

"Owner Responsibilities for Solid Waste Action
(WAC 173-350-025)

"Performance Standards"
(WAC 173-350-040)

"On-Site Storage, Collection and
Transportation Standards"
(WAC 173-350-300)

"Remedial Action"
(WAC 173-350-900)

Establishes minimum functional performance standards for the proper
handling and disposal of solid waste. Requirements for the proper handling
of solid waste materials originating from residences, commercial,
agricultural, and industrial operations, and other sources and identifies those
functions necessary to ensure effective solid waste handling programs at
both the state and local level.

Solid, nondangerous waste will be generated during
implementation of 200-SW-2 OU remedial actions.

ARAR Investigative and remedial actions that generate solid,
nondangerous waste.

Historical and Archeological Resources

NationalHistoric Preservation Act of-1966 (Pub. L 89-665, as amended, 16 USC 470 et seq.)

36 CFR 800, "Protection of Historic
Properties"

Location Legislation intended to preserve historical and archaeological sites in the
United States of America. Requires federal agencies to consider the impacts
of their undertaking on cultural properties through identification, evaluation,
mitigation processes, and consultation with interested parties.

Cultural and historic sites have been identified within the
200-SW-2 OU.

Protection and Enhancement of the Cultural Environment (Executive Order 11593)

36 CFR 65, "National Historic
Landmarks Program"

36 CFR 60, "National Register of
Historic Places"

Requires federal agencies to consider the impacts of their undertaking on
cultural properties through identification, evaluation, mitigation processes,
and consultation with interested parties.

Cultural and historic sites have been identified within the
200-SW-2 OU.

ARAR Investigation and remediation activities that occur in
areas near cultural or historic sites. Regulations
implementing Section 106 of the National Historic
Preservation Act of]966 will be met as required.

ARAR Investigation and remediation activities that occur in
areas near cultural or historic sites.
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Table 3-3. Potential Federal and Washington State ARARs and TBC Materials for the 200-SW-2 OU

Regulatory Citation
ARAR

Category Description of Regulatory Requirement Rationale for Including
Potential

Relevancy Possible Application

Native American Graves Protection and Repatriation Act of 1990 (Public Law 101-601,as amended, 25 USC 3001 et seq.) 43 CFR 10

43 CFR 10, "Native American Graves
Protection and Repatriation Regulations"

Location Establishes federal agency responsibility for discovery of human remains,
associated and unassociated funerary objects, sacred objects, and items of
cultural patrimony. Requires Native American Tribal consultation in the
event of discovery.

Native American archaeological, cultural, and historic
sites may be within the 200--SW-2 OU. Native American
remains and associated objects have the potential to
be present.

ARAR Investigations and remedial activities that affect Native
American archaeological, cultural areas, and historic
sites that contain associated remains and objects.

Archaeological and Historic Preservation Act of-1974 (Public Law 93-291, as amended; 16 USC 469a-1 through 469a-2(d)

16 USC 469a-1 through 469a-2(d),
"Applicant Requirements"

Location Requires that remedial actions do not cause the loss of any archaeological or
historic data. This act mandates preservation of the data; it does not require
protection of the actual waste site or facility.

Archaeological and historic sites have been identified
within the 200-SW-2 OU.

ARAR Investigation and remediation activities that occur in
areas near archeological or historic sites.

Natural and Ecological Resources

MigratoryBird Treaty Act of-1918 (16 USC 703-712; Ch. 128; July 13, 1918; 40 Stat. 755) as amended.

Migratory Bird Treaty Act o]] 918,
16 USC 703-712

50 CFR 83, "Rules Implementing the
Fish and Wildlife Conservation Act
of 1980"

DOE/EIS-0222F, Final Hanjord
Comprehensive Land- Use Plan (CL UP)
Environmental Impact Statement.

Location Protects all migratory bird species and prevents "take" protected migratory
birds, their young, or their eggs.

Location Preserve and promote conservation of nongame fish and wildlife and their
habitats.

Migratory birds occur in project area.

Nongame fish and or wildlife and their habitats may occur
in project areas.

ARAR Remedial actions that require mitigation measures to
deter nesting by migratory birds on, around, or within
remedial action site and methods to identify and protect
occupied birds' nests.

ARAR Remedial actions that impact nongame fish, and wildlife
and/or their habitats

Land Use & Exposure Scenarios

Location Establishes the future land-use projections for the Central Plateau. Land use in the Central Plateau is designated as an
industrial exclusive zone.

TBC

Eco-SSL

IDW

MCL

MCLG

ecological screening level

investigation-derived waste

maximum contaminant level

maximum contaminant level goal

PCB = polychlorinated biphenyl

SDWA =-Safi Water Drinking Act of 1974

SSL = soil screening level

1
2
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1 3.6 Preliminary Baseline Risk Assessment

2 The purposes of a BRA are to assess potential risks associated with residual contamination at a site under
3 baseline conditions (i.e., no further action), identify key radionuclide and chemical contributors to risk,
4 identify key exposure pathways, and determine if there is a need to take an action to reduce risks. Clay,
5 1991, "Role of Baseline Risk Assessment in Superfund Remedy Selection Decisions" (OSWER
6 Directive 9355.0-30) provides clarification of the role of the BRA in developing Superfund remedial
7 alternatives and supporting risk management decisions. This directive states that the BRA is part of the
8 RI. It further states the following:

9 The baseline risk assessment should "characterize the current and potential threats to
10 human health and the environment that may be posed by contaminants migrating to
11 groundwater or surface water, releasing to air, leaching through soil, remaining in the
12 soil, and bioaccumulating in the food chain" ([NCP] Section 300.430[d][4]).
13 The primary purpose of the baseline risk assessment is to provide risk managers with
14 an understanding of the actual and potential risks to human health and the environment
15 posed by the site and any uncertainties associated with the assessment. This information
16 may be useful in determining whether a current or potential threat to human health or the
17 environment exists that warrants remedial action.

18 A traditional risk characterization for human health direct contact or ecological risks is not being planned
19 because of the heterogeneous nature of the waste in the landfills and the large area over which the
20 landfills are located. Rather, the proposed characterization described in this work plan attempts to identify
21 the presence of complete risk pathways for all of the landfills (to groundwater or through vapor intrusion)
22 with additional emphasis placed on those landfills that potentially pose a greater risk if there has been a
23 release. For example, the 218-W-2 and 218-W-4A Landfills have the highest inventories of plutonium
24 and uranium, respectively.

25 For the UPRs and former liquid disposal sites, a two-step process is proposed in this work plan. In the
26 first step, information is gathered using nonintrusive techniques. Based on the step one findings and other
27 available information, additional data can be collected based on the DQO process to allow direct contact
28 and ecological risks to be characterized in the RI and alternatives developed and evaluated in the FS.

29 Risk pathways, if present, will be evaluated during the FS to determine an appropriate technology for
30 eliminating the pathway. For example, the FS will evaluate an alternative where a barrier is placed to
31 eliminate the pathway for human health direct contact and ecological receptors.

32 The following sections describe the general methodology for conducting the BRA for the locations where
33 quantitative risk characterization will be needed.

34 3.6.1 Human Health Risk Assessment Approach
35 The basis for human health risk assessment (HHRA) methods and parameters is provided in
36 EPA/540/1-89/002, Risk Assessment Guidancefor Superfund Volume I Human Health Evaluation Manual
37 (Part A) Interim Final.

38 3.6.1.1 Definition of Human Exposure Scenario
39 Human health risk assessments in the Inner Area will use an industrial worker exposure scenario.
40 EPA, 2015a, "Regional Screening Levels for Chemical Contaminants at Superfund Sites," and
41 EPA, 2015b, Preliminary Remediation Goalsfor Radionuclides, will form the basis for the industrial
42 worker scenario. Key assumptions are:
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1 * Exposure pathways selected for the industrial worker scenario are based on the assumption that direct
2 contact exposure is potentially complete to contaminants in soil.

Exposure Pathways - Chemicals: Exposure Pathways - Radionuclides:

Soil Ingestion Soil Ingestion

Inhalation of Dust and Volatiles Inhalation of Dust

Dermal Contact with Soil Direct (External) Exposure

3 * Exposure point concentrations for soil will include the standard POC (i.e., 4.6 m [15 ft]), based on
4 2007 MTCA (WAC 173-340). It may include a conditional POC proposed by DOE in the FS/CMS.

5 Table 3-4 describes the exposure parameters for the industrial scenario for radionuclides and
6 nonradionuclides.

7 3.6.1.2 Basis forAction
8 For protection of human health (direct contact), the CERCLA-defined basis for action for protection of
9 human health for radionuclides is one in 10,000. As of 2007, the MTCA (WAC 173-340) Method C basis

10 for action for chemicals is 1 in 100,000 cancer risk or a hazard index of one for noncancer hazards.
11 Ecological risk and groundwater protection will also be considered to establish a basis for action.

12 3.6.1.3 Identification of Contaminants of Potential Concern
13 For protection of human health (direct contact), a COPC is an analyte suspected of being associated with
14 site-related activities that represent a potential threat to human health and for which data are of sufficient
15 quality for use in a quantitative HHRA. The quantitative HHRA will evaluate a broad list of contaminants
16 (radionuclides and chemicals), initially. The characterization strategy for each OU will be used to identify
17 the list of contaminants. Identification of COPCs will take into consideration existing site characterization
18 data, process knowledge, and inventory estimates.

19 The risk characterization will discuss elevated soil background concentrations and their contribution to
20 site risks as well as naturally occurring elements that are not CERCLA hazardous substances, pollutants,
21 and contaminants. The contribution from naturally occurring metals and radioisotopes as well as
22 widespread anthropogenic radioisotopes will be evaluated in accordance with EPA 540-R-01-003,
23 Guidancefor Comparing Background and Chemical Concentrations in Soilfor CERCLA Sites.

24 The approach used for the evaluation of soil background will be the same as that used in the BRA in the
25 River Corridor OUs. Table 3-5 provides a summary of the 9 0 ' percentile and maximum Hanford Site soil
26 background concentrations.

27 Analytes that are not related to Hanford Site wastes or will not contribute significantly to human health
28 risks are not carried into a quantitative risk assessment. They include (1) radionuclides with a half-life
29 less than 3 years; (2) essential trace elements; (3) soil physical property measurements; and
30 (4) background or naturally occurring radionuclides such as potassium-40, thorium-232 and daughters;
31 and radium-226 and daughters. This approach is the same as used in the River Corridor OUs.

32 Applicable quantitative risks will not be assessed for analytes without appropriate toxicity values. Rather,
33 analytes without toxicity values will be discussed qualitatively as part of the risk characterization.

34 3.6.1.4 Exposure Assessment
35 The exposure assessment will address (1) methods for developing exposure point concentrations (EPCs)
36 in soil, (2) methods for calculating concentrations in air from EPCs in soil using EPA's screening models,
37 and (3) methods for developing EPCs in groundwater.
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Table 3-4. Summary of Industrial Scenario Exposure Parameters

Radiological Nonradiological

Exposure Parameter Symbol Units Value Source Value Source

Excess lifetime cancer Risk Unitless Analyte- Calculated Analyte- Calculated
risk specific specific

Hazard quotient HQ Unitless Not Not Analyte- Calculated
applicable applicable specific

Chronic daily intake CDI mg/kg- Analyte- Calculated Analyte- Calculated
day, pCi, specific specific
mg/m 3,

or pg/m'

Soil concentration Cs mg/kg or Analyte- Measured Analyte- Measured
pCi/g specific value specific value

Averaging time - ATc days Not -- 25,550 Default;
carcinogens applicable EPA/540/1-89

/002

Averaging time - ATnc days Not -- 9,125 Default;
noncarcinogens applicable EPA/540/1-89

/002

Body weight - adult BWa kg 80 EPA/600/R- 80 EPA/600/R-
090-052F, 090-052F,
Table 8-2 Table 8-2

Exposure frequency EFiw days/yr 250 Default; 250 Default; Clay,
Clay, 1991 1991

Exposure duration EDiw year 25 Default; 25 Default; Clay,
Clay, 1991 1991

Soil ingestion rate IRSiw mg/day 50 Default; 50 Default; Clay,
Clay, 1991 1991

Unit correction CF1 g/mg 0.001 Calculated Not applicable Not applicable
factor 1

Unit correction CF2 kg/mg Not Not 0.000001 Calculated
factor 2 applicable applicable

Unit correction CF3 yr/day 0.00274 Calculated Not applicable Not applicable
factor 3

Unit correction CF4 g/kg 1,000 Calculated Not applicable Not applicable
factor 4

Unit correction CF5 day/hour Not Not 0.0417 Calculated
factor 5 applicable applicable
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Table 3-4. Summary of Industrial Scenario Exposure Parameters

Radiological Nonradiological

Exposure Parameter Symbol Units Value Source Value Source

Unit correction factor CF6 pg/mg Not Not 1,000 Calculated
applicable applicable

Area correction factor ACF unitless Isotope- Eckerman, Not applicable Not applicable
specific 2007

Indoor exposure time ETjwi unitless 0.171 Site- Not applicable Not applicable
specifica

Outdoor exposure ETjw-0  unitless 0.056 Site- Not applicable Not applicable
time specific'

Gamma shielding GSF unitless 0.4 EPA/540- Not applicable Not applicable
factor R-00-007

Dermal absorption ABSd unitless Not Not Analyte- EPA/540/R/99
fraction applicable applicable specific /005

Worker skin surface SAiw cm 2  Not Not 3,470 EPA/600/R-
area applicable applicable 090-052F,

Table 7-2

Worker soil adherence AFiw mg/cm 2- Not Not 0.12 EPA/600/R-
factor day applicable applicable 090-052F,

Table 7-20

Gastrointestinal ABSGI unitless Not Not Analyte- EPA/540/R/99
absorption factor applicable applicable specific /005

Inhalation rate - adult INHa m 3/day 20 Default; Not applicable Not applicable
OSWER
Directive
9285.6-03

Worker air exposure ETjw-a hr/day Not Not 8 OSWER
time applicable applicable Directive

9200.1-120

Particulate emission PEF m3/kg 7.30E+10 OSWER 7.30E+10 OSWER
factor 9355.4-24 9355.4-24

Volatilization factor VF m3/kg Not Not Analyte- EPA
applicable applicable specific

Carcinogenic slope SFsi Risk/pCi Analyte- EPA 540-R- Not applicable Not applicable
factor for soil specific 97-036
ingestion

Carcinogenic slope SFx Risk/pCi Analyte- EPA 540-R- Not applicable Not applicable
factor for external specific 97-036
exposure
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Table 3-4. Summary of Industrial Scenario Exposure Parameters

Radiological Nonradiological

Exposure Parameter Symbol Units Value Source Value Source

Carcinogenic slope SFinh Risk/pCi Analyte- EPA 540-R- Not applicable Not applicable
factor for inhalation specific 97-036

Oral carcinogenic SFo (mg/kg- Not Not Analyte- EPA

slope factor day)-' applicable applicable specific

Oral reference dose RfDo (mg/kg- Not Not Analyte- EPA
day) applicable applicable specific

Unit risk factor IUR (pig/m 3)-1  Not Not Analyte- EPA
applicable applicable specific

Reference RfC mg/m3  Not Not Analyte- EPA
concentration applicable applicable specific

Decay constant X unitless 0.693 EPA/540- Not applicable Not applicable
R-00-007

Time t years 25 Default; Not applicable Not applicable
OSWER
Directive
9285.6-03

Note: Complete reference citations are provided in Chapter 8.

a. Based on 6 hr/day x 250 day/yr ((1,500 hr/yr)/(8,760 hr/yr)-1.

b. Based on 2 hr/day x 250 day/yr ((500 hr/yr)/(8,760 hr/yr)-1.

c. Values will be obtained from the sources described in Section 3.6.1.5, "Toxicity Assessment."

Table 3-5. Hanford Site Soil Background Concentrations

9 5 th

Percentile Maximum
Analyte Background Background

Analyte Name Class Units Value Value Source of Background Value

Anthropogenic and Naturally Occurring Radionuclides*

Cesium-137 RAD pCi/g 1.1 1.6 DOE/RL-96-12

Cobalt-60 RAD pCi/g 0.0084 0.039 DOE/RL-96-12

Europium-154 RAD pCi/g 0.033 0.079 DOE/RL-96-12

Europium-155 RAD pCi/g 0.054 0.098 DOE/RL-96-12

Gross Beta RAD pCi/g 23 25 DOE/RL-96-12

Plutonium-238 RAD pCi/g 0.0038 0.019 DOE/RL-96-12

Plutonium-239/240 RAD pCi/g 0.025 0.033 DOE/RL-96-12

Radium-228 RAD pCi/g 1.8 2.3 DOE/RL-96-12
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Table 3-5. Hanford Site Soil Background Concentrations

9 5 th

Percentile Maximum
Analyte Background Background

Analyte Name Class Units Value Value Source of Background Value

Strontium-90 RAD pCi/g 0.18 0.37 DOE/RL-96-12

Thorium-228 RAD pCi/g 1.4 1.6 DOE/RL-96-12

Total Beta
Radiostrontium RAD pCi/g 0.18 0.37 DOE/RL-96-12

Naturally Occurring Radionuclides

Potassium-40 RAD pCi/g 17 20 DOE/RL-96-12

Radium-226 RAD pCi/g 0.82 1.2 DOE/RL-96-12

Thorium-232 RAD pCi/g 1.3 1.6 DOE/RL-96-12

Uranium-233/234 RAD pCi/g 1.1 1.5 DOE/RL-96-12

Uranium-234 RAD pCi/g 1.1 1.5 DOE/RL-96-12

Uranium-235 RAD pCi/g 0.11 0.39 DOE/RL-96-12

Uranium-238 RAD pCi/g 1.1 1.2 DOE/RL-96-12

Metals

Aluminum METAL mg/kg 11,800 28,800 DOE/RL-92-24, Volume 1

Antimony METAL mg/kg 0.13 0.385 ECF-HANFORD-11-0038

Arsenic METAL mg/kg 6.47 27.7 DOE/RL-92-24, Volume 1

Barium METAL mg/kg 132 480 DOE/RL-92-24, Volume 1

Beryllium METAL mg/kg 1.51 10 DOE/RL-92-24, Volume 1

Boron METAL mg/kg 3.89 5.86 ECF-HANFORD-11-0038

Cadmium METAL mg/kg 0.563 2.98 ECF-HANFORD-11-0038

Calcium METAL mg/kg 17,200 105,000 DOE/RL-92-24, Volume 1

Chromium METAL mg/kg 18.5 320 DOE/RL-92-24, Volume 1

Cobalt METAL mg/kg 15.7 110 DOE/RL-92-24, Volume 1

Copper METAL mg/kg 22 61 DOE/RL-92-24, Volume 1

Iron METAL mg/kg 32,600 68,100 DOE/RL-92-24, Volume 1

Lead METAL mg/kg 10.2 74.1 DOE/RL-92-24, Volume 1

Lithium METAL mg/kg 13.3 19.2 ECF-HANFORD-11-0038

Magnesium METAL mg/kg 7,060 32,300 DOE/RL-92-24, Volume 1

Manganese METAL mg/kg 512 1,110 DOE/RL-92-24, Volume 1
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Table 3-5. Hanford Site Soil Background Concentrations

9 5 th

Percentile Maximum
Analyte Background Background

Analyte Name Class Units Value Value Source of Background Value

Mercury METAL mg/kg 0.013 0.029 ECF-HANFORD-11-0038

Molybdenum METAL mg/kg 0.47 3.17 ECF-HANFORD-11-0038

Nickel METAL mg/kg 19.1 200 DOE/RL-92-24, Volume 1

Potassium METAL mg/kg 2,150 7,900 DOE/RL-92-24, Volume 1

Selenium METAL mg/kg 0.78 0.84 ECF-HANFORD-11-0038

Silver METAL mg/kg 0.167 0.273 ECF-HANFORD-11-0038

Sodium METAL mg/kg 690 6.06E+03 DOE/RL-92-24, Volume 1

Thallium METAL mg/kg 0.185 0.523 ECF-HANFORD-11-0038

Isotopic Activity Conversion based
Uranium METAL mg/kg 3.21 4.04 on DOE/RL-96-12 values

Vanadium METAL mg/kg 85.1 140 DOE/RL-92-24, Volume 1

Zinc METAL mg/kg 67.8 366 DOE/RL-92-24, Volume 1

Ammonia ANIONS mg/kg 9.23 26.4 DOE/RL-92-24, Volume 1

Chloride ANIONS mg/kg 100 1,480 DOE/RL-92-24, Volume 1

Fluoride ANIONS mg/kg 2.81 73.3 DOE/RL-92-24, Volume 1

Nitrate ANIONS mg/kg 52 906 DOE/RL-92-24, Volume 1

Phosphate ANIONS mg/kg 0.785 225 DOE/RL-92-24, Volume 1

Sulfate ANIONS mg/kg 237 12,600 DOE/RL-92-24, Volume 1

Note: Complete reference citations are provided in Chapter 8.

* Background values listed are only for shallow soils (less than 4.6
zero applies to soil concentrations collected from deeper soils.

m [15 ft] below ground surface). A background value of

Development of Exposure Point Concentrations in Soil
Spatial exposure areas will be defined, and sampling and analytical data will be grouped for calculating
EPCs taking into consideration factors such as the nature and extent of contamination and process
knowledge. Depths in soil will be identified for grouping samples based on the characterization strategy
(up to a depth of 4.6 m [15 ft]). In general, soil samples collected from small waste sites will be grouped
into a single exposure area, while soil samples from large waste sites (e.g., ponds) may be separated into
more than one exposure area. Soil samples obtained from soil borings will include only those sample
intervals up to a depth of 4.6 m (15 ft).

Where sufficient data are available, EPA's ProUCL software will be used to calculate EPCs, which will
be the 95% upper confidence limit (UCL) of the average. As described in EPA's ProUCL guidance, if all
recommended methods to calculate the UCL provide a value that exceeds the maximum concentration,
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1 the maximum concentration in an exposure area will be used as the EPC. The flow chart developed for
2 deriving EPCs in the BRAs for River Corridor OUs will be incorporated into the Central Plateau risk
3 assessment to provide added details. Additional discussion will be provided in the uncertainty assessment
4 when ProUCL calculates a 95 percent UCL that is greater than the maximum detected concentration and
5 the maximum detected value is used.

6 Development of Exposure Point Concentrations in Air from Soil
7 Particulate emission factors for wind-blown dust and volatilization factors for VOCs (when appropriate)
8 will be calculated in accordance with EPA guidance (OSWER 9355.4-24, Supplemental Guidancefor
9 Developing Soil Screening Levels for Superfund Sites).

10 3.6.1.5 Toxicity Assessment
11 The toxicity criteria used for the human health cancer risk and noncancer hazard calculations will be
12 obtained from the sources described in the sections below.

13 Toxicity Values for Nonradionuclides
14 For nonradionuclides, the analyte-specific toxicity values are determined using the recommended
15 reference hierarchy as described in Cook, 2003, "Human Health Toxicity Values in Superfund Risk
16 Assessments" (OSWER Directive 9285.7-53). The hierarchy is the same as used in the BRAs for the
17 River Corridor OUs. A summary follows.

18 e Tier 1 - The EPA Integrated Risk Information System (IRIS)

19 e Tier 2 - The EPA Provisional Peer Reviewed Toxicity Values (PPRTVs)

20 e Tier 3 - Other Toxicity Values

21 Tier1-IRIS

22 The preferred source of toxicity data is the EPA IRIS database. Expert toxicologists at EPA have derived
23 the values in this database and the values have undergone a thorough review and validation both within
24 and outside of EPA. If a toxicity value is available in IRIS, that value will be used in preference to values
25 published in Tier 2 and Tier 3 sources.

26 Tier 2 - PPRTVs

27 If a toxicity value is not available in IRIS, the next source is the EPA PPRTVs. This source includes
28 toxicity values developed by the Office of Research and Development/National Center for Environmental
29 Assessment (NCEA)/Superfund Health Risk Technical Support Center. This database is not available to
30 the public, but is accessible to EPA risk assessors via the EPA intranet. These values are also published at
31 the EPA Regional Screening Levels website (EPA, 2015a). Tier 2 values are used in preference to Tier 3
32 values.

33 Tier 3 - Other Toxicity Values

34 Tier 3 includes additional EPA and non-EPA sources of toxicity information, including the following:

35 e The California EPA Toxicity Criteria Database (OEHHA, 2007), which contains toxicity values that
36 are peer reviewed and address both carcinogenic and noncarcinogenic effects

37 e The Agency for Toxic Substances and Disease Registry (ATSDR) Minimal Risk Levels for Hazard
38 Substances, which are peer-reviewed estimates of the daily human exposure to hazardous substances
39 that is likely to be without appreciable risk of adverse noncarcinogenic health effects over a specified
40 duration of exposure
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1 * Toxicity values in EPA 540-R-97-036, Health Effects Assessment Summary Tables: FY 1997 Update

2 When Tier 1, Tier 2, or Tier 3 toxicity values are not available for an analyte, the toxicity values from the
3 NCEA are used. The NCEA values can be found in the Risk Assessment Information System
4 (ORNL, 2013).

5 Toxicity Values for Radionuclides
6 The cancer slope factors for radionuclides will be obtained from EPA 540-R-97-036. These values are the
7 same as used in the BRA in the River Corridor OUs.

8 3.6.1.6 Risk Characterization
9 Risk estimates will be presented by exposure area and soil depth. The BRA will also discuss risk

10 estimates relative to Hanford Site background levels. The BRA will identify the COPCs that are
11 risk drivers.

12 3.6.1.7 Discussion of Uncertainties
13 Uncertainties in the HHRA calculations and/or conclusions will be presented in the RFI/CMS/RI/FS
14 document. The discussions will indicate if soil contaminant risks are likely overstated or understated.

15 3.6.1.8 Methods for Calculating Human Health Cleanup Levels
16 Cleanup levels for direct contact with radionuclides in soil, structures (including pipelines), and debris
17 will be developed using parameters for the industrial worker scenario identified in Table 3-4.
18 The guidance and exposure factors used in the EPA PRG calculator (EPA, 2015b) will be used to
19 calculate the radionuclides PRGs. The Outdoor Worker PRGs will be used to represent reasonable
20 maximum exposure for the industrial worker exposure to contaminated soil. For pipelines, structures, and
21 debris, the Outdoor Worker 2-D external exposure will be used to represent reasonable maximum
22 exposure. Table 3-4 provides the exposure parameters that will be used. PRGs corresponding to a 1 in
23 10,000 acceptable cancer risk level will be used for radionuclides.

24 Cleanup levels for direct contact with chemicals in soil, structures (including pipelines), and debris will
25 be developed using the assumptions from the 2007 MTCA (WAC 173-340-745, "Soil Cleanup Standards
26 for Industrial Properties") equations 745-1 and 745-2. PRGs will be developed based on a 1 in 100,000
27 acceptable cancer risk level or a noncancer hazard quotient of one. MTCA (WAC 173-340) equations will
28 be used to calculate PRGs based on direct contact (soil ingestion) and, where relevant, the PRG value will
29 be based on the inhalation exposure pathway when it is lower than soil ingestion. The cumulative cancer
30 risk threshold for chemicals is also 1 in 100,000, so adjustment to cleanup levels based on cumulative risk
31 may be relevant. Adjustments for multiple contaminants having similar mode of action or multiple
32 pathways of exposure will be made where appropriate.

33 3.6.2 Ecological Risk Assessment Approach
34 The ERA approach will follow EPA guidance and the Terrestrial Ecological Evaluation procedures
35 developed by MTCA (WAC 173-340). The ERAs will include, as appropriate, explanations of how the
36 methodology conforms to guidance and requirements identified in MTCA (WAC 173-340). The ERA
37 approach is the same as that used in the BRAs in the River Corridor OUs.

38 3.6.2.1 Identification of Contaminants of Potential Concern
39 These will be identified using the same process developed for the HHRA but will consider ecological
40 pathways and screening levels.
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1 3.6.2.2 Conceptual Ecological Site Exposure Model
2 The CSM for ecological exposure pathways will include the elements described by EPA/540-R-97-006,
3 Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting Ecological
4 Risk Assessments: Interim Final. Though not specifically referred to as a CSM, these same elements are
5 also part of the simplified terrestrial ecological evaluation procedures (WAC 173-340-7492, "Simplified
6 Terrestrial Ecological Evaluation Procedures") and site-specific terrestrial ecological evaluation
7 procedures under MTCA (WAC 173-340). Previously developed evaluations will be used, including the
8 conceptual model of ecological exposure pathways and receptors developed for the Tier 1 and Tier 2
9 ecological PRGs (CHPRC-00784, Tier 1 Risk-Based Soil Concentrations Protective of Ecological

10 Receptors at the Hanford Site; CHPRC-0 1311, Tier 2 Risk-Based Soil Concentrations Protective of
11 Ecological Receptors at the Hanford Site).

12 3.6.2.3 Evaluation of Biointrusion
13 The ERA will include a discussion of the depth of soil to which ecological receptors are exposed.
14 This discussion will utilize the analysis presented in CHPRC-00651, Evaluation ofBiointrusion Depths at
15 the Hanford Site for Protection of Ecological Receptors.

16 3.6.2.4 Exposure Assessment
17 The exposure assessment will use exposure parameters, representative species, and transfer factors found
18 in CHPRC-0 1311 and CHPRC-00784, already evaluated and used in ERAs in the River Corridor OUs.
19 Estimation of EPCs in soil will use the same data and parallel the methods as presented for the HHRA.

20 3.6.2.5 Effects Assessment
21 The effects assessment will be the same as that employed for the River Corridor OU BRAs.
22 The assessment will use wildlife toxicity reference values developed in CHPRC-0 1311 and
23 CHPRC-00784. The same soil thresholds protective of wildlife that were developed from these toxicity
24 reference values will be used for wildlife in the Central Plateau. Effects values for terrestrial plants and
25 invertebrates will be the soil threshold concentrations presented in ECF-HANFORD-1 1-0158, Tier 2
26 Terrestrial Plant and Invertebrate Preliminary Remediation Goals (PRGs) for Nonradionuclides for Use
27 at the Hanford Site, and CHPRC-00784.

28 3.6.2.6 Risk Characterization
29 Ecological risk characterization will use standard methods and approaches already employed along the
30 River Corridor, including the following:

31 (1) Calculation of ecological hazard quotients

32 (2) Evaluation of risk relative to established background levels to aid in identifying risk drivers
33 (3) Methods for characterizing risks when a scientific management decision point (SMDP) is reached

34 The scientific-management decision point is reached when exposures are higher than an ecological hazard
35 quotient of one (i.e., an EPC is higher than a PRG). The potential for population level risks to wildlife and
36 community level risks to plants and invertebrates will be evaluated and a risk management decision will
37 be made using the scientific-management decision point. The River Corridor OU BRAs used the same
38 approach. The SMDP will consider the following:

39 e Spatial characteristics of the remediated waste site (area and depth of the waste site)

40 e Proximity and size of other waste sites and unaffected habitat

41 e Extent of site characterization (sample density; characterization of lateral extent of contamination)
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1 e Data quality (presence of qualifiers, adequacy of detection limits)

2 e Frequency that risk-based thresholds are exceeded and the location(s) of those exceedances

3 e Chemical-specific properties of each COC (e.g., potential to biomagnify, persistence)

4 e Ecological receptor specific details

5 e Which feeding guild is affected (e.g., plants, insects, or omnivorous, herbivorous, insectivorous, or
6 carnivorous wildlife)

7 e Proportion of receptors affected

8 e Likelihood of population-level or community-level effects

9 e Home range of the receptors at risk relative to the area exceeding PRG

10 e Evaluation of PRG (level of confidence, basis, relation to other PRGs such as those for human health
11 or groundwater protection)

12 In the preparation of the ERA, risk assessors will evaluate potential risks to populations of mammals and
13 birds and to communities of plants and invertebrates and propose conclusions through the SMDP. Risk
14 managers from DOE and regulatory agencies will review and concur or revise the SMDP conclusions.

15 3.6.2.7 Methods for Calculating Ecological Cleanup Levels
16 PRGs have been developed for individual feeding guilds (for birds and mammals) and for plants and
17 invertebrates. PRGs for chemicals are based on lowest observed affect exposure levels and are found in
18 CHPRC-01311 and CHPRC-00784 (for birds and mammals) and ECF-HANFORD-1 1-0158 (for plants
19 and invertebrates).

20 PRGs for radionuclides are developed using the methods presented in DOE/RL-2011-50, using as a
21 protective threshold a dose limit of 0.1 rad/day for birds and mammals and 1.0 rad/day for plants and
22 invertebrates.

23 3.6.3 Contaminant Fate and Transport
24 The evaluation of groundwater protection will be based on DOE/RL-2011-50, which will form the basis
25 for all groundwater evaluations on the Central Plateau. The development of soil screening levels (SSLs)
26 and PRGs for groundwater protection will be based on protecting groundwater directly below each waste
27 site. Cumulative impacts from all waste sites and other sources within the Central Plateau will also
28 be evaluated.

29 The use of Subsurface Transport Over Multiple Phases (STOMP) (PNNL-12030, STOMP: Subsurface
30 Transport Over Multiple Phases Version 2.0: Theory Guide) as the fate and transport model to be used
31 for groundwater protection evaluations is established in DOE/RL-2011-50. To facilitate the modeling
32 approach for the Central Plateau, five hydrogeologic provinces were identified in DOE/RL-2011-50,
33 based on vadose zone hydrogeologic similarity. The characteristics, thickness, and vertical distribution of
34 the vadose zone sediments of the five provinces are provided in DOE/RL-2011-50. Other parameter
35 values used for the groundwater protection evaluation include ranges of distribution coefficient (Kd)

36 values and net infiltration rates.

37 For evaluation of groundwater protection for waste sites on the Central Plateau (including those within
38 the 200-SW-2 OU), Kd values identified for the River Corridor (DOE/RL-2010-95) will be used.
39 Because DOE/RL-2010-95 did not identify a Kd value for uranium, a Kd value of zero will be used for all
40 waste sites unless site-specific information is available.
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1 Long-term net infiltration rates will be defined as documented in DOE/RL-2011-50. To summarize,
2 4 mm/yr will be used as the long-term infiltration rate for two scenarios based on two future end states:

3 e Native land cover scenario: Assumes revegetation with native plants that will mature within about
4 30 years of remediation and vegetation.

5 e Evapotranspiration barrier scenario: Assumes installation of an evapotranspiration barrier at the
6 waste site(s). After the barrier is installed, the effective infiltration rate will be reduced to 0.5 mm/yr.
7 The barrier will be assumed to have a design life of 500 years. After that, net infiltration rates will
8 return to the natural land cover rate of 4 mm/yr.

9 To establish compliance of the groundwater protection evaluation approach with the requirements of
10 WAC 173-340-747(8), "Deriving Soil Concentrations for Groundwater Protection," a single crosswalk
11 for waste sites applicable across the Central Plateau will be developed. This crosswalk will follow the
12 structure documented in DOE/RL-2010-95. Following this development, and within each of the OUs,
13 each risk assessment will identify unique application aspects for waste sites and demonstrate how WAC
14 requirements are met.

15 3.6.3.1 Basis for Calculation of Screening Levels and Preliminary Remediation Goals
16 The evaluation of the groundwater protection approach involves the evaluation of the potential for
17 groundwater contamination from a given waste site (with known or assumed waste geometry) or the
18 calculation of SSLs or PRGs. SSLs and PRGs are soil and vadose zone concentrations that would not
19 impact groundwater above pre-defined levels. Consistent with DOE/RL-2011-50, Figure 3-1, the SSLs
20 will be used to identify COPCs, and the PRGs will be used to set cleanup levels.

21 For the SSL calculation, these soil concentrations would not impact groundwater concentrations above the
22 lowest value from the following:

23 e Chemicals; concentrations calculated for the EPA tap water scenario based on carcinogenic effects
24 calculated at a target risk level of 1 x 106, as applicable

25 e Radionuclides; concentrations calculated for the EPA tap water scenario based on carcinogenic
26 effects calculated at a target risk level of 1 x 10-5

27 e Concentrations calculated for the EPA tap water scenario based on noncarcinogenic effects calculated
28 at a hazard quotient value of 0.1, as applicable

29 The groundwater protection PRGs would be calculated as concentrations that would not impact
30 groundwater concentrations above the lowest value from the following:

31 e The federal and state maximum contaminant level values, where available

32 e EPA screening levels for radionuclides for which no maximum contaminant level is available;
33 groundwater cleanup level is calculated using the tap water scenario at an individual target risk level
34 of I x 10-4

35 e MTCA (WAC 173-340) Method B cleanup level for groundwater based on carcinogenic effects
36 calculated at a target risk level of 1 x 106, as applicable

37 e MTCA (WAC 173-340) Method B cleanup level for groundwater based on noncarcinogenic effects
38 calculated at a hazard quotient value of 1, as applicable
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1 3.6.3.2 Evaluation of Cumulative Impacts and Approach for Evaluation
2 of Alternative Point of Compliance
3 An alternative can be developed in the FS (and CMS, as applicable) that considers an alternative POC in
4 groundwater. The detailed evaluation of this alternative will consider the evaluation of cumulative
5 impacts, taking into consideration the upgradient groundwater contamination through the same
6 comprehensive approach as PNNL-1 1800, Composite Analysis fr Low-Level Waste Disposal in the
7 200 Area Plateau of the Hanford Site, and the cumulative impact analysis conducted for DOE/EIS-039 1,
8 Final Tank Closure and Waste Management Environmental Impact Statement f]r the Hanford Site,
9 Richland, Washington (TC & WM EIS). The following considerations will be defined for this evaluation:

10 o The alternative POC process will define a model domain (in space and time) that covers all the source
11 waste sites within the boundary as well as existing groundwater contamination. An example of this
12 boundary is shown in Figure 3-5. This proposed boundary encompasses all of the liquid effluent
13 disposal sites and the existing concentrated groundwater contamination areas within the Central
14 Plateau. The actual boundary will be determined through the RI/FS process (and RFI/CMS, as
15 applicable) for source OUs. The evaluation will be conducted for 1,000 years.

0Ou te r A r e a

1n n e r A r e a

Boundary for Evaluation of Cn ulative Effects to Groundwater River Corridor Basalt Above Water Table

Central Plateau Hanford Reach National Monument Mud Above Water Table

dnnerA a Water Table Contour Waste Site

Road

-0 1 2 0ifles

16 2/1121 C live etrovaluati

17 Figure 3-5. Boundary Proposed for the Evaluation of Alternative
18 Point of Compliance for Groundwater Protection
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1 * Inventory estimates for waste sites will include measurements for surface soils and the vadose zone,
2 as well as the following sources:

3 - Liquid disposal sites: Soil Inventory Model (SIM) mean values (PNNL-16940, Hanford Soil
4 Inventory Model (SIM) Rev. 2 Software Documentation - Requirements, Design, and Limitations)
5 will be used for the base case. Ranges of effluent volumes and associated contaminant
6 concentrations provided by SIM will be used to evaluate the uncertainties.

7 - Solid waste disposal sites: Inventory estimates will be developed based on available information
8 and available characterization measurements.

9 - Tank farms sources: Data will be obtained from the most recent leak assessment reports and
10 tank waste and ancillary equipment inventory estimates.

11 A range of end-state conditions for waste sites and groundwater will be evaluated using the same
12 approach documented in PNNL-14027, An Initial Assessment of Hanford Impact Performed with the
13 System Assessment Capability, which will be updated to reflect the current decisions and response
14 actions that have already been implemented for the groundwater contamination on the Central
15 Plateau, including perched water removal.

16 Cumulative impacts from waste sites, tank farms, and other sources within the Central Plateau will be
17 assessed and documented in a single primary TPA (Ecology et al., 1989a) document. This document will
18 be prepared following approval of the first work plan and prior to completion of the first RI/FS
19 (and RFI/CMS, as applicable) for the source OUs within the Hanford Site Central Plateau. Following
20 issuance of this document, each RI report for source OUs will reference this application document,
21 evaluate any necessary updates based on new information or updated elements of the CSMs, and evaluate
22 how the conclusions can change. Similarly, the composite analysis (required under DOE 0 435.1,
23 Radioactive Waste Management) will reference the same application document, evaluate any necessary
24 changes, and demonstrate the performance metrics required under this DOE order.

25 3.7 Conceptual Site Models

26 Landfill-specific operational information was gathered during the historical records research and from the
27 previous investigations for the 200-SW-2 OU landfills to update the CSMs. Landfill-specific CSMs are
28 presented in Appendix D.

29 The preliminary CSMs were developed to support remedial decision making processes. They further
30 acknowledge that the trench backfill material (in combination with the buried waste) most likely
31 experiences higher precipitation-infiltration rates (i.e., recharge) than undisturbed, vegetated soils located
32 adjacent to the landfills (PNL-10285, Estimated Recharge Rates at the Hanford Site). It is also recognized
33 that, following precipitation events, topographic low areas could receive moisture runoff from adjacent
34 areas of higher elevation. Although not easily depicted by the current CSMs included in this work plan,
35 waste may settle. Settling may cause localized topographic lows, commonly referred to as "sink holes" in
36 inspection documentation. Such topographic lows, in turn, may accentuate precipitation infiltration.
37 At this time, contaminant fate and transport associated with topographic lows have not been
38 characterized. While VOC contaminant migration beneath the landfill trenches has been characterized at
39 LLWMA-4 at 9.8 m (32 ft) below the surface, at shallower depths, the actual nature and extent are not
40 well understood because of the limited vadose zone sampling in these areas (SGW-37027, Burial Ground
41 Sampling and Analysis Results for October - December 2007).
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1 3.8 Preliminary Remedial Action Objectives

2 The NCP (40 CFR 300.430(e)(2)(i)) states that RAOs be developed specifying contaminants and media of
3 concern, potential exposure pathways, and remediation goals. For assessing data adequacy, this section
4 includes an initial identification of RAOs. The RAOs will be refined as needed, based on the BRA, and
5 used during the detailed analysis of alternatives conducted in the FS. The RAOs will be finalized and
6 documented in the ROD.

7 The following RAOs are preliminary descriptions of what the remedial action is expected to accomplish.
8 RAOs also are used to evaluate the various remedial alternatives and long-term protectiveness.

9 e RAO 1. Prevent or mitigate unacceptable risk to human health and ecological receptors associated
10 with radiological exposure to waste or soil contaminated above risk-based criteria for human health or
11 soil contaminant levels on a population or community level for ecological receptors.

12 e RAO 2. Prevent or mitigate unacceptable risk to human and ecological receptors associated with
13 chemical exposure to waste or soil contaminated above risk-based criteria for human health or soil
14 contaminant levels on a population or community level for ecological receptors.

15 e RAO 3. Control the sources of potential groundwater contamination to support the Central Plateau
16 groundwater goal of restoring and protecting the beneficial uses of groundwater.

17 3.9 Preliminary Remediation Goals

18 The PRGs are radionuclide-specific or chemical-specific concentration goals for particular media and
19 anticipated future use of land. The PRGs serve as targets used during the initial development, analysis,
20 and selection of cleanup alternatives. These goals should be protective of HHE and shall comply with
21 ARARs for all addressed exposure pathways.

22 For human health direct contact, PRGs will be developed as described in Section 3.6.1.8. Section 3.6.2.7
23 describes Ecological PRGs. For groundwater protection, development of PRGs will be based on the
24 process defined in DOE/RL-2011-50.

25 3.10 Preliminary Remedial Technologies and Process Options

26 Once the RAOs are established and the general response actions are developed, an initial screening of
27 available technologies and process options is conducted with the purpose of evaluating each technology
28 against the nine CERCLA criteria:

29 e Overall protection of HHE

30 e Compliance with ARARs

31 e Long-term effectiveness and permanence

32 e Reduction of toxicity, mobility, or volume

33 e Short-term effectiveness

34 e Implementability

35 e Cost

36 e State acceptance

37 e Community acceptance

38 According to EPA/540/G-89/004, "technology types" are defined as "general categories of technologies"
39 (such as in situ grouting, vapor extraction, or capping) and technology process options are "specific
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1 processes within each technology type." A wide span of technology types and process options are
2 evaluated, which refer to general categories of technologies and specific process options within each
3 technology type, respectively. For example, technology types could include ex situ treatment processing
4 or disposal. The process options for ex situ treatment processing could include either soil washing or
5 ex situ thermal desorption, while the process options for disposal could include backfill with treated soil
6 or onsite landfill at ERDF.

7 Process knowledge of the waste types, COPCs, and the CERCLA criteria will be used as evaluation
8 matrices to tabulate a list of candidate technologies. The screening process will consider the physical
9 specifications, OU process history, and operational logistics of each waste site type, but will focus primarily

10 on waste streams, COPCs, and extent of impact for sites where historical analytical data are available.

11 The preliminary candidate technologies to be considered during the CMS/FS process for vadose zone
12 remediation, presented in Table 3-6, will be evaluated for each landfill. Preliminary remedial technologies
13 will be screened in the CMS/FS for effectiveness, implementability, relative capital costs, relative
14 operation and maintenance costs, and sustainability. For the purpose of the CMS/FS, effectiveness refers
15 to the ability of the process option to perform as part of a comprehensive remediation plan to meet RAOs
16 under the conditions and limitations present at the site. Implementability refers to the relative degree of
17 difficulty anticipated in implementing a particular process option under regulatory, technical, and
18 schedule constraints posed by the site. An outline of the relationship between RAOs, general response
19 actions, remedial technology types, and process options is presented in EPA/540/G-89/004.

20 The RI/FS report will include a final determination regarding retention of technologies. In accordance
21 with EPA and NCP (40 CFR 300) guidance, technologies and process options are categorized as follows:
22 (1) general response actions, (2) remedial technology, and (3) process options. Technologies that are not
23 retained during the RFI/CMS/RI/FS report evaluation will be identified and a thorough explanation will
24 be provided in an appendix to the report. The results of the landfill type categorization process will
25 facilitate selection of appropriate technologies that are applicable for each waste site.

26 The preliminary list of technologies will be described in more detail in the RFI/CMS/RI/FS report using
27 technology fact sheets. The fact sheets, in general, will include the following:

28 e High-level concepts of the technology

29 e Conceptual graphic depicting the technology

30 e Simplified exposure model showing how the technology reduces or removes risk to receptors

31 9 Typical implementation steps
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Table 3-6. Preliminary Identification of Remedial Technologies for Vadose Zone Area Remediation of the 200-SW-2 OU
General

Response Remedial
Actions Technology Process Option COPC Applicabilitya Depth Range Description

Natural Monitored MNA Radionuclides with Shallow/deep Contaminants in the vadose zone are allowed to attenuate over time from natural biological processes, chemical processes, radioactive decay, and/or flushing from surface
attenuation natural reasonable half-lives. water infiltration. Rates of flushing must be low enough that groundwater standards are not exceeded. Involves ongoing monitoring to verify attenuation processes are

attenuation Select organic compounds occurring. Contingency measures are developed if attenuation is not adequate to control the risks. Typically combined with other technologies that manage the source areas
(MNA) and metals. and mitigate exposure. Fully mature technology.

Removal Excavations Standard excavations All Shallow Shallow soil in identified source areas is removed using conventional construction equipment. Excavation limited to approximately 6 m (20 ft) bgs. Excavated soil is
segregated (automated or laboratory-based) to determine disposal or treatment requirements.

Deep excavations All Deep Deep excavation with sloping and/or benching is a fully mature technology. Significant laybacks or a combination of innovative and mature technologies are required for
deep excavations. Excavated soil is segregated (automated or laboratory based) to determine disposal or treatment requirements.

Disposal Disposal Backfill treated soil All Shallow/deep Excavation and ex situ treatment followed by onsite disposal (backfill). Fully mature technology.

Onsite landfill All Shallow/deep Disposal of excavated soil at the Environmental Restoration Disposal Facility. Treatment performed at the facility as required to meet land disposal restrictions. Fully
mature technology.

Offsite landfill All Shallow/deep Disposal of excavated soil at offsite landfills. Fully mature technology.

Offsite repository (Waste Transuranic (TRU) waste Shallow/deep TRU waste is soil and debris containing alpha-emitting TRU radionuclides having half-lives greater than 20 years at concentrations greater than or equal to 100 nCi/g at the
Isolation Pilot Plant) time of assay. Transuranic radionuclides include elements with atomic numbers greater than 92, such as neptunium, plutonium, americium, and curium. TRU waste must be

packaged and shipped to the Waste Isolation Pilot Plant in Carlsbad, New Mexico.

Containment Surface Maintain existing soil cover All Shallow/deep The existing soil cover on a waste site is maintained and/or augmented as needed to provide protection from intrusion by biological receptors. Existing soil covers include
barriers soil stabilization covers and clean overburden.

Hanford barrier All Shallow/deep A prototype, nine-layer earthen barrier with a total thickness of 4.5 m (11.8 f). Constructed over a waste site at Hanford in 1994 to provide long-term protection of
radioactive wastes in a semiarid environment. Designed to be impermeable to prevent surface water infiltration through the vadose zone and limit contaminant leaching to
groundwater. Will also prevent direct contact to contaminants via biological intrusion.

Modified RCRA Subtitle C All Shallow/deep Modified RCRA Subtitle C Barriers are designed for hazardous waste, Category 3 and Category 1 (mixed) low-level waste. Modified RCRA Subtitle D Barriers are
and/or D barrier designed for nonradiological and nonhazardous solid waste or Category 1 low-level waste where hazardous constituents are not present. Various modifications to a

RCRA C barrier designed to be site-specific. Number of layers can vary from four to seven. Modified RCRA D is composed of approximately four layers with a relative
thickness of 0.9 m (2.9 fi).

Barriers are generally designed to be impermeable to prevent surface water infiltration through the vadose zone and limit contaminant leaching to groundwater. May also

prevent direct contact to contaminants.

Asphalt/concrete cap All Shallow/deep Asphalt/concrete caps consist of asphalt and aggregate that is placed to form a surface barrier between waste area and the environment. This technology is well established.
Asphalt/concrete caps are simple to construct. Typically used in the short term (75 years) to promote drainage, prevent infiltration into possible sources, and prevent
exposure to contaminated soil.

Vegetative cap All Shallow/deep Capillary barrier, which consists of a fine-grained soil layer overlying a relatively coarse-grained soil layer. The distinct textural interface in capillary ET barriers between
(evapotranspiration cap the fine and coarse soil layers creates a capillary break, which functionally increases the water-holding capacity of the fine-grained soil over that associated with unimpeded
[ET]) vertical drainage. Water will not flow into the coarse layer until the water content approaches saturation in the fine-grained soil layer. If the textural interface is sloped,

water will move laterally in the fine-soil layer above the interface, providing an additional mechanism for water removal.

Horizontal Jet grouting, soil freezing All Shallow/deep Barriers placed beneath the contaminated zone to limit further migration. Jet grouting is the injection of a grout mixture at very high pressures and velocities into the pore
subsurface space of the soil or rock through small orifices located in the drill pipe above drill bit. Soil freezing involves placement of cooling media distribution systems into the
barriers subsurface to freeze the soil pore water below the contamination. Frozen soil barriers (or cryogenic barriers) are constructed by freezing.

Source: DOE/RL-2001-41, Sitewide Institutional Controls Plan frr Hanlbrd CERCLA Response Actions and RCRA Corrective Actions.

a. Indicates the contaminants that can be addressed by a technology based on geochemical properties. A COPC applicability of "All" indicates implementation of a technology is not dependent on the nature of a chemical.

b. Depth range is based on practical limitations of implementing the given technology. Shallow is < or = 15 ft bgs; deep is > 15 ft bgs.
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1 4 Remedial Investigation/RCRA Facility Investigation and Feasibility
2 Study/Corrective Measures Study Data Needs

3 This chapter presents the data needs based on the initial evaluations described in Chapter 3. The field and
4 analytical tasks necessary to fulfill the identified data needs are presented in Chapter 5.

5 The initial assessment of data needs was conducted via the DQO process (Appendix J). This chapter
6 describes the data needs and examines additional data needs associated with meeting the work plan
7 objectives and supporting the FS/CMS. If during the RFI/CMS/RI/FS process additional data needs are
8 identified to support development of remedial alternatives, a supplemental DQO and SAP will
9 be developed.

10 4.1 Strategy for Defining Data Needs

11 Data gathering occurs at various stages in the RFI/CMS/RI/FS, remedial design, and remedial
12 action process:

13 * Decision stage: Data are collected during the RFI/CMS/RI/FS to support the following actions:

14 - Identify contaminant sources

15 - Identify landfills that have sufficient data to satisfy some or all the principal study questions
16 (PSQs)

17 - Evaluate the nature and extent of contaminants in environmental media

18 - Evaluate potential risks to human health and the environment

19 - Determine the need for action through the BRA

20 - As appropriate, support remedy treatability testing and the development and evaluation of
21 remedial action alternatives to mitigate unacceptable risks

22 - Support establishing performance metrics for vadose zone remedies that will support remedy
23 alternative development

24 * Remedial design stage: Additional field data may be collected to support remedial design.
25 For example, additional data may be collected to refine quantification of natural attenuation, to refine
26 targets for remedy actions in order to obtain performance goals, or to evaluate appropriate
27 sequencing of remedy elements as for an adaptive approach.

28 * Remedy implementation stage: Additional confirmation or verification data may be obtained to
29 support remedy implementation, transition between stages of a remedy, and/or remedy optimization.
30 Data collection and monitoring during remedy implementation may be progressive and tied to the
31 stages of remediation. Monitoring implementation builds on the CSM established during the decision
32 and remedial design stages and can be tailored to focus on diagnostic elements of the contaminant
33 system as remediation progresses from initial implementation and performance assessments toward
34 longer term management.

35 * Remedy completion stage: Data may be collected during this stage to verify that the remedy has
36 been effective and mitigated the identified risk for the landfills, and that the remedial action
37 is complete.
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1 This work plan presents an evaluation of available data to determine data needs. Information concerning
2 the nature and extent of contamination at waste sites was assessed to determine whether sufficient data
3 exist to evaluate risks and consequently develop an appropriate remedial decision. Based on the data
4 collected during the RI/RFI, treatability tests may be conducted for 200-SW-2 OU contaminant
5 mitigation technologies, contained precipitation, or liquids in the landfill that contributed to contaminant
6 infiltration.

7 4.2 Data Quality Objectives Evaluation

8 The approach to identifying the data needs relies on the DQOs (Appendix J). The rationale for the
9 proposed characterization is to address the data needs that are directly based on many factors, including

10 the following:

11 e Landfill type, size, contents (based on historical records), and years of operation

12 e Collocated sites and proximity to other landfills (including Green Islands)

13 e Trench configuration (used and unused portions)

14 e Previous investigations (TRU excavations, soil gas sampling, and surface radiation)

15 e Proposed TRU excavations

16 Based on these factors, the PSQs and decision rules are shown in Table 4-1.

Table 4-1. 200-SW-2 OU Principal Study Questions and Decision Rules

Principal Study Question Decision Rule

1 What data are required to support evaluation of risk, If the design of the RFI/CMS/RI/FS characterization
pathways, and development of remedial action approach was sufficient to support evaluation of risk,
alternatives? pathways, and development of remedial action

alternatives, then perform the evaluation of risk and
select the appropriate alternative; otherwise, additional
data will need to be collected.

2 Was enough data collected to support the If enough data were collected to support the
RFI/CMS/RI/FS and selection of remedial action RFI/CMS/RI/FS and select remedial action alternatives,
alternatives? then select the appropriate alternative; otherwise,

additional data will need to be collected.

3 Was enough data collected to evaluate whether buried If enough data were collected to evaluate whether buried
waste presents a long-term effect on HHE? waste presents a long-term effect on HHE, then select

the appropriate alternative; otherwise, additional data
will need to be collected.

HHE = human health and the environment

RFI/CMS/RI/FS = RCRA field investigation/corrective measures study/remedial investigation/feasibility study

17

18 A combination of intrusive and nonintrusive methods were identified to collect information regarding the
19 nature and extent of landfill contaminants, potential risks to HHE (i.e., relevant risk pathways), support
20 treatability testing, and support remedial action alternative development. The proposed characterization
21 tasks for each landfill and the PSQs they satisfy are described in the SAP (Appendix A, Table A-9) and
22 are related to their specific data needs as described in the CSM in Appendix D (Data Evaluation and Data
23 Gap Summary).
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1 4.3 Data Needs for 200-SW-2 Operable Unit Landfills

2 The data needs for the landfills that are described here were determined in a series of workshops with
3 Ecology and RL. The characterization activities proposed to address 200-SW-2 OU data needs include
4 the following.

5 * Aerial Radiological Surveys. A wide-area radiological survey map of the eastern and western
6 portions of the Inner Area will be made to provide additional information about near-surface
7 radioactive (beta and gamma) contamination. This characterization task satisfies PSQ 1 and PSQ 2.
8 The aerial radiological survey will be done to measure radiation emissions from the ground surface in
9 the area of the landfills and will be used to evaluate the potential for direct human and ecological

10 exposure. The survey will use a grid spacing of 30.5 m (100 ft) and will be conducted at an elevation
11 of 15 m (50 ft) above the ground surface using fixed-wing aircraft or a helicopter. Additional
12 information regarding the aerial radiological survey is presented in the SAP (Appendix A).

13 * Baseline Geophysical Investigations. Baseline geophysical investigations will be performed at
14 landfills that have not been investigated previously or where the trench locations are suspect.
15 This characterization task satisfies PSQ 1 and PSQ 2.These investigations can provide data regarding
16 waste trench location and configuration, existence of potential anomalies, and metallic objects
17 beneath the surface. The baseline geophysical methods include ground-penetrating radar,
18 electromagnetic induction, and total magnetic field. The data will support selecting locations for
19 passive soil gas samples and potentially adjusting the locations of the direct pushes and horizontal
20 borings proposed.

21 * Passive and Active Soil Gas Sampling. Passive soil gas sampling will be performed on landfills
22 where geophysical anomalies (i.e., barrels and tanks) were identified during the baseline geophysical
23 investigation and in the area of the Green Islands. Additional locations may be selected based on a
24 review of the landfill records. For landfills where there have been no previous investigations, it is
25 assumed that one passive soil gas sample per acre will be collected.

26 - The soil gas samples will be used to identify release mechanisms (such as VOCs from barrels and
27 tanks containing organic compounds). This characterization task satisfies PSQ 1 and
28 PSQ 2.Additional information regarding active and passive soil gas sampling is presented in the
29 SAP (Appendix A).

30 - Active soil gas sampling locations will be based on the results of the passive soil gas sampling.
31 Active soil gas samples will be collected in areas where "hits" of passive soil gas greater than
32 1,000 ng were measured. Prior to collecting the active soil gas sample, additional passive soil gas
33 samples will be collected in a "T" pattern at 15 m (50 ft) intervals (up to 61 m [200 ft]) in four
34 directions to confirm the location of the highest passive soil gas hit.

35 * Advanced Geophysical Investigations. Advanced geophysical investigations are proposed for some
36 landfills. This characterization task satisfies PSQ 1 and PSQ 2. These investigations could identify
37 preferential pathways for landfill contaminants in the vadose zone to reach groundwater.
38 The proposed methodologies include MASW, STS electrical resistivity, and ERT. The MASW
39 method will be used to look for preferential pathways below the landfill. The STS and ERT will be
40 used to look for fluid (i.e., liquid contamination) in the vadose zone below the landfills.
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1 The rationale for the landfills that were selected for advanced geophysics include the following:

2 e Evaluate historical liquid infiltration and the potential for preferential pathways (ponding, episodic
3 water, or disposal of large quantities of water [i.e., T Ponds and the 216-C-9 Pond]). In the case of the
4 ponds, liquid infiltration may have occurred before the area was used as a landfill. However,
5 contamination could be present in the vadose zone below the landfills.

6 e Develop a better understanding of the vadose zone below landfills with relatively few records

7 The MASW method will be done at the same time that the baseline geophysical investigations are
8 performed. The STS method will follow the MASW, and the ERT will be done last. The locations
9 for the STS and ERT will be based on the results of the MASW.

10 The proposed locations of the direct pushes and the horizontal borings may change based on the
11 MASW results. In other words, if preferential pathways are identified from the MASW data, then a
12 direct push or horizontal boring may be relocated so a sample from the potential pathway can be
13 collected. Additional direct push samples may also be added. The landfills to be investigated using
14 these methods are identified in the SAP (Appendix A).

15 * Direct Push Samples and Horizontal Borings. The direct pushes and horizontal borings could
16 identify release and transport media to the vadose zone adjacent to and below select landfills.
17 This characterization task satisfies PSQ 1 and PSQ 2. Samples collected from the direct pushes and
18 horizontal borings will be analyzed for COCs.

Direct pushes will be conducted between the trenches so
that no waste will be sampled or disturbed, but they will
extend to below the bottom of the trenches. The proposed
locations of the pushes ensure that all the landfill areas
have at least one push. Additional pushes are proposed in
areas with a history of hydraulic driving force (i.e.,
T Ponds, 216-C-9, or episodic ponding), areas with a
higher potential for historic releases (the former Z Plant
burn pit), and areas adjacent to Green Islands. It is noted
that the locations of the direct pushes as shown in this
work plan were determined collaboratively in a series of
workshops with Ecology and DOE. As part of selecting
the locations, historical information and professional

Landfills showing evidence of
higher potential risk will receive
more intensive study. The vadose
zone will be thoroughly
investigated to determine
moisture levels and the degrees
of mobile contaminant spread,
with special emphasis placed on
those landfills over former
pond sites.

judgment were used. The proposed locations described in the SAP may be changed based on soil gas
and geophysical data.

Direct push soil samples will be collected at 1.5 m (5 ft) intervals and will be completed 18 m
(60 ft) bgs (all trenches are less than 9 m [30 ft] deep). Samples will be collected as the probe is
driven. Sample results will provide information on contamination beneath and adjacent to the landfills
and will support geophysical data interpretation. Additional information regarding the direct push
sampling is presented in the SAP (Appendix A).

Horizontal borings are proposed to be installed beneath select landfills to investigate the vadose zone
for releases. Samples will be collected under the center of each trench. In addition, the borings may
be equipped with instrumentation so that monitoring can be done in the future. Additional information
regarding the horizontal borings is presented in the SAP (Appendix A).
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1 The rationale for select direct push and horizontal boring locations includes the following:

2 * They are based on trench density, landfill type, and Green
3 Islands. The proposed locations are tentative and will be Limited excavations are planned
4 confirmed based on the geophysics and soil gas sampling in 15 landfills in accordance with
5 results. It is noted that the locations of the horizontal the Hanford Advisory Board
6 borings as shown in this work plan were determined (HAB) recommendation that an
7 collaboratively in a series of workshops with Ecology and "observational approach" be

8 DOE. As part of selecting the locations, historical adopted where additional

9 information and professional judgment were used. information about landfill waste is
needed.

10 * They ensure wide areal coverage of of the landfills. For
11 example, more pushes and borings are proposed for the
12 218-E-12B Landfill because it is relatively large. Conversely, smaller landfills have fewer proposed
13 pushes and/or borings.

14 * Five pushes are proposed for the 218-E-1 Landfill because it is isolated and has few records.

15 * The horizontal boring lengths are limited to 152 to 183 m (500 to 600 ft) and will require a pit for the
16 drill rig so an area that is "clean" is required adjacent to the trenches.

17 * Some of the horizontal borings are in areas of high-density trench locations to obtain as much data as
18 possible from areas that may have had potential releases (e.g., under the trenches).

19 * A relatively large number of direct pushes are proposed in the 218-W-4A Landfill because it has the
20 most uranium disposed of any of the landfills and the fourth highest quantity of plutonium. Similarly,
21 the 218-W-2A Landfill has a relatively high number of pushes and a horizontal boring because it has
22 the largest quantity of disposed plutonium. The reasoning behind this approach is that if there have
23 been releases of uranium or plutonium from any of the 200-SW-2 OU landfills; it is likely to have
24 occurred from 218-W-2A or 218-W-4A because they have the greatest quantities of disposed uranium
25 and plutonium. If releases are detected under 218-W-4A or 218-W-2A, then investigations under
26 other landfills with high uranium and/or plutonium disposal may be merited.

27 * A horizontal boring under the 218-W-2A Landfill is tentatively proposed because it is the former
28 T Ponds location. The T Ponds may have provided a driving force that transported mobile
29 contaminants that are not necessarily from the landfill waste into the vadose zone below the landfill.

30 * A direct push is tentatively proposed in the area of the former Z Plant burn pit, which is collocated in
31 the 218-W-4C Landfill.

32 * Test Pit Excavations. Focused and random test pits will be excavated in select landfills to confirm
33 waste burial records. This characterization task satisfies PSQ 1, PSQ 2, and PSQ 3. The
34 200-SW-2 OU landfills will have test pits unless they meet one or more of the following
35 characteristics:

36 - Highly radioactive wastes are recorded in any part of the landfill (for >120 R/hr at burial; this
37 primarily applies to TSD landfills)

38 - Waste is mainly packaged in large boxes (test pits not needed because waste would not be visible)

39 - Photographic history demonstrates good correlation with records (test pits not needed)

40 - Good burial records (test pits not needed)
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1 In each landfill selected for test pits, one focused and one random pit will be excavated. The method
2 for selecting the pit locations and the specific locations for each are described in the SAP
3 (Appendix A). In general, the focused locations are based on historical process knowledge, and it is
4 anticipated that these excavations will confirm the locations of the recorded landfill contents.
5 The random locations are based on random coordinates selected using the random number generator
6 in Microsoft® Excel®1 . Additional information regarding the test pits is provided in the SAP
7 (Appendix A).

8 * Multi-Detector Probe. The multi-detector probe will be used to investigate the level of radioactive
9 (beta and gamma) contamination in the caissons. This characterization task satisfies PSQ 1, PSQ 2,

10 and PSQ 3.Additional information regarding multi-detector probes is presented in the SAP
11 (Appendix A).

12 4.4 Treatability Studies

13 Under CERCLA, treatability studies are an important component of the RI/FS process and the RD/RA
14 process. These studies provide site-specific data that aid in the screening, selection, and implementation
15 of potential remedial actions. Treatability studies also provide performance and cost information that is
16 needed to evaluate remedial alternatives.

17 At this point in the work plan development, no treatability studies are anticipated for the 200-SW-2 OU.
18 As appropriate, the candidates for treatability testing under the work plan will be selected based
19 on a review of previous Hanford Site technology screenings and from results of recent technology
20 development efforts.

21 4.5 Innovative Investigation Techniques

22 Three of the investigation techniques proposed for use at the 200-SW-2 OU landfills have a limited
23 history of deployment at the Hanford Site: horizontal boring, downhole ERT, and MASW. A fourth
24 technique is deriving concentrations from passive soil gas by scaling the passive data with the
25 simultaneous collection of active soil gas samples. Future innovative techniques, if any, will be evaluated
26 to determine if they have significant advantages over currently employed techniques before they are used
27 at the 200-SW-2 OU.

1 Microsoft and Excel are either registered trademarks or trademarks of Microsoft Corporation in the United States
and/or other countries.
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5 Remedial Investigation/Feasibility Study and
RCRA Facility Investigation/Corrective Measures Study Tasks

This chapter describes the 12 tasks that will be completed during the RFI/CMS/RI/FS process. These
descriptions incorporate the RI/RFI site characterization field and analytical tasks necessary to fulfill the
data needs presented in Chapter 4, data evaluation methods, analysis of remedial alternatives, reporting,
and the preliminary determination of tasks to be conducted after completion of the RFI/CMS/RI/FS.
Figure 5-1 illustrates the typical relationships among the CERCLA RI/FS tasks and the RCRA
RFI/CMS tasks.

Task 1: Scoping Project Planning

Task 2: Community Relations

Task 3: Field Investigation
Task 4: Sample AnalysisNalidation
Task 5: Data Evaluation
Task 6: Assessment of Risk
Task 8: Field Summary Reports

--.
Task 9: Remedial Alternatives
Development and Screening

Task 7: Treatability Studies
Task 8: Field Summary Reports

I,
Task 10: Detailed Analysis of
Alternatives
Task 11: RI/RFI and FS/CMS
Reports

Task 12: Post RI/RFI and FS/CMS Support

Proposed Plan/PCAD, CADIROD,
Imt~ementation. 5-vr Review

CHSGW20140509c

10 Figure 5-1. RCRA-CERCLA Tasks

11 5.1 Task 1-Project Planning

12 Project planning for the 200-SW-2 OU RFI/CMS/RI/FS was initiated in 2003. A series of meetings were
13 held with Ecology, EPA, RL, Pacific Northwest National Laboratory (PNNL), HAB members,
14 representatives from Tribal Nations, and CH2M HILL Plateau Remediation Company (CHPRC) and its
15 predecessor contractors and subcontractors (200-SW-2 OU project) to develop the expectations for the
16 200-SW-2 OU work plan and to facilitate integration of project needs and data. These meetings began in
17 2003 and have continued until 2015.
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The RFI/CMS/RI/FS activities for the 200-SW-2 OU will be
coordinated with those of the M-09-40/41 RSW-TRU retrieval
project. Planning activities for the 200-SW-2 OU have produced
the following types of documents:

* CSMs, which are the initial evaluations of existing data used
in Chapter 3 of this work plan and are presented in
Appendix D. Each CSM contains background information
summarizing waste disposal history, waste site area, trench
configuration, description of solid waste forms, photographs
of disposals, a list of items disposed, estimated waste
constituent inventory, results of previous investigations, and
a cross section of the landfill depicting the wastes and
disposal trenches.

* The DQO summary reports for prior geophysical and soil
vapor investigations (e. g., D&D-27257, Data Quality

Decision making will be
guided by the following four
key values, consistent with
HAB advice:

1. Minimize impacts on human
and environmental health

2. Protect worker safety

3. Conduct an effective and cost-
efficient cleanup

4. Guarantee public participation
and transparency

16 Objectives Summary Report for Nonintrusive Characterization of Bin 3A and Bin 3B Waste Sites in
17 the 200-SW-2 Operable Unit; SGW-33253, Data Quality Objective Summary Report for Phase I-B
18 characterization of the 200-SW-2 Operable Unit Landfills).

19 e The DQO summary report for 200-SW-2 OU waste sites (Appendix J of this work plan), which was
20 developed to identify data needs described in Chapter 4 of this work plan.

21 e Summary reports of the results of previous soil gas and geophysical studies of the 200-SW-2 OU
22 (e.g., SGW-32683, Results from Passive Organic- Vapor Sampling in Selected 200-SW-2 OU
23 Landfills [218-W-3A, 218-W-3AE, 218-W-4B, 218-W-4C, and 218- W-51, June-July 2006;
24 SGW-39086, Geophysical Investigations for Unused Portions of TSD Landfills in the 200 Areas:
25 218-E-10, 218-E-12B, 218-W-4C, and 218-W-6).

26 e This RFI/CMS/RI/FS work plan, which identifies the scope and objectives of the planned work.

27 e SAPs that describe the collection of measurements and observations identified outside the scope of
28 this work plan (e.g., D&D-28283, Sampling and Analysis Instruction for Nonintrusive
29 Characterization of Bin 3A and Bin 3B Waste Sites in the 200-SW-2 Operable Unit).

30 e Sampling and analysis plans that describe the collection of measurements and observations to fill data
31 needs identified in Chapter 4 of this work plan. Each SAP consists of a field sampling plan and
32 quality assurance project plan (QAPjP) that provide specific details of data collection.

33 e A summary report of methodology used to develop CSMs (SGW-34462, Application of the
34 Hanford Site Feature, Event, and Process Methodology to Support Development of Conceptual Site
35 Models for the 200-SW-2 Operable Unit Landfills).

36 e A project schedule that defines project activity sequences and identifies delivery of enforceable
37 milestone documents (Chapter 6 of this work plan).

38 e Hanford Advisory Board advice received for the 200-SW-2 OU.

39 e Input from Public Involvement Meetings for the 200-SW-2 OU held in Richland, Seattle,
40 Hood River, and Portland.
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1 5.2 Task 2 - Community Relations

2 A public involvement plan (DOE et al., 2012, Hanford Federal Facility Agreement and Consent Order
3 Hanford Public Involvement Plan) and the NCP (40 CFR 300) outline stakeholder and public
4 involvement opportunities. Community involvement during the RI/RFI activities will be consistent with
5 the Hanford Public Involvement Plan (DOE et al., 2012) and will comply with the NCP (40 CFR 300).
6 The project will use existing public, stakeholder, and Tribal Nations involvement mechanisms
7 and approaches.

8 Public involvement includes the following: local officials, general public, stakeholders, HAB, state of
9 Oregon, and the Tribal Nations. All interactions with the HAB and the public are through and coordinated

10 by the RL Public Involvement manager.

11 5.2.1 Tribal Nations Involvement
12 Interactions between the Tribal Nations and DOE are usually facilitated through the RL Tribal Program
13 Manager or the RL Cultural Resources Manager. RL works primarily with the Tribes affected by past or
14 present Hanford Site operations, including the Yakama Nation, the Confederated Tribes of the Umatilla
15 Indian Reservation, the Nez Perce Tribe, and the Wanapum Band of Indians. Tribal consultation is
16 guided by DOE, 2006, U.S. Department of Energy American Indian and Alaska Native Tribal
17 Government Policy, and DOE 0 144.1, Department of Energy American Indian Tribal Government
18 Interactions and Policy. RL holds quarterly Tribal technical working sessions, a dialogue on policy and
19 technical issues, and monthly cultural resources meetings, where cultural resource issues are discussed.

20 Where possible, RL and Office of River Protection briefings will be held on groundwater and vadose
21 zone issues for the Tribal Nations. RL will work with the Tribal Nations to ensure ongoing
22 communication and involvement in the Inner Area decision-making process.

23 This effort will include timely notice to potentially affected Tribal Nations in the early planning stages of
24 the decision-making process. Further, to the extent allowed by law, consultation will defer to Tribal
25 Nations policies on confidentiality and management of cultural resources.

26 5.2.2 Stakeholder Involvement
27 Stakeholders are individuals who are affected by, or have an interest in, Hanford Site issues. Hanford Site
28 stakeholders include the Hanford Natural Resources Trustees; local governments; local and regional
29 businesses; Hanford Site work force; local, regional, and national environmental interest groups; and local
30 and regional public health organizations.

31 The HAB is a site-specific advisory board chartered under the Federal Advisory Committee Act of1972.
32 The HAB advises the Tri-Parties on cleanup issues. The HAB advice has been reviewed to ensure that
33 this work plan is responsive to HAB values, principles, and issues. The HAB River and Plateau
34 Committee addresses River Corridor and Central Plateau issues. The 200-SW-2 OU project will work
35 with DOE to identify opportunities to inform and involve this committee on significant work plan issues
36 and progress. The River and Plateau Committee meets approximately 10 times each year. On the basis of
37 the timing of the development of significant work plan components, periodic updates will be provided to
38 the River and Plateau Committee.

39 The River and Plateau Committee provides an ongoing opportunity for informal stakeholder feedback
40 on work plan components and evolving project activities. The committee decides if an issue should be
41 brought to the HAB.
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1 5.2.3 Public Involvement
2 Public involvement also is governed by the Hanford Public Involvement Plan (DOE et al., 2012).
3 The general public consists of people who are aware of decisions but choose not to be involved in those
4 decisions. At this time, public meetings or comment periods are not conducted for work plans. If an
5 addendum or change to this work plan is developed, consultation with the Tri-Parties, River and Plateau
6 Committee, and the Public Involvement and Communication Committee will determine the need for
7 public involvement.

8 Significant public involvement regarding the administration of the 200-SW-2 OU landfills has already
9 occurred through community workshops and stakeholder meetings. In general, the following

10 recommendations for the 200-SW-2 OU resulted from the public involvement:

11 e Consider RTD alternatives when considering treatment alternatives.

12 e Finding and dealing with the high-risk areas is a high priority.

13 e Trenches with limited or no inventory information should be adequately characterized and
14 understood.

15 e Characterization should be done through trench exhumation to identify high-risk materials.

16 e Characterization of the vadose zone below the landfills should occur to determine moisture levels and
17 the degree of mobile contaminant spread. Special attention should also be paid to vadose zone
18 characterization of those landfills placed over former pond sites.

19 e The most likely remediation of the landfills will be some combination of targeted retrieval, combined
20 with vadose zone monitoring and remediation, plus capping the remaining nonexhumed low-risk
21 portions of the landfills.

22 This public input was considered in the proposed RFI/RI characterization for the landfills. Vadose zone
23 investigations (e.g., test borings, soil samples, and geophysics) have been proposed to characterize
24 subsurface conditions at each of the landfills with special emphasis on the landfills with inventories of
25 plutonium and uranium that were constructed at locations of former ponds. In addition, test pits will be
26 dug within select landfills to further characterize and understand the contents and the condition of the
27 waste. This proposed characterization effort along with historical information on the landfill inventories
28 will support evaluating a range of alternatives including targeted RTD for landfills identified as risks to
29 HHE or potential risks to groundwater quality.

30 5.3 Task 3-Field Investigations and Analytical Tasks

31 Field investigations and analytical tasks will be conducted for the 200-SW-2 OU RFI/CMS/RI/FS to
32 supplement existing data. The field investigation and data analysis activities will address the data needs
33 defined in Chapter 4. The data needs were identified through the DQO process that was completed for the
34 200-SW-2 OU waste sites (Appendix J).

35 The scope of the field investigations is described the SAP (Appendix A). The SAP provides the QAPjP
36 and the field sampling plan for the characterization activities.

37 The sampling activities designed to fill specific data gaps with respect to the CSM for the landfills are
38 summarized in the SAP (Appendix A, Table A-7). The SAP describes the types of analyses to be
39 performed; the samples to be analyzed; and the precision, accuracy, representativeness, completeness,
40 and comparability parameters used to obtain a sufficient representation of conditions at the site.
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1 Other field-related activities include procurement of investigation contractors, mobilization and
2 demobilization of equipment (including equipment decontamination), and management of
3 investigation-derived waste (IDW). Generally, the order of the work will proceed per the following steps,
4 with each step building on the outcome of the previous steps:

5 1. Step 1. Review and catalog existing data. Compile and organize historical information by landfill.

6 2. Step 2. Fill data gaps from earlier investigations. Collect baseline geophysics and passive soil gas
7 data from those landfills where none currently exist. Baseline geophysics is needed to determine
8 trench boundaries and to detect large objects.

9 3. Step 3. Perform aerial radiological survey. Fly-over of the Central Plateau to look for near-surface
10 radioactive hot spots.

11 4. Step 4. Perform advanced geophysics. Collect MASW seismic, STS electrical resistivity, and
12 identify the locations for the ERT boreholes.

13 5. Step 5. Conduct intrusive investigations and install wells. Mobilize horizontal drilling, direct push,
14 and sampling equipment. Collect active soil gas samples from landfills with previous passive soil gas
15 detections. Collect direct push samples and install downhole ERT electrodes. Install horizontal
16 borehole and time domain reflectometry leak detection equipment. Random and focused test pits will
17 be excavated per the SAP.

18 6. Step 6. Manage investigation-derived waste. Manage IDW per DOE/RL-2011-41, Hanford Site
19 Strategy for Management ofInvestigation Derived Waste. Manage waste generated during
20 characterization activities in accordance with an approved waste control plan. This includes unused
21 samples, test pit excavated waste, and offsite laboratory waste.

22 5.4 Task 4-Sample Analysis/Data Validation

23 The SAP for the 200-SW-2 OU (Appendix A) identifies the target analytes, analytical methods, and
24 analytical performance requirements for analysis of collected samples. The data obtained will be
25 reviewed, verified, and validated in accordance with the QAPjPs in the SAP.

26 The criteria for verification include, but are not limited to, review for completeness (i.e., samples were
27 analyzed as requested), use of the correct analytical methods/procedures, transcription errors, correct
28 application of dilution factors, appropriate reporting of dry weight versus wet weight, and correct
29 application of conversion factors. Laboratory personnel may perform data verification.

30 Data validation will be performed to ensure that the data quality goals established during the
31 RFI/CMS/RI/FS planning phase have been achieved. Data validation will be based on EPA functional
32 guidelines. The criteria for data validation are based on a graded approach. The primary contractor has
33 defined five levels of validation-Levels A through E. Level A is the lowest level and is the same as
34 verification. Level E is a 100 percent review of all data (e.g., calibration data and calculations of
35 representative samples from the data set). The level of data validation is specified in the QAPjPs in the
36 SAP. Data validation may be performed by the Sample Management and Reporting organization and/or
37 by a party independent of both the data collector and the data user.

38 The determination of data usability will be conducted and documented in data quality assessment (DQA)
39 reports. Data validation will be documented in data validation reports and included in the project file.
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1 5.5 Task 5-Data Evaluation

2 The measurement and observation data collected during the field activities described in the SAP for the
3 200-SW-2 OU will be evaluated, reduced, and presented in tabular and graphic format for subsequent use
4 in the risk assessment, fate and transport evaluation, and for preparation of RFI/CMS/RI/FS reports.
5 The data review and validation results in the DQA report will be used to qualify the data to confirm that
6 only data of known and acceptable quality are used in subsequent data analyses.

7 The preliminary CSMs developed to support preparation of this work plan will be refined and updated
8 through analysis, interpretation, and evaluation of data collected in accordance with the SAP for the
9 200-SW-2 OU and from other pertinent projects, as applicable. For each landfill or group of landfills,

10 a data summary will be prepared describing information that will be used to evaluate site risk, assess
11 potential threats to groundwater, and develop and evaluate remedial alternatives. The results of the
12 evaluation will be reported in the RI/RFI report.

13 5.6 Task 6-Assessment of Risk

14
15
16
17

The BRA will be conducted as part of the Ri/RFI process to assess potential risks to human and
ecological receptors from direct contact with soil, and potential risks to groundwater from contaminants
in the vadose zone. The BRA will determine if there is a need to take remedial action to reduce risks to
acceptable levels. Cleanup levels (i.e., PRGs) will also be developed as part of this task.

18 5.7 Task 7-Treatability Studies

19
20
21

No treatability studies are planned. The need for treatability studies will be revisited as the RFI/RI
proceeds. To the extent that treatability studies are deemed necessary, the intent is to implement them
early, as part of the RFI/RI, to assist remedial alternative evaluations for the FS/CMS.

22 5.8 Task 8-Field Summary Reports

23 As the field investigations (and possibly treatability studies) are completed, field summary reports will be
24 prepared to summarize the activities performed and the information collected in the field. The reports will
25 include survey data for borehole locations, the number and types of samples collected, inventory of IDW
26 containers, geological logs, field screening results, and geophysical logging results. The field summary
27 reports support the preparation of the RFI/CMS/RI/FS reports.

5.9 Task 9-Remedial Alternative Development and
Screening

A range of potential remediation technologies has been developed
and evaluated to support earlier versions of this work plan and
associated activities. Supporting technologies (Table 5-1) were
developed from resources including a technology prescreening
document (PNNL- 16105, Technology Survey to Support Revision
to the Remedial Investigation/Feasibility Study Work Plan for the
200-SW-2 Operable Unit at the U.S. Department of Energy's
Hanford Site), the Collaborative Agreement (CCN 0064527,
"200-SW-1 and 200-SW-2 Collaborative Workshops, Agreement,
Completion Matrix, and Supporting Documentation, Final
Product"), and the follow-up path forward (CCN 0073214, "Path

The evaluation of alternatives will
be consistent with HAB advice
stating that the best solution at
the 200-SW-2 OU landfills would
likely be some combination of
targeted retrieval, combined with
vadose zone monitoring and
remediation, and capping. The
RFI/CMS/RI/FS Work Plan
acknowledges that those methods
should be considered in feasibility
study evaluations.

41 Forward: 200-SW-1/2 RI/FS Work Plan Development"), which identified likely response scenarios
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applicable to the 200-SW-2 OU. The pre-screening of characterization technologies considered activities
at the 618-10/618-11 Solid Waste Burial Grounds, other Hanford Site projects, and other DOE Complex
sites. Remediation and characterization technology experts from PNNL, Idaho National Laboratory, and
Oak Ridge National Laboratory provided technical review and input to the technology screening
activities.

Table 5-1. Potential General Responses and Supporting Technologies

Potential General Response Scenario Supporting Technologies

Surface and subsurface barriers Arid climate engineered barrier

Asphalt, concrete, cement-type cap

RCRA cap

Slurry walls

Grout curtains

Dynamic compaction

RTD for all or portions of an individual landfill Conventional

Remote processes

Stabilization and retrieval

Soil vacuum

Vitrification

In-container vitrification

Mechanical separation

Solidification/stabilization

Automated segregation based on radiation

In situ solidification and stabilization for all or Vitrification
portions of an individual landfill Grout injection

Soil mixing

In situ solidification and stabilization Grout injection

Supersaturated grouts

Soil desiccation

Reactive gases

Nanoparticles

Contaminant extraction Soil flushing

Electrokinetics

Natural attenuation Monitored natural attenuation

Pairings of response scenarios and prescreened technologies will be evaluated for possible incorporation
into remedial alternatives. Two categories of general response actions have been identified for the
200-SW-2 OU: removal (RTD) and in-place remedies (natural attenuation, stabilization, and
caps/barriers). A No Action alternative also will be considered. The following text describes these general
responses:

* No Action. This alternative is required by the NCP (40 CFR 300) as a baseline for comparison with
other remedial alternatives. No action implies allowing the wastes to remain in the current
configuration, thus being affected only by natural processes. No maintenance or other activities would

6

7
8
9

10
11

12
13
14



DOE/RL-2004-60, DRAFT B
MARCH 2015

1 be instituted or continued. Selecting the No Action alternative would require that a waste site poses
2 no unacceptable risk or threat to human health or the environment.

3 * Removal, Treatment, and Disposal. Remedial alternatives will be evaluated that may involve
4 different combinations of RTD actions. Consideration of radionuclide composition and activity,
5 remediation worker exposure hazards, and available disposal pathways will have a significant
6 influence on remedy selection. Removal activities would involve excavation of buried waste and
7 contaminated soil. The treatment of the excavated material may include in situ or ex situ operations.

8 * Monitored Natural Attenuation, Institutional Controls, and Maintain Existing Soil Cover.
9 Under this alternative, an existing soil cover placed on a waste site would be maintained and/or

10 augmented (i.e., adding additional cover material or native vegetation) as needed to provide
11 protection from intrusion by biological receptors, along with institutional controls, such as legal
12 controls (e.g., deed restrictions and excavation permits) and physical barriers (e.g., fencing) that
13 would mitigate contaminant exposure. Radioactive contaminants remaining beneath the clean soil
14 cover would be allowed to decay in place (i.e., to attenuate naturally), thereby reducing risk until
15 remediation goals are met.

16 MNA relies on natural processes to lower contaminant concentrations until cleanup levels are met.
17 MNA would include sampling and/or environmental monitoring, consistent with EPA/540/R/99/006,
18 Radiation Risk Assessment at CERCLA Sites: Q & A, to verify that contaminants are attenuating as
19 expected and to ensure that contaminants remain isolated (e.g., will not lead to degradation of
20 groundwater or be released to air or biota). Attenuation monitoring activities could include
21 monitoring the vadose zone using geophysical logging methods to verify that natural attenuation
22 processes (e.g., radiological decay) are effective for radioactive contaminants.

23 * Capping/Barriers. Capping consists of constructing a surface barrier over contaminated waste sites
24 to control the amount of water that infiltrates into contaminated media to reduce or eliminate leaching
25 and migration of contamination to groundwater. In addition to their hydrological performance,
26 barriers also may function as physical barriers to prevent intrusion by human and ecological
27 receptors, limit wind and water erosion, and shield radiation. Institutional controls are required to
28 prevent intrusion to the capped area and to prevent activities that might alter the effectiveness of the
29 cap. Institutional controls (including legal, administrative, or physical controls such as deed
30 restrictions, excavation permits, and fencing) are required to minimize the potential for inadvertent
31 human exposure to contamination. Performance monitoring is associated with this alternative to
32 ensure that the cap is performing as expected and groundwater is protected.

33 These general responses will be further developed by assembling combinations of the prescreened
34 supporting technologies (and the media to which they would be applied) into detailed alternatives.
35 This process consists of the following six steps:

36 1. Develop RAOs specifying the contaminants and media of interest, exposure pathways, and PRGs.
37 This provides a framework for consideration of treatment and containment technologies and
38 alternatives. The PRGs are developed based on the ARARs, other available information, and
39 site-specific risk-related factors.

40 2. Evaluate general response actions for each medium of interest defining containment, treatment,
41 excavation, pumping, or other actions, singly or in combination, which may be taken to satisfy the
42 RAOs for the site.
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1 3. Identify volumes or areas of media to which general response actions might be applied, taking into
2 account the requirements for protectiveness as identified in the RAOs and the chemical and physical
3 characterization of the site.

4 4. Identify technologies applicable to each general response action to eliminate those that cannot be
5 implemented technically at the site; identify treatability study candidates.

6 5. Identify and evaluate technology process options to select a representative process for each
7 technology type retained for consideration.

8 6. Assemble the selected representative technologies into alternatives representing a range of treatment
9 and containment combinations.

10 5.10 Task 10-Detailed Analysis of Alternatives

11 During the detailed analysis, the alternatives that passed screening (Section 5.9) are further refined and
12 analyzed. Alternatives will be developed in the FS/CMS that provide a range of options and sufficient
13 information to adequately compare alternatives. For source control options, the following types of
14 alternatives will be developed to the extent practicable (EPA/540/G-89/004):

15 * A number of treatment alternatives ranging from one that would eliminate or minimize, to the extent
16 feasible, the need for long-term management (including monitoring) at a site to one that would use
17 treatment as a primary component of an alternative to address the principal threats at the site.
18 Alternatives within this range typically will differ in the type and extent of treatment used and the
19 management requirements of treatment residuals or untreated wastes.

20 * One or more alternatives that involve containment of waste with little or no treatment but protect
21 HHE by preventing potential exposure or reducing the mobility of contaminants.

22 * An alternative for no action.

23 The FS/CMS will provide more detailed explanations of each alternative.

24 The alternatives are analyzed in detail in the FS/CMS by comparing them against RCRA and CERCLA
25 criteria. The alternatives are compared against the two threshold criteria and the five balancing criteria of
26 the nine CERCLA evaluation criteria. EPA believes that final remedies selected for RCRA Corrective
27 Action facilities should achieve three performance standards and seven balancing criteria. The CERCLA
28 and RCRA evaluation criteria are substantially the same.

29 The CERCLA "threshold criteria" and the RCRA "performance standards" include the following:

30 e Overall protection of human health and the environment

31 - Achieve media cleanup objectives

32 - Remediate the sources of releases

33 e Compliance with ARARs

34 The alternatives that meet the threshold criteria and performance standards are evaluated based on
35 balancing criteria:

36 e Long-term effectiveness and permanence

37 e Reductions in toxicity, mobility, and volume through treatment

38 e Short-term effectiveness
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1 e Implementability

2 e Cost

3 RCRA Corrective Action also includes Community Acceptance and State Involvement as "balancing
4 criteria." CERCLA includes Community Acceptance and State Involvement as "modifying criteria."
5 Community acceptance and state involvement can be applied after public involvement is completed.

6 5.11 Task 11- Remedial Investigation/RCRA Field Investigation
7 and Feasibility Study/Corrective Measures Study Reports

8 The final RI/RFI report presents the collection of data and evaluations that characterize waste site
9 conditions, determines the nature and extent of contamination for each waste site, and assesses risk from

10 each waste site to human health and the environment and to ecological receptors. The field summary
11 reports (Section 5.8) address these RI/RFI elements for individual field investigation activities and are
12 discussed overall within the final RI/RFI report. The FS/CMS report presents the remedial action
13 objectives, the results of the remedial technology screening process, and the detailed evaluation of
14 remedial alternatives. The results of treatability studies also are presented, if available. The RI/RFI report
15 and FS/CMS report may be combined into one report.

16 The final RFI/CMS/RI/FS reports consider all information available at the time of report preparation,
17 including pertinent information from activities conducted outside of this work plan.

18 5.12 Task 12- Post-Remedial Investigation/RCRA Field Investigation
19 and Feasibility Study/Corrective Measures Study Support

20 The 200-SW-2 OU RFI/CMS/RI/FS reports are subject to Ecology review and approval. Following this
21 approval, the PP/PCAD will be prepared. The PP/PCAD is the primary subject of the public comment
22 period. The RI/RFI report, FS/CMS report, PP/PCAD, and other final project deliverables are publically
23 available in the Tri-Party Agreement Administrative Record. Once the public comment period is complete,
24 the selected remedy will be defined and documented in the CAD/ROD. The CAD/ROD contains the
25 responsiveness summary reflecting all the public comments received and the agency's response to each
26 comment. Additional information concerning the PP/PCAD and the CAD/ROD is presented in the
27 following sections.

28 5.12.1 Proposed Plan/Proposed Corrective Action Decision
29 The PP/PCAD is the mechanism by which the Tri-Parties present the 200-SW-2 OU site information and
30 preferred remedy to the public for review. The document describes the site background, the risks
31 associated with each waste site, and the remedial alternatives evaluated in the RI/RFI and FS/CMS.
32 The PP/PCAD includes the comparative analysis of the alternatives. Based on the results of the
33 comparative analysis, the preferred remedial alternative is identified in the PP/PCAD.

34 The PP/PCAD provides the public with the opportunity to comment on the alternatives and to participate
35 in the selection of the final remedial alternative. Following public review and comment, a responsiveness
36 summary is prepared that presents significant comments and new relevant information received during the
37 public comment process. The responsiveness summary is incorporated into the final CAD/ROD.

38 5.12.2 Record of Decision and Corrective Action Decision
39 Following final comments from the public and any final comments from supporting agencies, a remedy is
40 selected and documented in a final CAD/ROD. The CAD/ROD documents the remedial action plan for
41 each of the waste sites, serves four basic functions (EPA 540-R-98-03 1, A Guide to Preparing Superfund
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1 Proposed Plans, Records ofDecision, and Other Remedy Selection Decision Documents), and is
2 consistent with EPA, 2014, Corrective Action.

3 The CAD/ROD serves as the following:

4 e A legally enforceable document that certifies the remedy selection process was performed in
5 accordance with CERCLA and, to the extent practicable, in accordance with the NCP (40 CFR 300)

6 e A substantive summary of the technical rationale and background information contained in the
7 Administrative Record file

8 e A technical document that provides information necessary for determining the conceptual engineering
9 components and remedy costs and that outlines the RAOs and cleanup levels for the selected remedy

10 e A key communication tool for the public that explains the contamination problems the remedy seeks
11 to address and the rationale for its selection

12 e Documents the RCRA corrective action plan for each landfill subject to corrective action

13 e Serves as the legally enforceable document for RCRA corrective action and is made through a permit
14 modification of the Hanford Facility RCRA Permit

15 5.12.3 Post-Record of Decision and Corrective Action Decision Activities
16 The selected remedial alternative is implemented when the final ROD and CAD are approved. This stage
17 may involve remedial design and design verification studies to support detailed design and construction.
18 When wastes are left in place, protectiveness of the remedy is evaluated during 5-year review process.

19 If new information is generated that could affect the implementation of the selected remedy, the
20 information can be addressed through one of the following means:

21 e Memorandum to the post-ROD file for an insignificant or minor change

22 e An explanation of significant difference for a significant change

23 e A ROD amendment for a fundamental change

24 CAD modifications follow permit modification requirements in WAC 173-303-830, "Permit Changes."

25 5.12.4 TSD Closure Plan
26 The RCRA closure plan requirements will be met for closure of the TSD units associated with the
27 200-SW-2 OU, consistent with Section 5.5 of the TPA Action Plan (Ecology et al., 1989b).

28 5.12.5 Approach to Coordination with TPA Milestone M-091-40, Requirement 2
29 Appendix H of this work plan summarizes soil vapor extraction and soil vapor sampling performed
30 to date in the 200-SW-2 OU in support of TPA (Ecology et al., 1989a) Milestone M-091-40,
31 Requirement 2. As of the publication date of this work plan (March 2015), the four 200-SW-2 OU
32 landfills containing RSW-TRU (218-E-12B, 218-W-3A, 218-W-4B, and 218-W-4C) have been sampled
33 for soil gas prior to retrieval of RSW-TRU. One landfill, 218-W-4C, was also sampled for soil gas after
34 retrieval of RSW-TRU. The remaining three landfills are not yet fully retrieved under TPA
35 (Ecology et al., 1989a) Milestones M-091-40 and M-091-41. It is not certain whether the field work
36 specified in this work plan will precede the remaining RSW-TRU retrievals. If the retrievals proceed prior
37 to the 200-SW-2 OU field investigation, the three remaining landfills (218-W-3A, 218-W-4B, and
38 218-E-12B) will undergo post-retrieval sampling as directed in the following M-091-40/41 SAPs (or
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1 subsequent revisions to them, if any): DOE/RL-2003-48, DOE/RL-2004-32, DOE/RL-2004-70, and
2 DOE/RL-2004-71.

3 If the 200-SW-2 OU field investigation specified by this work plan precedes post-retrieval vapor
4 sampling under TPA (Ecology et al., 1989a) Milestones M-091-40 and M-091-41, then the vapor
5 sampling following retrieval of RSW-TRU in the 218-W-3A, 218-W-4B, and 218-E-12B Landfills will
6 be performed under this work plan.

7 Post-M-091-40 and M-091-41 retrieval sampling will fulfill requirements of both the M-091 project and
8 the 200-SW-2 OU field investigation, regardless of which project collects the data.
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6 Project Schedule1

The project schedule for the activities described in this work plan
is to complete the revised work plan by March 31, 2015. Submittal
of the RFI/CMS/RI/FS report and PCAD and PP currently has a
TPA milestone of December 31, 2015 (Ecology et al., 1989a).
However, this milestone is currently under negotiations with the
regulatory agencies.

The estimated project schedule is shown in Table 6-1.
The schedule will be evaluated to identify efficiencies, will serve
as the baseline for the work planning process, and will be used to
measure the progress of implementing this work plan.

The schedule includes TPA milestones, field activities, and due
dates. Any revisions to the project schedule will be done in
accordance with the TPA (Ecology et al., 1989a) , Section 11.4.

The submittal to Ecology of the
RFI/CMS/RI/FS Work Plan for the
Radioactive Solid Waste Landfill by
December 31, 2011, will comply
with TPA Milestone M-051-93A.
In addition, the Proposed Plan
for the Solid Waste Landfills will
be submitted to Ecology
5 Y years after receiving the
notice-to-proceed
(TPA Milestone M-015-93B).

Table 6-1. Project Schedule for the 200-SW-2 OU Landfills

Activity Period or Completion Date

Submit Draft B RFI/CMS/RI/FS Work Plan to Ecology
(TPA Milestone M-015-113)

Complete Remedial (Field) Investigation

Analyze Field Investigation Data

Submit Draft A RFI/CMS/RI/FS Report

Submit Proposed Corrective Action Decision/Proposed Plan

Total duration

March 31, 2015

24 months after notice-to-proceed

12 months after concluding RI

18 months after completing data analysis

12 months after submittal of Draft A
RFI/CMS/RI/FS Report

66 months after notice-to-proceed

15
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7 Project Management Considerations

2 This chapter discusses the project organization, project coordination, change control, and dispute
3 resolution processes. Change control processes are used to document and achieve approval for changes
4 that arise during execution of the RFI/CMS/RI/FS. Problems are resolved at the lowest possible level,
5 with higher levels of project oversight engaged to resolve the issues.

6 7.1 Project Organization

7 RL is responsible for the Central Plateau cleanup. The RL contractor implements the cleanup for RL and
8 is responsible for planning, coordinating, and executing RFI/CMS/RL/FS activities. The lead regulatory
9 agency (Ecology) authorizes the work scope in accordance with the TPA (Ecology et al., 1989a) and

10 oversees the work for regulatory compliance. Figure 7-1 presents the project organization structure for
11 cleanup of the 200-SW-2 OU.

7.1.1 U.S. Department of Energy, Richland Operations Office
Project Organization

The RL Soil and Groundwater Division is responsible for remedy
implementation of the 200-SW-2 OU. The federal project director for the
Soil and Groundwater Division reports to the assistant manager for the
River and Plateau.

The RL Contracting Officer is responsible for authorizing the Central
Plateau remediation contractor to perform the RFI/CMS/RJ/FS tasks for
the 200-SW-2 OU.

The federal project director is responsible for obtaining lead regulatory
agency approval of the work plan and SAPs, which authorize the
RFI/CMS/RI/FS activities under the TPA (Ecology et al., 1989a).
The federal project director also assigns the 200-SW-2 OU RL technical
lead who performs the role of the Project Manager identified in
Section 4.1 of the TPA (Ecology et al., 1989a). The RL Technical Lead is
responsible for managing the project, day-to-day oversight of contractors
performing the RFI/CMS/RI/FS activities, maintaining regulatory
compliance necessary for completion of the milestones, and for providing
technical input to RL federal project directors.

7.1.2 Regulatory Agency Oversight Organization
Ecology is the lead regulatory agency for the 200-SW-2 OU. Ecology has
assigned a project manager who is responsible for overseeing various
RFI/CMS/RI/FS activities. The project manager is responsible for working

DOE-RL
Manager

Assistant Manager
River and Plateau

Soil and Groundwater

Federal Project Director'
Tr-Party Agreement Project
Manager, Remedial Project

Manager, and DOEIRL
Technical Lead

DOE-RL
Contractor

Figure 7-1. 200-SW-2 OU
Project Organization

with RL to resolve issues and
approve the documents in accordance with Article XIV through Article XVI of the TPA
(Ecology et al., 1989a).

As a participating agency, EPA's regulatory responsibilities include providing assistance if requested by
the lead regulatory agency (Ecology), approving the final remedy, approving completion of construction,
and proposing sites for deletion from the NPL (40 CFR 300, Appendix B).
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1 7.1.3 Contractor Organization
2 The RFI/CMS/RI/FS activities are being conducted by CHPRC under DE-AC06-08RL14788,
3 CH2M HILL Plateau Remediation Company Plateau Remediation Contract. CHPRC is responsible for
4 integrating and executing the full scope of RFI/CMS/RI/FS activities on the Central Plateau.

5 7.1.4 Integration Teams
6 The RL/Office of River Protection Groundwater/Vadose Zone Executive Council was formed in 2006 to
7 integrate Hanford Site groundwater, vadose zone, and risk assessment/modeling activities. The Executive
8 Council may periodically charter integrated project teams on specific topics of interest as necessary to
9 provide a forum for multiple projects and contractors with related activities to focus on day-to-day

10 coordination issues and opportunities (e.g., field sampling, data communication, and data interpretation).
11 There are no current integrated project teams for 200-SW-2 OU activities.

12 7.2 Project Coordination, Decision Making, and Documentation

13 Coordination among Ecology, EPA, the lead agency (DOE), and the contractors is essential for successful
14 execution of the RFI/CMS/RI/FS. Consensus from the regulatory agency project managers may be
15 documented in meeting minutes of 200 Area unit managers' meetings.

16 7.3 Change Control and Dispute Resolution

17 The work plan represents the Tri Parties' assessment of the 200-SW-2 OU data needs at the end of the
18 systematic planning process. As new information becomes available, changes to the work scope may be
19 required. These changes will be made to the work plan and/or to the SAP, depending on the nature of the
20 change in accordance with Section 9.3 of the TPA Action Plan (Ecology et al., 1989b). Changes that affect
21 the TPA (Ecology et al., 1989a) are documented using change control forms in accordance with Section 12
22 of the TPA Action Plan (Ecology et al., 1989b). The class or level of the change (i.e., signatory, executive
23 management, or project management) is noted and the description, justification, and impact of the change
24 are documented.

25 Dispute resolution is handled in accordance with Article XVI of the TPA (Ecology et al., 1989a).
26 The Tri-Parties are to make reasonable attempts to resolve all disputes informally at the project manager
27 level. Disputes that cannot be resolved informally are submitted in writing to, and resolved by, the
28 Interagency Management Integration Team at the executive manager level. If resolution is not achieved at
29 this level, the dispute is forwarded to higher levels of management. As a last resort, the dispute resolution
30 process outlined in Article XXVI of the TPA (Ecology et al., 1989a) is used. To promote dispute avoidance,
31 potential problems will be identified early in the RFI/CMS/RI/FS process, and associated
32 contingency/variance plans will be developed.
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2 Sampling and Analysis Plan for the 200-SW-2 Operable Unit Landfills
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1 Landfill Plates

2 Please see accompanying CD for the following landfill plates:

3 200 West and 200 East (shows proposed characterization for all landfills in 200-SW-2)

4 e 218-C-9

5 e 218-E-1

6 e 218-E-2, E-2A, E-4, E-5, E-5A, and E-9

7 e 218-E-8

8 e 218-E-10

9 e 218-E-12-A

10 e 218-E-12-B

11 e 218-W-1

12 e 218-W-1A

13 e 218-W-2

14 e 218-W-2A

15 e 218-W-3

16 e 218-W-3A

17 e 218-W-3-AE

18 e 218-W-4A

19 e 218-W-4B

20 e 218-W-4C

21 e 218-W-5

22 e 218-W-11
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Terms

ALARA as low as reasonably achievable

ASTM American Society for Testing and Materials

BTR Buyer's Technical Representative

CAS Chemical Abstracts Service

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
of 1980

COPEC contaminant of potential ecological concern

COPC contaminant of potential concern

DOE U.S. Department of Energy

DOE-RL DOE Richland Operations Office (also known as RL)

DOT U.S. Department of Transportation

DQA data quality assessment

DQI data quality indicator

DQO data quality objective

DUP field duplicate

EB equipment blank

ECO Environmental Compliance Officer

Ecology Washington State Department of Ecology

EMI electromagnetic induction

EPA U.S. Environmental Protection Agency

EQL estimated quantitation limit

ERT electrical resistivity tomography

FS feasibility study

FSO Field Sampling Operations

FSP field sampling plan

FTB field trip blank

FWS Field Work Supervisor

FXR field transfer blank

GEA gamma energy analysis
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GFPC gas flow proportional counting

GPR ground penetrating radar

GPS global positioning system

HEIS Hanford Environmental Information System

ICP inductively coupled plasma

INL Idaho National Laboratory

LSC liquid scintillation counter

MASW multi-channel analysis of surface waves

MDL method detection limit

MS mass spectrometer

MSA Mission Support Alliance

N/A not applicable

NIOSH National Institute for Occupational Safety and Health

NV no published value

OU operable unit

PLM polarized light miscroscopy

POC point-of-contact

QA quality assurance

QAPjP quality assurance project plan

QC quality control

RCRA Resource Conservation and Recovery Act of1976

RCT Radiological Control Technician

RFI/CMS RCRA facility investigation/corrective measures study

RI remedial investigation

ROD record of decision

RPD relative percent difference

RSW remotely stored waste

S&GRP Soil and Groundwater Remediation Project

SAF Sampling Authorization Form

SAP sampling and analysis plan
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SMR

SPLIT

STS

SVOC

SWITS

TBD

TDR

TMF

TPA

TPH

Tri-Parties

Tri-Party Agreement

TRU

TSD

UPR

VOA

VOC

WSP

Sample Management and Reporting

field split sample

surface-to-surface

semivolatile organic compound

Solid Waste Information Tracking System

to be determined

time domain reflectometry

total magnetic field

Tri-Party Agreement

total petroleum hydrocarbon

U.S. Department of Energy, Richland Operations Office, U.S. Environmental
Protection Agency, and Washington State Department of Ecology

Hanford Federal Facility Agreement and Consent Order

transuranics

treatment, storage, and/or disposal

unplanned release

volatile organic analysis

volatile organic compound

Washington State Plane

1
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1 Al Introduction
2 The activities described in this sampling and analysis plan (SAP) support corrective actions under the
3 Resource Conservation and Recovery Act of 1976 (RCRA) and remedial actions under the
4 Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA). The SAP
5 and work plan activities fulfill the requirements for a RCRA facility investigation/corrective measures
6 study (RFI/CMS) as well as a CERCLA remedial investigation (RL)/feasibility study (FS), comprising a
7 combined RFI/CMS/RI/FS process for the 200-SW-2 Radioactive Landfills Operable Unit (OU).
8 Figure A-I shows the location of 200-SW-2 OU within the Hanford Site.

9 This SAP provides detail on the further RI of landfills to support characterization of risk and development
10 of remedial action alternatives. This SAP describes the data to be collected that will be used to refine
11 conceptual site models, support baseline risk assessments, and evaluate remediation technology
12 performance in support of the FS, proposed plan, and eventual record of decision (ROD) for 200-SW-2
13 OU landfills and associated waste sites. A significant aspect of this effort is to fill data gaps by the
14 collection of additional data, such as geophysical, soil gas, soil, and waste characteristic information.
15 The work plan provides an analysis of existing information about the landfills and a subsequent
16 evaluation of data gaps.

17 Both intrusive and nonintrusive characterization methods will be employed. The objective is to use the
18 best method or suite of methods to assemble information to define the risk pathway elements.
19 Nonintrusive methods will provide wide-area coverage of the landfill footprint while intrusive methods
20 provide in situ information on potential releases to the vadose zone beneath the landfills. The advantage
21 of nonintrusive methods is that they are intrinsically safe and cost effective, and they provide for wide
22 area coverage. The disadvantages of nonintrusive methods are that data can be difficult to interpret in
23 terms of conventional parameters, it can be easy to miss smaller hot spots, the data may not be amenable
24 to standard statistical analysis, and the quality of the data may be difficult to ascertain. To help remedy
25 these disadvantages, intrusive investigations will also be performed. Limited intrusive investigations will
26 consist of test pit excavations, direct push probes, and horizontal drilling underneath trenches.
27 The intrusive techniques will support nonintrusive method results by providing quantitative analytical
28 data for discrete locations throughout the landfills.

29 When used in combination, these two methods provide a comprehensive characterization approach.
30 For example, direct push data will be collected to calibrate and complement geophysical data to provide
31 better understanding of the lateral continuity of geologic layers, including the deployment of downhole
32 geophones for the collection of check shot or vertical seismic profiling information. Lithologic logs from
33 surrounding groundwater monitoring wells and directional wells will supplement this calibration.
34 This combination of methods is targeted to find contamination in the vadose zone, including preferential
35 pathways or fine-grained sediment layers that may be controlling downward movement of moisture and
36 the potential migration of mobile contaminants through the vadose zone.

37 This chapter provides general background information about the 200-SW-2 OU, contaminants of potential
38 concern (COPCs), and a summary of data quality objectives (DQOs) identified for the landfills.
39 Subsequent chapters of this SAP present the quality assurance project plan (QAPjP), the field sampling
40 plan (FSP), and the health and safety and waste management requirements.
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1 A1.1 Background

2 Because of the complexity of the 200-SW-2 OU landfills, characterization has proceeded in an iterative
3 process, with the results from each phase supporting further refinement in data needs that are addressed
4 during the next phase of the RI process. The initial investigation, which began in 2004, included a
5 comprehensive review of existing documentation associated with the 200-SW-1 and 200-SW-2 OU waste
6 sites. A large quantity of records was compiled and reviewed to focus future field characterization
7 activities. In 2005, a collaborative negotiations process was held with the U.S. Department of Energy
8 (DOE), U.S. Environmental Protection Agency (EPA), and Washington State Department of Ecology
9 (Ecology) (also known as the Tri-Parties). The negotiation is documented in CCN 0073214, "Path

10 Forward - 200-SW-1/2 RI/FS Work Plan Development, May 15, 2007." This process eventually rescoped
11 the focus of the work plan from 127 waste sites in the 200-SW-I and 200-SW-2 OUs to 24 landfills in the
12 200-SW-2 OU. The first DQO process (Phase I-A) for these landfills focused on nonintrusive
13 investigations, including geophysical, radiological, and passive soil vapor samples.

14 After the Phase I-A field characterization activities were performed in mid-2006, a Phase I-B DQO
15 process was performed to support development of an RFI/CMS/RI/FS Work Plan. The Phase I-B DQO
16 and SAP focused on additional nonintrusive characterization as well as intrusive characterization
17 techniques to complete the RI. The current proposed investigation described in this SAP builds on the
18 previous Phase I-B DQO and SAP; however, this SAP more specifically addresses data gaps related to the
19 risk pathway. This SAP also focuses on collecting data related to constituent mobility and investigating
20 potential releases and their associated risks. The information gathered will be used to support risk
21 assessments, further the refinement of the preliminary conceptual contaminant distribution models, and
22 assist development and evaluation of remedial action alternatives.

23 A2 Waste Site Organization for SAP Implementation

24 The 200-SW-2 OU consists of 24 landfills located in the 200 East and 200 West Areas of the
25 Hanford Site. The OU also includes former ponds and ditches whose locations are collocated with the
26 landfills. These are the 216-C-9 Pond; 216-T-4A and 216-T-4B Ponds; and 216-T-4-1 and 216-T-4-2
27 Ditches. All of these liquid disposal sites had dried and were stabilized before solid waste disposal
28 took place.

29 The 200 Area is located near the center of the Hanford Site in south-central Washington State and is
30 within one of three areas on the Hanford Site that are on the EPA National Priorities List under CERCLA
31 (40 CFR 300, "National Oil and Hazardous Substances Pollution Contingency Plan," Appendix B,
32 "National Priorities List"). Chapter 2 of this 200-SW-2 OU RFI/CMS/RI/FS work plan provides
33 additional details concerning each of these landfills.

34 The majority of waste disposed to the 200-SW-2 OU landfills originated from the processing facilities
35 located in the 200 East and 200 West Areas. The 200-SW-2 OU landfills also contain some wastes that
36 originated from the Hanford Site's 100 and 300 Areas, as well as from offsite sources.

37 A3 Project/Task Description

38 Characterization relies substantially upon nonintrusive characterization techniques, calibrated and
39 augmented by intrusive techniques. This includes the application of historical records, borehole logging
40 (nearby groundwater wells), nonintrusive assessment of caissons, and nonintrusive soil vapor and
41 geophysical survey techniques. Intrusive methods include limited test pit excavations and sampling with
42 direct push and/or directional drill rigs. The approach to COPCs and contaminants of potential ecological
43 concern (COPECs) is described in Chapter 3 of this work plan. COPCs/COPECs include metals, volatile
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1 and semivolatile organic compounds (VOCs/SVOCs), and radionuclides. The COPC/COPEC list consists
2 of contaminants that are readily detectable via standard soil sampling methods and analytical methods
3 (Table A-5).

4 The overall 200-SW-2 OU project description is to complete the RFI/CMS/RI/FS and RCRA closure
5 process for the 24 landfills and 5 ponds/ditches in the 200-SW-2 OU. As described in Chapter 4 of this
6 work plan, a combination of intrusive and nonintrusive data collection techniques will be used.
7 Nonintrusive activities, such as geophysical surveys, existing well logging, soil vapor samples, and
8 remote inspection of caissons, will be accompanied by intrusive data collection.

9 A4 Data Quality Objective Summary

10 For this investigation, the basic statement of the problem remains the same as stated in the Phase I-B
11 DQO Report (SGW-33253, Data Quality Objectives Summary Report for Phase I-B Characterization of
12 the 200-SW-2 Operable Unit Landfills); however, DQOs have been refined to address the objectives of
13 the current investigation. The refined DQOs are summarized in Appendix J of this work plan.

14 A4.1 Statement of the Problem

15 The following is a list of problem statements from the DQO Summary Report (Appendix J):

16 1. Is there an unacceptable risk to human health and the environment posed by the waste in the
17 200-SW-2 OU landfills?

18 2. Are there complete pathways to human health and the environment?

19 3. Collect data to support the RFI/CMS/RI/FS and eventual selection of a remedial action alternative(s).

20 4. Collect sufficient data to support evaluation of the long-term effects of leaving the waste in place.

21 A4.2 Project Task and Problem Definition

22 The problem being addressed by this SAP is the need for investigation data for the 200-SW-2 OU
23 landfills. These data will augment existing RI data compiled during past characterization activities,
24 leading to completion of the RFI/CMS/RI/FS process for the 200-SW-2 OU landfills addressed in this
25 work plan.

26 Chapter 1 of this work plan provides additional details on the problem definition and background.

27 A4.3 Decision Statements

28 The following is a list of decision statements from the DQO Summary Report (Appendix J):

29 1. Collect additional data to evaluate risk, pathways, and remedial alternatives.

30 2. Develop and select alternatives to break the complete pathways that create excess risk.

31 3. Develop and select alternatives that minimize or reduce long-term effects on human health and the
32 environment above acceptable risk levels.

33 A4.4 Decision Rules

34 Table A-I lists the decision rules from the DQO Summary Report (Appendix J).
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Table A-1. 200-SW-2 OU Landfill Decision Rules

Principal Study Question

1 What data are required to support evaluation of risk,
pathways, and development of remedial action
alternatives?

2 Was enough data collected to support the
RFI/CMS/RI/FS and selection of remedial action
alternatives?

3 Was enough data collected to evaluate whether
buried waste presents a long-term effect on human
health and the environment?

Decision Rule

If the design of the RFI/CMS/RI/FS characterization
approach was sufficient to support evaluation of risk,
pathways, and development of remedial action
alternatives, then perform the evaluation of risk and
select the appropriate alternative; otherwise additional
data will need to be collected.

If enough data were collected to support the
RFI/CMS/RI/FS and select remedial action
alternatives, then select the appropriate alternative;
otherwise, additional data will need to be collected.

If enough data were collected to evaluate whether
buried waste presents a long-term effect on human
health and the environment, then select the appropriate
alternative; otherwise additional data will need to be
collected.

3 A set of radiological and organic COPCs that may be present in the 200-SW-2 OU landfills was
4 developed based on the following information:

5 e 200 Area plant operations as identified in various DQO documents for the 200 Area OUs, including
6 the 200-CW-1, 200-CS-1, 200-CW-5, 200-LW-1, 200-LW-2, 200-MW-1, 200-PW-1, 200-PW-2,
7 200-PW-4, 200-TW-1, and 200-TW-2 OUs

8 e The ecological risk assessment DQOs for the 200 Areas (WMP-20570, Central Plateau Terrestrial
9 Ecological Risk Assessment Data Quality Objectives Summary Report - Phase I; WMP-25493,

10 Central Plateau Terrestrial Ecological Risk Assessment Data Quality Objectives Summary
II Report-Phase HI); WMP-29253, Central Plateau Terrestrial Ecological Risk Assessment Data Quality
12 Objectives Summary Report - Phase III)

13 * As discussed in DOE/RL-98-28, 200 Areas Remedial Investigation/Feasibility Study Implementation
14 Plan - Environmental Restoration Program

15 In order to ensure that contaminants from waste from other Hanford areas (such as the 100 and
16 300 Areas) and offsite are represented, the COPC input list also included potential contaminants listed in
17 the following information sources:

18 e Nonradiological constituents in containers with a "dangerous waste" flag set in the Solid Waste
19 Information Tracking System (SWITS) for landfills that are within scope

20 e Radiological constituents listed in all containers in SWITS for in-scope landfills

21 e Nonradiological constituents listed in WAC 173-340-900, "Model Toxics Control Act-Cleanup,"
22 "Tables," Table 749-3 ("Ecological Indicator Soil Concentrations (mg/kg) for Protection of
23 Terrestrial Plants and Animals")
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1 The COPC input list consisted of over 800 potential contaminants. Radionuclides were eliminated from
2 the list if they had short half-lives, were naturally occurring, or were produced only in minute quantities.
3 Chemicals were eliminated if they were used in minute quantities, were nonhazardous, or are unable to
4 exist in conditions in the landfills (i.e., exist in a gaseous state or naturally degrade very quickly).
5 The final list of COPCs is presented in Table A-2.

Table A-2. 200-SW-2 Operable Unit Landfills Contaminant of Potential Concern List

Radionuclides

2 4 1Am 2 43Cm 54Eu 63Ni 239/24 0 Pu 99Tc 2 32Th 233/234u

14C 244Cm 55Eu 2 37Np 79Se 228Th 2 34 Th 235u

137 2Eu 191 238Pu 90Sr 230Th 3H 28u
60Co

Metals

Aluminum - Al Bismuth - Bi Copper - Cu Molybdenum - Mo Thallium - Tl

Antimony - Sb Boron - B Lead - Pb Nickel - Ni Uranium - U

Arsenic - As Cadmium - Cd Lithium - Li Selenium - Se Vanadium - V

Barium - Ba Chromium - Cr Manganese - Mn Silver - Ag Zinc - Zn

Beryllium - Be Cobalt - Co Mercury - Hg Strontium - Sr

Anions

Fluoride - F- Nitrate - NO3- Sulfate - S042- Phosphate - P043-

Nitrite - NO2- Chloride - Cl- Bromide - Br-

Other

Ammonium - NH 41 (pH also to be measured) Asbestos Kerosene

Cyanide - CN-

Volatile Organics

1,1,1 -Trichloroethane Acetonitrile Methylene Chloride

1,1,2,2-Tetrachloroethane Benzene n-Butyl Alcohol

1,1,1,2-Tetrachloroethane Carbon Disulfide (1 -butanol)

1,1,2-Trichloro- 1,2,2- trifluoroethane Carbon Tetrachloride Tetrachloroethene

1,1,2-Trichloroethane Chlorobenzene Toluene

1,1 -Dichloroethene Chloroform trans-1,2-Dichloroethene

1,1 -Dichloroethane cis- 1,2-Dichloroethene trans-1,3 -Dichloropropene

1,2-Dichloroethane Diethyl Ether Trichloroethene

2-Butanone Ethyl Acetate Trichlorofluoromethane

2-Nitropropane Ethylbenzene Vinyl Chloride

4-Methyl-2-pentanone Isobutanol Xylenes, Total

Acetone Methanol
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Table A-2. 200-SW-2 Operable Unit Landfills Contaminant of Potential Concern List

Semivolatile Organics

1,2,4-Trichlorobenzene

2,4,5-Trichlorophenol

2,4,6-Trichlorophenol

2,4-Dinitrotoluene

2-Chlorophenol

2-Ethoxyethanol

2-Methylphenol (o-cresol)

3+4-Methylphenol (m+p-cresol)

4-Chloro-3-methylphenol (p-Chloro-m-cresol)

Acenaphthene

Benzo(a) anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Bis(2-ethylhexyl)phthalate

Butylbenzylphthalate

Chrysene

Cyclohexanone

Di-n-octylphthalate

Fluoranthene

Hexachlorobenzene

Hexachlorobutadiene

Di-n-butylphthalate
Dibenz(a,h)anthracene

Hexachloroethane

Indeno(1,2,3-d)pyrene

Nitrobenzene

N-nitroso-di-n-propylamine

Naphthalene

n-Nitrosomorpholine

o-Dichlorobenzene

o-Nitrophenol

Pentachlorophenol

Pyrene

Pyridine

Tributyl Phosphate

Pesticides

4-4'-DDD Alpha-BHC Gamma-BHC Endrin

4-4'-DDE Beta-BHC (Lindane) Heptachlor

4-4'-DDT Delta-BHC Chlordane Heptachlor Epoxide

Aldrin Dieldrin

Aroclors (Polychlorinated Biphenyls)

Aroclor-1016 Aroclor-1232 Aroclor-1248 Aroclor-1260

Aroclor-1221 Aroclor-1242 Aroclor-1254

1

2 A5.1 Project Schedule

3 Submittal to Ecology of the RFI/CMS/RI/FS Work Plan for the 200-SW-2 OU landfills by March 31,
4 2015 will comply with the Tri-Party Agreement (TPA) (Ecology et al., 1989a, Hanford Federal Facility
5 Agreement and Consent Order) Milestone M-0 1 5-93A. The proposed plan for the Solid Waste Landfills
6 will be submitted to Ecology 5' 2years after receiving the notice to proceed (Milestone M-015-93B).
7 Further information regarding the project schedule can be found in Chapter 6 of this work plan.

8 A6 Quality Assurance Project Plan

9 A QAPjP establishes the quality requirements for environmental data collection. It includes planning,
10 implementation, and assessment of sampling tasks, field measurements, laboratory analysis and data
11 review. This QAPjP complies with requirements from the following documents:

12 e EPA/240/B-01/003, EPA Requirements for Quality Assurance Project Plans (EPA QA/R-5)

13 e DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Document
14 (HASQARD)
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1 This chapter describes the applicable quality requirements and controls. Sections 6.5 and 7.8 of the TPA
2 Action Plan (Ecology et al. 1989b) require the quality assurance (QA)/quality control (QC) and sampling
3 and analysis activities to specify the QA requirements for treatment, storage, and disposal units, as well as
4 for past practice processes. Therefore, this QAPjP follows the QA elements of EPA/240/B-01/003. This
5 QAPjP also demonstrates conformance to Ecology Publication No. 04-03-030, Guidelinesfor Preparing
6 Quality Assurance Project Plans for Environmental Studies, and EPA/240/R-02/009, Guidancefor
7 Quality Assurance Project Plans (EPA QA/G-5). This QAPjP is intended to supplement the contractor's
8 environmental QA program plan.

9 This QAPjP is divided into the following four sections, which describe the quality requirements and
10 controls applicable to Hanford Site OU groundwater monitoring activities: Project Management, Data
11 Generation and Acquisition, Assessment and Oversight, and Data Review and Usability..

12 A6.1 Project Management

13 This section addresses the basic aspects of project management, to ensure that project roles and
14 responsibilities are understood, and describes the quality specifications, training, and management of
15 project documents.

16 A6.1.1 Project/Task Organization
17 The contractor, or its approved subcontractor, is responsible for planning, coordinating, sampling,
18 preparing, packaging, and shipping samples to the laboratory. The project organization (in regard to
19 sampling and characterization) is described in the following sections and is shown graphically in
20 Figure A-2.

U.S. Department of Energy,
Environmental Richland Operations office

Program and Strategic Project Manager and --- R eguoyLa
Planning Technical Lead

Ennduotriala SamplSFiel

RaOerable Unit Quality Assurance

Comliace ffcoro

Project Manager

200-SW-2
Operable Unit

Technical Lead

Wse Radiological Industrial Sample Field

Engneeing Hygiene and Management Sampling
Mangeen Eninerng Safety and Reporting Operations

Radilogcal ontact Field Work

Technicans Laboratories Supervisor

Samplers

Figure A-2. 200-SW-2 Operable Unit Project Organization
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1 A6.1.1.1 Regulatory Lead
2 Ecology is responsible for regulatory oversight of cleanup projects and activities. Ecology, as lead
3 regulatory agency for the 200-SW-2 OU, has approval authority for work being performed under this
4 SAP. The lead regulatory agency will work with the DOE Richland Operations Office (DOE-RL) to
5 resolve concerns over the work described in this SAP in accordance with the TPA (Ecology et al., 1989a).

6 A6.1.1.2 DOE-RL Project Manager
7 DOE is responsible for Hanford Site cleanup. The DOE-RL Project Manager is responsible for
8 monitoring the contractor's performance of activities under CERCLA, RCRA, the Atomic Energy Act
9 of 1954, and the TPA (Ecology et al., 1989a) for the Hanford Site. The DOE-RL Project Manager is also

10 responsible for obtaining lead regulatory agency approval of the SAP authorizing the field sampling
11 activities.

12 A6.1.1.3 DOE-RL Technical Lead
13 The DOE-RL Technical Lead is responsible for providing day-to-day oversight of the contractor's work
14 scope performance, working with the contractor and regulatory agencies to identify and resolve technical
15 issues, and providing technical input to the DOE-RL Project Manager.

16 A6.1.1.4 200-SW-2 Operable Unit Project Manager
17 The 200-SW-2 OU Project Manager is responsible and accountable for project-related activities and
18 coordinates with DOE-RL, regulators, and contractor management in support of sampling activities.
19 Support is provided to the 200-SW-2 OU Technical Lead to ensure that work is performed safely and
20 cost effectively. The 200-SW-2 OU Project Manager (or designee) is responsible for managing sampling
21 documents and requirements, field activities, and subcontracted tasks and ensuring that the project file is
22 properly maintained. The 200-SW-2 OU Project Manager is responsible for ensuring that project
23 personnel are working to the current version of the SAP. The 200-SW-2 OU Project Manager ensures that
24 sampling design requirements are converted into field instructions providing specific direction for all field
25 activities. The 200-SW-2 OU Project Manager works closely with the Environmental Compliance
26 Officer (ECO), QA, Health and Safety, the Field Work Supervisor (FWS), and the Sample Management
27 and Reporting (SMR) organization to integrate these and other lead disciplines in planning and
28 implementing the work scope. The 200-SW-2 OU Project Manager maintains a list of individuals or
29 organizations filling each of the functional elements of the project organization.

30 A6.1.1.5 200-SW-2 Operable Unit Technical Lead
31 The 200-SW-2 OU Technical Lead is responsible for the development of specific sampling design,
32 analytical requirements, and QC requirement, either independently or as defined through a systematic
33 planning process. The 200-SW-2 OU Technical Lead ensures that sampling and analysis activities,
34 as delegated by 200-SW-2 OU Project Manager, are carried out in accordance with the SAP.

35 A6.1.1.6 Environmental Compliance Officer
36 The ECO, from the Environmental Program and Strategic Planning organization, provides technical
37 oversight, direction, and acceptance of project and subcontracted environmental work and develops
38 appropriate mitigation measures with a goal of minimizing adverse environmental impacts. The ECO also
39 reviews plans, protocols, and technical documents to ensure that environmental requirements have been
40 addressed; identifies environmental issues that affect operations and develops cost effective solutions; and
41 responds to environmental/regulatory issues or concerns raised by DOE-RL and/or regulatory agencies.
42 The ECO also oversees project implementation for compliance with applicable internal and external
43 environmental requirements.
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1 A6.1.1.7 Quality Assurance
2 The QA point-of-contact (POC) is matrixed from the QA organization to the 200-SW-2 OU Project
3 Manager and is responsible for QA issues on the project. Responsibilities include overseeing
4 implementation of the project QA requirements, reviewing project documents (including DQO summary
5 report, QAPjP, and SAP), reviewing data validation reports from third-party data validation contractors,
6 and participating in QA assessments on sample collection and analysis activities, as appropriate.

7 A6.1.1.8 Industrial Hygiene and Safety
8 The Health and Safety organization responsibilities include coordinating industrial safety and health
9 (industrial hygiene) support within the project, in accordance with the health and safety program, job

10 hazard analyses, and other pertinent federal regulations. Health and Safety also assists project personnel
11 in complying with the applicable health and safety program. The Health and Safety organization
12 coordinates with Radiological Engineering to determine personal protective clothing requirements.

13 A6.1.1.9 Radiological Engineering
14 The Radiological Engineering organization is responsible for radiological engineering and health physics
15 support within the project. Specific responsibilities include conducting as low as reasonably
16 achievable (ALARA) reviews, exposure and release modeling, and radiological controls optimization.
17 Radiological hazards are identified, and appropriate controls are implemented, to maintain worker
18 exposures to hazards at ALARA levels. The Radiological Engineering interfaces with the project Health
19 and Safety representative and other appropriate personnel, as needed, to plan and direct Radiological
20 Control Technician (RCT) support for activities.

21 A6. 1.1.10 Sample Management and Reporting Organization
22 The SMR organization is responsible for interfacing between the project, the Field Sampling
23 Operations (FSO), the Drilling and Well Maintenance Organization, and the analytical laboratories.
24 The SMR organization generates field sampling documents, labels, and instructions for field sampling
25 personnel; monitors the entire sample and data process; coordinates laboratory analytical work; and
26 ensures that the laboratories conform to Hanford Site internal laboratory QA requirements (or their
27 equivalent), as approved by the Tri-Parties. SMR resolves sample documentation deficiencies or issues
28 associated with the FSO, laboratories, or other entities to ensure that project needs are met; receives the
29 analytical data from the laboratories; performs data entry into the Hanford Environmental Information
30 System (HEIS); and arranges for, and oversees, data validation. SMR is responsible for informing the
31 200-SW-2 OU Project Manager of any issues reported by the analytical laboratory.
32 The SMR organization develops the Sampling Authorization Form (SAF), which provides information
33 and instruction to the analytical laboratories, oversees data validation, and works with the 200-SW-2
34 OU Project Manager to prepare a characterization report on the sampling and analysis results. SMR also
35 provides instructions to FSO samplers on the collection of samples, as specified in a SAP or monitoring
36 plan.

37 A 6.1.1.11 Analytical Laboratories
38 Onsite analytical laboratories and offsite contract laboratories analyze samples in accordance with
39 established methods, provide data packages containing analytical and quality control results, and provide
40 explanations in response to resolution of analytical issues. The laboratories must meet DOE/RL-96-68,
41 Hanford Analytical Services Quality Assurance Requirements Document (HASQARD), QA requirements,
42 must be on the Mission Support Alliance (MSA) Evaluated Suppliers List and be accredited by Ecology
43 for the analyses performed for the Soil and Groundwater Remediation Project (S&GRP).
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1 A6.1.1.12 Waste Management
2 Waste Management communicates policies and protocols and ensures project compliance for storage,
3 transportation, disposal, and waste tracking in a safe and cost effective manner. Waste Management is
4 also responsible for identifying waste management sampling/characterization requirements to ensure
5 regulatory compliance; interpreting the characterization data to generate waste designations and profiles;
6 and preparing and maintaining other documents confirming compliance with waste acceptance criteria.

7 A 6.1.1.13 Field Work Supervisor
8 The FSO FWS is responsible for planning and coordinating field sampling resources. The FWS ensures
9 that samplers are appropriately trained and available. Additional related responsibilities include ensuring

10 that the sampling design is understood and can be performed as specified by directing training,
11 performing mock-ups, and holding practice sessions with field personnel.

12 The FWS directs the samplers, who are nuclear chemical operators. The samplers collect groundwater,
13 soil, vapor, and multimedia samples, including replicates/duplicates; collect field parameters; and prepare
14 QC samples in accordance with the SAP, corresponding standard methods, and field and sample
15 instructions. The samplers complete field logbook entries, chain-of-custody forms, and shipping
16 paperwork and ensure delivery of the samples to the analytical laboratory.

17 The FWS acts as a technical interface between the 200-SW-2 OU Project Manager and the field crew
18 supervisors (such as the Drilling Buyer's Technical Representative [BTR], and Geologist-BTR) and
19 ensures that technical aspects of the field work will be met. The FWS reviews the SAP for field sample
20 collection concerns, analytical requirements, and special sampling requirements. The FWS, in
21 consultation with the 200-SW-2 OU Project Manager and SMR, resolves issues arising from translation
22 of technical requirements to field operations and coordinates resolution of sampling issues.

23 A6.1.1.14 Well Drilling and Well Maintenance
24 The Well Drilling and Well Maintenance Manager has overall responsibility for planning, coordinating,
25 and executing drilling construction and well maintenance activities. The Well Drilling and Well
26 Maintenance Manager coordinates with the 200-SW-2 OU Project Manager to identify field constraints
27 that could affect sampling design. The Well Activities Lead provides direction to the Geologist-BTR, who
28 oversees the field geologist, and the Drilling BTR who oversees field construction activities and is
29 responsible for daily interface with drilling and remediation subcontractors.

30 A6.1.2 Quality Objectives and Criteria
31 The QA objective of this plan is to ensure the generation of analytical data of known and appropriate
32 quality that are acceptable and useful for decision making. In support of this objective, statistics and data
33 descriptors, known as data quality indicators (DQIs), are used to determine the acceptability and utility of
34 data to the user. The principal DQIs are precision, accuracy, representativeness, comparability,
35 completeness, bias, and sensitivity and are defined for the purposes of this document in Table A-3.

36 Data quality is defined by the degree of stringency in the acceptance criteria assigned to these parameters.
37 Typically, the acceptance criteria is set by the analytical method itself; however, project-specific
38 requirements, as indicated by DQOs, may result in more stringent acceptance criteria. The applicable
39 QC guidelines, DQI acceptance criteria, and levels of effort for assessing data quality are dictated by the
40 intended use of the data and the requirements of the analytical method. DQIs are evaluated during the data
41 quality assessment (DQA) process.
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Table A-3. Data Quality Indicators

Determination

DQI

Precision

Accuracy

Definition'

Precision measures the agreement
among a set of replicate measurements.
Field precision is assessed through the
collection and analysis of field
duplicates. Analytical precision is
estimated by duplicate/replicate
analyses, usually on laboratory control
samples, spiked samples and/or field
samples. The most commonly used
estimates of precision are the relative
standard deviation and, when only two
samples are available, the relative
percent difference.
Accuracy is the closeness of a measured
result to an accepted reference value.
Accuracy is usually measured as a
percent recovery. Quality control
analyses used to measure accuracy
include standard recoveries, laboratory
control samples, spiked samples, and
surrogates.
Sample representativeness expresses the
degree to which data accurately and
precisely represents a characteristic of a
population, parameter variations at a
sampling point, a process condition, or
an environmental condition. It is
dependent on the proper design of the
sampling program and will be satisfied
by ensuring the approved plans were
followed during sampling and analysis.

Methodologies

Use the same analytical instrument to
make repeated analyses on the same
sample.

Use the same method to make repeated
measurements of the same sample within
a single laboratory.

Acquire replicate field samples for
information on sample acquisition,
handling, shipping, storage, preparation,
and analytical processes and
measurements.
Analyze a reference material or reanalyze
a sample to which a material of known
concentration or amount of pollutant has
been added (a spiked sample).

Evaluate whether measurements are
made and physical samples collected in
such a manner that the resulting data
appropriately reflect the environment or
condition being measured or studied.

Corrective Actions

If duplicate data do not meet objective:
* Evaluate apparent cause (e.g., sample

heterogeneity).
* Request reanalysis or re-measurement
* Qualify the data before use

If recovery does not meet objective:
* Qualify the data before use
* Request re-analysis or

re-measurement

If results are not representative of the
system sampled:
* Identify the reason for them not being

representative
* Reject the data, or, if data are

otherwise usable, qualify the data for
limited use and define the portion of
the system that the data represent

* Redefine sampling and measurement
requirements and protocols

* Resample and reanalyze

N)

Representativeness

0
0
I-

N)

0

N) -n



Table A-3. Data Quality Indicators

Determination

DQI

Comparability

Completeness

Methodologies

Use identical or similar sample collection
and handling methods, sample
preparation and analytical methods,
holding times, and quality
assurance protocols.

Compare the number of valid
measurements completed (samples
collected or samples analyzed) with those
established by the project's quality
criteria (data quality objectives or
performance/acceptance criteria).

Definition'

Comparability expresses the degree of
confidence with which one data set can
be compared to another. It is dependent
upon the proper design of the sampling
program and will be satisfied by ensuring
that the approved plans are followed and
that proper sampling and analysis
techniques are applied.

Completeness is a measure of the amount
of valid data collected compared to the
amount planned. Measurements are
considered to be valid if they are
unqualified or qualified as estimated data
during validation. Field completeness is a
measure of the number of samples
collected versus the number of samples
planned. Laboratory completeness is a
measure of the number of valid
measurements compared to the total
number of measurements planned.

Corrective Actions

If data are not comparable to other data
sets:
* Identify appropriate changes to data

collection and/or analysis methods
* Identify quantifiable bias, if

applicable.
* Qualify the data as appropriate
* Resample and/or reanalyze if needed.
* Revise sampling/analysis protocols to

ensure future comparability
If data set does not meet completeness
objective:
* Identify appropriate changes to data

collection and/or analysis methods
* Identify quantifiable bias, if

applicable
* Qualify the data as appropriate
* Resample and/or reanalyze if needed
* Revise sampling/analysis protocols to

ensure future comparability

0
0
I-

N)
C0
C0

N) -n



Definition'

Bias is the systematic or persistent
distortion of a measurement process that
causes error in one direction (e.g., the
sample measurement is consistently
lower than the sample's true value). Bias
can be introduced during sampling,
analysis, and data evaluation.

Analytical bias refers to deviation in one
direction (i.e., high, low or unknown) of
the measured value from a known
spiked amount.

Sensitivity is an instrument's or
method's minimum concentration that
can be reliably measured (i.e.,
instrument detection limit or limit of
quantitation).

Table A-3. Data Quality Indicators

Determination

Methodologies

Sampling bias may be revealed by
analysis of replicate samples.

Analytical bias may be assessed by
comparing a measured value in a sample
of known concentration to an accepted
reference value or by determining the
recovery of a known amount of
contaminant spiked into a sample
(matrix spike).

Determine the minimum concentration or
attribute to be measured by an instrument
(instrument detection limit) or by a
laboratory (limit of quantitation).

The lower limit of quantitation is the
lowest level which can be routinely
quantified and reported by a laboratory.

Source: SW-846, Pending, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Upd

DQI

Bias

Corrective Actions

For sampling bias:
* properly select and use sampling

tools,
* institute correct sampling and

subsampling procedures to limit
preferential selection or loss of
sample media,

* use random sampling designs
* use sample handling procedures,

including proper sample
preservation, that limit the loss or
gain of constituents to the sample
media.

Analytical data that are known to be
affected by either sampling or analytical
bias are flagged to indicate possible bias.

Laboratories that are known to generate
biased data for a specific analyte are
asked to correct their methods to remove
the bias as best as practicable. Otherwise,
samples are sent to other labs for
analysis.
If detection limits do not meet objective:
* Request reanalysis or

re-measurement using methods or
analytical conditions that will meet
required detection or limit of
quantitation

* Qualify/reject the data before use

ate V.

Sensitivity
0
0

r-
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0
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1 A6.1.3 Special Training/Certification
2 A graded approach is used to ensure that workers receive a level of training that is commensurate with
3 responsibilities and complies with applicable DOE orders and government regulations. The FWS, in
4 coordination with line management, will ensure that special training requirements for field personnel
5 are met.

6 Typical training requirements or qualifications have been instituted by the contractor management team to
7 meet training and qualification programs to satisfy multiple training drivers imposed by the applicable
8 Code of Federal Regulations and Washington Administrative Code requirements. For example, the
9 environmental, safety, and health training program provides workers with the knowledge and skills

10 necessary to execute assigned duties safely. Field personnel typically have completed the following
11 training before starting work:

12 e Occupational Safety and Health Administration 40-Hour Hazardous Waste Worker Training and
13 supervised 24-hour hazardous waste site experience

14 e 8-Hour Hazardous Waste Worker Refresher Training (as required)

15 e Hanford General Employee Radiation Training

16 e Hanford General Employee Training

17 e Radiological Worker Training

18 Project-specific safety training, geared specifically to the project and the day's activity, will be provided.
19 Project-specific training includes the following:

20 e Training requirements or qualifications needed by sampling personnel will be in accordance with
21 QA requirements.

22 e Samplers are required to have training and required certifications for the type of sampling that is
23 being performed in the field.

24 e Qualification requirements for RCTs are established by the Radiation Protection Program. The RCTs
25 assigned to these activities will be qualified through the prescribed training program and will undergo
26 ongoing training and qualification activities.

27 e Project personnel deploying passive or active soil vapor sampling devices will receive training in
28 accordance with manufacturer's recommendations and methods for proper use of the equipment:

29 - Geophysical methods (e.g., ground penetrating radar [GPR], electromagnetic induction [EMI],
30 total magnetic field [TMF], and borehole logging) will be subcontracted work. Subcontractors
31 will be required to operate equipment in accordance with manufacturer recommendations and
32 instructions, using or under the supervision of properly trained and qualified geologists or
33 geophysicists. Documentation of training, qualifications, or other certifications will be maintained
34 in the project files.

35 - Direct push activities will be subcontracted work. Subcontractors will be required to operate
36 equipment in accordance with manufacturer's recommendations and instructions using properly
37 trained and qualified personnel. Documentation of training, qualifications, or other certifications
38 will be maintained in the project files.
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1 - Horizontal boring activities will be subcontracted work. Subcontractors will be required to
2 operate equipment in accordance with their standard operating methods using properly trained
3 and qualified personnel. Documentation of training, qualifications, or other certifications will be
4 maintained in the project files.

5 - Appropriately qualified onsite staff will perform excavation activities. Work will proceed in
6 accordance with manufacturer's recommendations and instructions for proper use of equipment,
7 using trained and qualified personnel. Documentation of training, qualifications, or other
8 certifications will be maintained in the project files.

9 Pre-job briefings will be performed in accordance with work management and work release documents to
10 evaluate an activity and associated hazards by considering the following various factors:

11 e Objective of the activities

12 e Individual tasks to be performed

13 e Hazards associated with the planned tasks

14 e Controls applied to mitigate the hazards

15 e Environment in which the job will be performed

16 e Facility where the job will be performed

17 e Equipment and material required

18 e Safety protocols applicable to the job

19 e Training requirements for individuals assigned to perform the work

20 e Level of management control

21 e Proximity of emergency contacts

22 Training records are maintained for each individual employee in an electronic training record database.
23 The contractor's training organization maintains the training records system. Line management will be
24 used to confirm that an individual employee's training is appropriate and up-to-date prior to performing
25 any field work.

26 A6.1.4 Documents and Records
27 The 200-SW-2 OU Project Manager is responsible for ensuring that the current version of the SAP is
28 being used and providing any updates to field personnel. Version control is maintained by the
29 administrative document control process. Changes to the SAP are handled consistent with HASQARD
30 (DOE/RL-96-68) and the TPA Action Plan (Ecology et al., 1989b). Table A-4 summarizes the changes
31 that may be made and their documentation requirements.

32 The 200-SW-2 OU Project Manager is responsible for tracking all changes and obtaining appropriate
33 reviews by contractor staff. The 200-SW-2 OU Project Manager will discuss the change with DOE-RL.
34 DOE-RL will then discuss with the lead regulatory agency significant and fundamental changes, as
35 described in Sections 9.3 and 12.4 of the TPA Action Plan (Ecology et al., 1989b). Appropriate
36 documentation will follow, in accordance with the requirements for the type of change.

37 SMR, the FWS, and the appropriate BTR are responsible for ensuring that the field instructions are
38 maintained and aligned with any revisions or approved changes to the SAP. SMR will ensure that any
39 deviations from the SAP are reflected in revised paperwork as applicable for the samplers and the
40 analytical laboratory. The FWS or appropriate BTR will ensure that deviations from the SAP or problems
41 encountered in the field are documented appropriately (e.g., in the field logbook or on nonconformance
42 report forms) in accordance with internal corrective action protocols.
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Table A-4. Change Control for Sampling Projects

Type of Change

Type of Changea

Minor Change.
Change has no impact
on the sample or field
analytical result, and
little or no impact on
performance or cost.
Further, the change
does not affect the
DQOs specified in the
sampling and analysis
plan.

Significant Change.
Change has a
considerable effect on
performance or cost,
but still allow for
meeting the DQOs
specified in the
sampling and analysis
plan.

Fundamental Change.
Change has significant
effect on the sample or
the field analytical
result, performance, or
cost, and the change
does not meet the
requirements specified
in the DQOs in the
sampling document.

(TPA Action Planb)

Minor Field
Change. Changes
that have no adverse
effect on the
technical adequacy
of the job or the
work schedule.

Minor Change.
Changes to approved
plans that do not
affect the overall
intent of the plan or
schedule.

Revision Necessary.
Lead regulatory
agency determines
changes to approved
plans require
revision to
document.

Action

The field personnel recognizing
the need for a field change will
consult with the 200-SW-2
OU Project Manager prior to
implementing the field change.

The 200-SW-2 OU Project
Manager will inform the DOE-RL
Project Manager and the
Regulatory Lead of the change
and seek concurrence at a Unit
Manager's Meeting or
comparable forum. The lead
regulatory agency determines
there is no need to revise the
document.

If it is anticipated that a
fundamental change will require
the approval of the Regulatory
Lead, the applicable DOE-RL
Project Manager will be notified
by the 200-SW-2 OU Project
Manager and will be involved in
the decision prior to
implementation of a fundamental
change The lead regulatory
agency determines the change
requires a revision to the
document.

Documentation

Minor field changes will
be documented in the
field logbook. The
logbook entry will include
the field change, the
reason for the field
change, and the names
and titles of those
approving the filed
change.

Documentation of this
change approval would be
in the Unit Manager's
Meeting minutes or
comparable record such
as a change notice.'

Formal revision of the
sampling document.

a. Consistent with DOE/RL-96-68, Hanfrrd Analytical Services Quality Assurance Requirements Document (HASQARD).
b. Consistent with Sections 9.3 and 12.4 of Ecology et al., 1989b, Hanford Federal Facility Agreement and Consent Order
Action Plan.
c. The TPA Action Plan, Section 9.3, defines the minimum elements of a change notice.

DOE-RL = U.S. Department of Energy-Richland Operations Office

DQO

OU

data quality objective

operable unit

1

2

3
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1 The 200-SW-2 OU Project Manager, FWS, or designee is responsible for communicating field corrective
2 action requirements and ensuring that immediate corrective actions are applied to field activities.

3 The 200-SW-2 OU Project Manager is responsible for ensuring that a project file is properly maintained.
4 The project file will contain the records or references to their storage locations. The project file will
5 include the following items, as appropriate:

6 e Operational records and logbooks

7 e Data forms

8 e Global positioning system (GPS) data (a copy will be provided to SMR)

9 e Inspection or assessment reports and corrective action reports

10 e Borehole summary reports

11 e Interim progress reports

12 e Final reports

13 e Forms required by WAC 173-160, "Minimum Standards for Construction and Maintenance of
14 Wells," and the master drilling contract

15 The following records are managed and maintained by SMR personnel:

16 e Field sampling logbooks

17 e Groundwater sample reports and field sample reports

18 e Chain-of-custody forms

19 e Sample receipt records

20 e Laboratory data packages

21 e Analytical data verification and validation reports

22 e Analytical data "case file purges" (i.e., raw data purged from laboratory files) provided by offsite
23 analytical laboratories

24 The laboratory is responsible for maintaining, and having available upon request, the following items:

25 e Analytical logbooks

26 e Raw data and QC sample records

27 e Standard reference material and/or proficiency test sample data

28 e Instrument calibration information

29 Records may be stored in either electronic or hard copy format. Documentation and records, regardless of
30 medium or format, are controlled in accordance with internal work requirements and processes to ensure
31 the accuracy and retrievability of stored records. Records required by the TPA (Ecology et al., 1989a) will
32 be managed in accordance with the requirements therein.
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1 A6.2 Data Generation and Acquisition

2 The following subsections present the requirements for analytical methods, measurement and analysis,
3 data collection or generation, data handling, and field and laboratory QC. The requirements for instrument
4 calibration and maintenance, supply inspections, and data management are also addressed. The sampling
5 design is presented in the FSP of this SAP.

6 A6.2.1 Analytical Methods Requirements
7 Analytical performance requirements for passive soil vapor samples are included in Table A-5. Analytical
8 performance requirements for active soil vapor samples are shown in Table A-6. Analytical method
9 performance requirements for samples collected are presented in Table A-7. Laboratory operations and

10 analytical services will comply with HASQARD (DOE/RL-96-68). Project-specific criteria identified in
11 Table A-7 may be more stringent than criteria specified in the HASQARD, in which case Table A-7 takes
12 precedence over similar criteria in HASQARD (DOE/RL-96-68). In consultation with the laboratory and
13 the 200-SW-2 OU Project Manager, SMR can approve changes to analytical methods as long as the new
14 method is based upon a nationally recognized standard method (e.g., EPA and American Society for
15 Testing and Materials [ASTM]) and as long as the new method delivers analytical data that are
16 comparable to those provided by the old method. The new method will achieve project DQOs, as well as
17 or better than the replaced method, and is required due to the nature of the sample (e.g., high
18 radioactivity). The laboratory using the new method must be accredited by Ecology to perform that
19 method.

20 The laboratory using nonstandard methods, if any, must provide method validation data to confirm that
21 the method is adequate for the intended use of the data. This includes information such as determination
22 of detection limits, quantitation limits, typical recoveries, and analytical precision and bias. Approval of
23 the SAP by a regulatory agency constitutes approval of the nonstandard method.

24 Deviations from the analytical methods noted in Table A-7 must be approved in accordance with
25 Table A-4 and in accordance with HASQARD (DOE/RL-96-68). The SMR organization, in consultation
26 with the 200-SW-2 OU Project Manager, will take the lead in ensuring that deviations from the analytical
27 methods noted in Table A-7 are properly approved.

28 Issues that may affect analytical results are to be resolved by SMR in coordination with the 200-SW-2
29 OU Project Manager.

30 A6.2.2 Field Analytical Methods
31 Chemical field screening and radiological field survey data used for site characteristics will be performed
32 in accordance with approved methods and with applicable HASQARD (DOE/RL-96-68). Field analytical
33 methods may also be performed in accordance with the manufacturer manuals.

34 A6.2.3 Quality Control
35 QC requirements specified in the SAP must be followed in the field and analytical laboratory to ensure
36 that reliable data are obtained. Field QC samples will be collected to evaluate the potential for
37 cross-contamination and provide information pertinent to field sampling variability. Laboratory QC
38 samples estimate the precision, bias, and matrix effects of the analytical data. Field and laboratory QC
39 sample requirements are summarized in Table A-8.

40 Failure of a QC measure will be determined and evaluated during data validation and DQA processes.
41 Data will be qualified and flagged in HEIS, as appropriate.
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Table A-5. Analytical Performance Requirements for Passive Soil Vapor Samples

Analytical Target Detection Accuracy Precision
Parameter Collection Device and Method Limit (%) (%)

Laboratory Analysis

Organic vapors
(VOCs per Passive soil vapor (BESURE or GORE-SORBER)a, 10 ng/sample +/-25 70 - 130
manufacturers' EPA Method 8260Bb
specifications)

a. BESURE is a registered trademark of Beacon Environmental Services, Inc., Bel Air, Maryland. GORE-SORBER is a
trademark of W. L. Gore and Associates, San Francisco, California.
b. EPA Method 8260B (uses gas chromatography/mass spectrometry) is found in SW-846, Test Methodsfir Evaluating Solid
Waste: Physical/Chemical Methods, Third Edition; Final Update IV-B.
EPA = U.S. Environmental Protection Agency
ng = nanogram
VOC = volatile organic compound

Table A-6. Analytical Performance Requirements for Active Soil Vapor Samples (EPA Method TO-15)

Accuracy Precision
CAS Number Analyte EQL (%) (%)

71-55-6 1,1,1-Trichloroethane 0.2 ppb (v/v) +/-25 70 to 130

75-35-4 1, 1-Dichloroethene 0.2 ppb (v/v) +/-25 70 to 130

107-06-2 1,2-Dichloroethane 0.2 ppb (v/v) +/-25 70 to 130

67-64-1 Acetone 0.2 ppb (v/v) +/-25 70 to 130

71-43-2 Benzene 0.2 ppb (v/v) +/-25 70 to 130

56-23-5 Carbon Tetrachloride 0.2 ppb (v/v) +/-25 70 to 130

67-66-3 Chloroform 0.2 ppb (v/v) +/-25 70 to 130

124-48-1 Dibromochloromethane 0.2 ppb (v/v) +/-25 70 to 130

75-09-2 Methylene Chloride 0.2 ppb (v/v) +/-25 70 to 130

79-01-6 Trichloroethene 0.2 ppb (v/v) +/-25 70 to 130

75-01-4 Vinyl Chloride 0.2 ppb (v/v) +/-25 70 to 130

Note: EPA Compendium Method TO-15 is found in EPA/625/R-96/0 10b, Compendium of Methodsfi]r the Determination of
Toxic Organic Compounds in Ambient Air.

CAS = Chemical Abstracts Service

EPA = U.S. Environmental Protection Agency

EQL = estimated quantitation limit

ppb (v/v) = parts per billion, volume to volume

2
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Table A-7. Analytical Performance Requirements for 200-SW-2 OU Landfill Sampling

Preliminary Screening Levelsa

CAS Number

12587-46-1

Analyte

Gross Gamma

Gross Alpha

EQ]Units

pCi/g

Direct G
L Exposure* P

Performance Requirements for Field Measurements

roundwater
rotection**

10

dpm/100
cm 2 100

Ecological
Protection

Analytical Method b

Portable sodium iodide
detector

Portable contamination
detector

Precision
Requirement

(%)

50

<50

12587-47-2 Gross Beta dpm/100 5,000 Portable contamination <50
cm 2  detector

Performance Requirements for Laboratory Measurements (Radiological)

14596-10-2 Americium-241 pCi/g 1 942 -- 4,840 AEA <30 70-130

14762-75-5 Carbon-14 pCi/g 2 1,600,000 -- 32 LSC <30 70-130

10045-97-3 Cesium-137d pCi/g 0.1 18 -- 924 GEA <30 70-130

10198-40-0 Cobalt-60d pCi/g 0.05 9.4 -- 805 GEA <30 70-130

15757-87-6 Curium-243 pCi/g -- 105 -- -- AEA <30 d70-130

13981-15-2 Curium-244 pCi/g -- 7,200 -- 50,800 AEA <30 d70-130

14683-23-9 Europium-152 pCi/g 0.1 12 -- 1,740 GEA <30 70-130

15585-10-1 Europium-154 pCi/g 0.1 13 -- 1,610 GEA <30 70-130

14391-16-3 Europium-155 pCi/g 0.1 966 -- 33,400 GEA <30 70-130

15046-84-1 lodine-129 pCi/g 2 1,943 -- -- GEA <30 70-130

13994-20-2 Neptunium-237 pCi/g 1 42 -- 7,880 AEA <30 d70-130

13981-37-8 Nickel-63 pCi/g 30 1,100,000 -- -- LSC <30" 70-130

13981-16-3 Plutonium-238 pCi/g 1 3,370 -- 5,980 AEA <30 70-130

PU-239/240 Plutonium-239/240 pCi/g 1 2,906 -- 6,270 AEA <30 70-130

14119-32-5 Plutonium-241 pCi/g -- 31,100 -- -- LSC <30 70-130

15758-45-9 Selenium-79 pCi/g -- -- -- GEA <30 d70-130

10098-97-2 Strontium-90d pCi/g 1 1,968 -- 91 GFPC <30 70-130

14133-76-7 Technetium-99d pCi/g -- 165,700 -- 5,360 LSC < 3 0 d70-130

14274-82-9 Thorium-228 pCi/g 40 -- -- GEA <30" 70-130

Thorium-230

Thorium-232

Thorium-234

Tritium

Uranium-233/234c

Accuracy
Requirement

(%)

14269-63-7

TH-232

15065-10-8

10028-17-8

U-233/234

pCi/g

pCi/g

pCi/g

pCi/g

pCi/g

12

3.0 4,560

49,800

1,757

420

GEA

GEA

GEA

LSC

AEA

<3 0d

<3 0d

<3 0d

<3 0d

<30 d
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Table A-7. Analytical Performance Requirements for 200-SW-2 OU Landfill Sampling

Preliminary Screening Levelsa

CAS Number

15117-96-1

7440-61-1

Analyte

Uranium-235 f

Uranium-238'

EQLUnits

pCi/g

pCi/g

Direct Groundwater
Exposure* Protection**-

61 --

283

Ecological
Protection

4,360

5,150

Analytical Method'

AEA

AEA

Precision
Requirement

(%)
<3 0d

<3 0O'

Accuracy
Requirement

(71

70-130

70-13 0

Performance Requirements for Laboratory Measurements (Nonradiological)

Bromide

Chloride

Fluoride

Nitrate (as N)

Nitrite (as N)

Phosphate

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

EPA 300.0
(anions by IC)

5

2.5

210,000

5,600,000

350,000

1,000

2,880

40

4.0

--

<3 09

100

2.8

52

52

0.79

1480-79-8 ullate mg/kg I -- 1,00 237

6684-80-6 Ammonium mg/kg -- -- -- 9.23 Ammonia method <30 70-130

57-12-5 Cyanide mg/kg 0.5 2,100 0.97 -- EPA 9010 or 9012 <30 7 0-130

-- Asbestos -- -- -- -- PLM - NIOSH 9002 -- --

TPHKEROSENE Kerosene mg/kg 5 -- -- -- TPH-Diesel <30 70-130

Aluminum

Antimony

Arsenic

Barium

Beryllium

Bismuth

Boron

Cadmium

Chromium (Total)

Cobalth

Copper

Lead'

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

5

6

10

2

0.5

80,000

32

0.67

16,000

160

16,000

80

120,000

24

3,200

1

2

1

5

480,000

5.4

0.034

1,650

63

205

0.69

2,000

4.3

284

2,500

11,800
EPA 6010 or 200.8

(ICP or ICP/MS metals)
<309

5.2

10

330

10

0.5

4

18.5

15.7

50

50

24959-67-9

16887-00-6

16984-48-8

N03-N

N02-N

14265-44-2

1 AOC(O -7C0

7429-90-5

7440-36-0

7440-38-2

7440-39-3

7440-41-7

7440-69-9

7440-42-8

7440-43-9

7440-47-3

7440-48-4

7440-50-8

7439-92-1
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Table A-7. Analytical Performance Requirements for 200-SW-2 OU Landfill Sampling

Preliminary Screening Levelsa

CAS Number

7439-93-2

7439-96-5

7439-98-7

7440-02-0

7782-49-2

7440-22-4

7440-24-6

7440-28-0

7440-61-1

7440-62-2

7440-66-6

7439-97-6

72-54-8

72-55-9

50-29-3

309-00-2

319-84-6

319-85-7

57-74-9

319-86-8

60-57-1

1024-57-3

11141-16-5

53469-21-9

12672-29-6

Analyte

Lithium

Manganesej

Molybdenum

Nickel

Selenium k

Silverk

Strontium

Thallium

Uranium

Vanadium

Zinc

Mercuryl

4,4'-DDD"

4,4'-DDE"

4,4'-DDT

Aldrin

Alpha-BHC'"

Beta-BHC

Chlordane'"

Delta-BHC

Dieldrin'"

Heptachlor Epoxide'

Aroclor-1232'"

Aroclor-1242'"

Aroclor-1248'"

EQL

2.5

5

2

4

10

1

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Direct
Exposure*

160

11,200

400

1,600

400

400

48,000

240

400

24,000

2.5

1

0.2 24

0.0033

0.0033

0.0033

0.00165

0.00165

0.00165

0.0165

0.00165

0.0033

0.00165

0.0165

0.0165

0.0165

547

386

386

7.7

21

73

375

8.2

14

66

66

66

Groundwater
Protection**

192

501

32

130

130

14

6,760

0.71

270

1,600

5,970

2.1

0.34

0.45

3.5

0.0025

54,000

0.0030

0.26

0.0028

0.0080

0.0038

0.069

0.067

Ecological
Protection

33.5

512

6

30

30

2

Analytical Method'

1

5

85.1

67.8

.33
EPA 7471 (Mercury by
Cold Vapor) or 200.8

(ICP/MS)

EPA 8081 (Pesticides)

1.0

40

40

40

EPA 8082 (Polychlorinated
Biphenyls)

Precision
Requirement

(%)

Accuracy
Requirement

(%)

<309

<3" 

7 0-1309

70-130"n

72-54-8 4,4'-DDD" mg/kg 0.0033 547 0.34 <3 on 70-130"n
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Table A-7. Analytical Performance Requirements for 200-SW-2 OU Landfill Sampling

Preliminary Screening Levelsa

CAS Number

72-55-9

50-29-3

309-00-2

319-84-6

319-85-7

57-74-9

71-55-6

Analyte

4,4'-DDE'"

4,4'-DDT

Aldrin

Alpha-BHC'"

Beta-BHC

Chlordane'"

1,1,1 -Trichloroethane

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

EQL

0.0033

0.0033

0.00165

0.00165

0.00165

0.0165

0.005

Direct
Exposure*

386

386

7.7

21

73

375

7.OOE+06

Groundwater
Protection**

0.45

3.5

0.0025

54,000

0.0030

0.26

1.6

Ecological
Protection

Analytical Method"

Precision
Requirement

(%)

1.0

EPA 8260 (Volatile Organic
Compounds) <3 on

630-20-6 1,1,1,2-Tetrachloroethane mg/kg 5 5,048 -- --

79-34-5 1,1,2,2-Tetrachloroethane mg/kg 5 656 0.0012 --

76-13-1 1,1,2-Trichloro-1,2,2- mg/kg 0.01 -- --
trifluoroethane

79-00-5 1,1,2-Trichloroethane mg/kg 0.005 2,303 0.0043 --

75-34-3 1,1-Dichloroethane mg/kg 0.01 23,026 0.042 --

75-35-4 1,1-Dichloroethene mg/kg 0.005 175,000 0.050 --

107-06-2 1,2-Dichloroethane mg/kg 0.005 1,442 0.0023 --

78-93-3 2-Butanone mg/kg 0.01 2.1OE+06 20 --

79-46-9 2-Nitropropane mg/kg 0.005 -- --

108-10-1 4-Methyl-2-pentane mg/kg 0.01 280,000 2.7 --

67-64-1 Acetone mg/kg 0.02 3.15E+06 29 --

75-05-8 Acetonitrile mg/kg 0.1 -- --

71-43-2 Benzene mg/kg 0.005 2,386 0.0045 --

75-15-0 Carbon Disulfide mg/kg 0.005 350,000 5.6 --

56-23-5 Carbon Tetrachloride mg/kg 0.005 1,875 0.0058 --

108-90-7 Chlorobenzene mg/kg 0.005 70,000 0.87 40

A-24
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Table A-7. Analytical Performance Requirements for 200-SW-2 OU Landfill Sampling

Preliminary Screening Levelsa

CAS Number

67-66-3

159-59-2

60-29-7

141-78-6

100-41-4

78-83-1

67-56-1

75-09-2

71-36-3

127-18-4

108-88-3

156-60-5

10061-02-6

79-01-6

75-69-4

75-01-4

1330-20-7

120-82-1

95-95-4

88-06-2

121-14-2

95-57-8

110-80-5

Analyte

Chloroform

cis- 1,2-Dichloroethene

Diethyl Ether

Ethyl Acetate

Ethylbenzene

Isobutanol

Methanol

Methylene Chloride

n-Butyl Alcohol (1-butanol)

Tetrachloroethene

Toluene

trans-1,2-Dichloroethene

trans-1,3-Dichloropropene

Trichloroethene

Trichlorofluoromethane

Vinyl Chloride'"

Xylenes, total

1,2,4-Trichlorobenzene

2,4,5-Trichlorophenol

2,4,6-Trichlorophenol

2,4-Dinitrotoluene'"

2-Chlorophenol

2-Ethoxyethanol

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

ug/kg

EQL

0.005

0.005

0.005

5

0.005

0.5

1

0.005

0.1

0.005

0.005

0.005

0.005

0.005

0.01

0.01

0.01

0.33

0.33

0.33

0.33

0.33

1650

Direct
Exposure*

4,234

7,000

700,000

3.15E+06

11,932

1,050,000

1,750,000

21,000

350,000

21,000

280,000

70,000

1,313

1,750

1,050,000

182

700,000

4,526

350,000

3,500

423

17,500

Groundwater
Protection**

0.0075

0.080

6.8

30

0.034

Ecological
Protection

Analytical Method'

16

0.022

0.053

4.7

0.54

0.0025

0.0036

28

3.80E-04

15

200

EPA 8270 (Semivolatile

Organic Compounds)
0.056

29

0.046

0.0017

0.47

Precision

Requirement
(%)

Accuracy

Requirement
(%)

<3 on 70-130"n
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Table A-7. Analytical Performance Requirements for 200-SW-2 OU Landfill Sampling

Preliminary Screening Levelsa

CAS Number

95-48-7

65794-96-9

59-50-7

83-32-9

56-55-3

50-32-8

205-99-2

207-08-9

117-81-7

85-68-7

218-01-9

108-94-1

53-70-3

84-72-2

117-84-0

206-44-0

118-74-1

87-68-3

67-72-1

193-39-5

91-20-3

Analyte

2-Methylphenol (o-cresol)

3+4 Methylphenol (m+p-
cresol)

4-Chloro-3-methylphenol

Acenaphthene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Bis(2-ethylhexyl)phthalate

Butylbenzyl phthalate

Chrysene'"

Cyclohexanone

Dibenz[a,h]anthracene

Di-n-butylphthalate

Di-n-octylphthalate

Fluoranthene

Hexachlorobenzene'"

Hexachlorobutadiene

Hexachloroethane

Indeno(1,2,3-cd)pyrene

Naphthalene

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kgi

mg/kg

mg/kg

Direct
Exposure*

175,000

EQL

0.33

0.33

0.33

0.015

0.015

0.015

0.015

0.015

0.33

0.33

0.04

0.33

0.03

0.33

0.33

0.04

0.33

0.33

0.33

0.03

0.04

350,000

210,000

180

18

180

180

9,375

69,079

1,798

1.75E+07

180

350,000

42,000

140,000

82

1,683

2,450

180

70,000

Groundwater
Protection**

2.3

22

98

0.86

0.23

2.9

2.9

13

13

9.5

4.3

319,000

319,000

631

0.088

0.61

0.044

8.3

4.5

Ecological
Protection

Analytical Method'

Precision
Requirement

(%)

Accuracy
Requirement

(%)

20

18

18

18

18

100

18

18

18

18

29

98-95-3 Nitrobenzenem  mg/kg 0.33 7,000 0.10

621-64-7 N-Nitroso-di-n mg/kg 0.33 19 5.60E-05
dipropylaminem

59-89-2 n-Nitrosomorpholine mg/kg 0.33 20

95-50-1 o-Dichlorobenzene mg/kg 3.15E+05

88-75--5 o-Nitrophenol mg/kg 0.33
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Table A-7. Analytical Performance Requirements for 200-SW-2 OU Landfill Sampling

Preliminary Screening Levelsa
Ecological Precision Accuracy

Direct Groundwater Protection Requirement Requirement
CAS Number Analyte Units EQL Exposure* Protection** Analytical Method" (%) (%)

87-86-5 Pentachorophenol mg/kg 0.33 328 0.0035 --

129-00-0 Pyrene mg/kg 0.04 105,000 655 18

110-86-1 Pyridine mg/kg 0.33 3,500 -- --

126-73-8 Tributyl Phosphate"' mg/kg 3.3 14,583 0.50 --

Sources:
* ECF-HANFORD-10-0453, Calculation of Standard Method C Direct Contact Soil Cleanup Levelsfor Industrial Land Usefor the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports, and ECF-HANFORD-10-0452, Calculation of Radiological Preliminary Remediation

Goals in Soilfbr an Industrial Worker Exposure Scenariofor the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports.
** ECF-HANFORD-10-0442, Calculation ofNonradiological Soil Concentrations Protective of Groundwater Using the Fixed Parameter 3-Phase Equilibrium Partitioning Equation f]r the 100 Areas and 300 Area.

*** CHPRC-00784, Tier]I Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanord Site.

a. Unless otherwise noted, preliminary cleanup goals are established in WAC 173-340, "Model Toxics Control Act-Cleanup."

b. Equivalent methods may be substituted. For EPA Method 300.0, see EPA-600/4-79-020, Methodsfi]r ChemicalAnalysis of Water and Wastes. For EPA Method 200.8, see EPA-600/R-94/1 11, Methodsbr the Determination ofMetals in Environmental Samples Supplement 1. For the four-digit
EPA methods, see SW-846, Test Methods ]br Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update IV-B.

c. Field measurements have no specific quality control requirement for accuracy except to perform checks to verify manufacturer's expected performance.
d. Accuracy criteria shown are for associated batch laboratory control sample percent recoveries. Except for gamma energy analysis methods, additional accuracy criteria include analysis-specific evaluations performed for matrix spike, tracer, and/or carrier recoveries, as appropriate to the
method. The precision criteria shown are for batch laboratory replicate sample relative percent differences.
e. Uranium-233/234 and uranium-238 groundwater and river protection preliminary cleanup goal values are not risk-based. The values are based on Hanford Site Background.
f. Uranium-235 groundwater and river protection preliminary cleanup goal values are based on the recommended daily limit.
g. Accuracy criteria specified are for calculated percent recoveries for associated analytical batch matrix spike samples. Additional accuracy evaluation based on statistical control limits for analytical batch laboratory control samples also is performed. The precision criteria shown are for batch
laboratory replicate matrix spike or replicate sample relative percent differences.
h. Cobalt groundwater and river protection preliminary cleanup goal values are based on Hanford Site background.
i. Based on Method A values from WAC 173-340-900, "Tables," Tables 740-1 and 745-1, amended February 12, 2001.
j. The manganese preliminary cleanup goal groundwater and river protection values are not risk based. They are based on Washington State natural background concentration.
k. To meet or approach calculated cleanup goals, laboratories must use axial-based ("trace") ICP analytical methods. The laboratory also may substitute graphite furnace or IC/MS methods if estimated quantitation limits are met.
1. The mercury preliminary cleanup goal river protection value is not risk-based. The value is based on Hanford Site background.
m. Calculated preliminary cleanup goal values are less than the established analytical methodology capabilities. The analytical detection limits will be used as working levels and will be periodically reviewed to establish whether lower detection limit capabilities have become available.
n. Accuracy criteria shown are the minimum for associated batch laboratory control sample percent recoveries. Laboratories must meet statistically based control, if more stringent. Additional accuracy criteria include analyte-specific evaluations performed for matrix spike and surrogate
recoveries, as appropriate to the method. The precision criteria shown are for batch laboratory replicate matrix spike analysis relative percent differences. Tentatively identified compounds will be reported for SW-846 Method 8260.
-- Not available

CAS = Chemical Abstracts Service
EPA = U.S. Environmental Protection Agency
EQL = estimated quantitation limit

GEA = gamma energy analysis
GFPC = gas flow proportional counting
ICP = inductively coupled plasma
LSC = liquid scintillation counter
MS = mass spectrometer
NIOSH = National Institute for Occupational Safety and Health
TPH = total petroleum hydrocarbon (determination Method in Washington and Oregon)
PLM = polarized light miscroscopy

1
2
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Table A-8. 200-SW-2 OU Project Quality Control Requirements

Sample Type

Field Duplicates

Field Splits

Full Trip Blanks

Frequency

Field Quality Control

One for every 20 samples maximum of
each media sampled (well trips or soil
samplesa)
As needed

When needed, the minimum is one for
every analytical method, for each media
sampled, for analyses performed where
detection limit and precision and
accuracy criteria have been defined in the
Analytical Performance Requirements
table
One for every 20 samples for each media
sampled

Characteristics Evaluated

Precision, including sampling and
analytical variability

Precision, including sampling,
analytical, and inter-laboratory

Contamination from containers or
transportation

Field Transfer Blanks One each day VOCs sampled for each Contamination from sampling site
media sampled (wells or boreholes)

Equipment Blanks As needed Adequacy of sampling equipment
decontamination and contamination

If only disposable equipment is used or from nondedicated equipment
equipment is dedicated to a particular
well, then an equipment blank is not
required

Otherwise, one for every 20 samples for

each media 'c

Laboratory Quality Controld

Method Blanks e Laboratory Contamination

Laboratory Duplicates e Laboratory Precision

Matrix Spikes

Matrix Spike Duplicates

Surrogates

Tracers

e

e

e

e

Matrix Effect/Laboratory Accuracy

Laboratory Accuracy and Precision

Recovery/Yield

Recovery/Yield

Laboratory Control Samples

Performance Evaluation

Programsf

Double-Blind Standards

1 for every batchd

Annual

Evaluate Laboratory Accuracy

Evaluate Laboratory Accuracy

Evaluate Laboratory AccuracyQuarterlyg
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Table A-8. 200-SW-2 OU Project Quality Control Requirements
Assessment Annuallyh or Every 3 yearsi Evaluate Overall Laboratory

Performance and Operations

a. Soil grab samples that are not representative of a specific depth interval or location may be exempted from duplicate
sampling.
b. For portable Grundfos pumps, equipment blanks are collected I for every 10 well trips. Whenever a new type of
nondedicated equipment is used, an equipment blank will be collected every time sampling occurs until it can be shown
that less frequent collection of equipment blanks is adequate to monitor the decontamination methods for the
non-dedicated equipment.
c. Vendor provided borehole equipment is considered dedicated equipment and EBs are not typically performed.
d. Batching across projects is allowed for similar matrices (e.g., all Hanford groundwater).
e. As defined in laboratory analysis methods.
f. Nationally recognized program, such as DOE Mixed Analyte Performance Evaluation Program or Environmental
Resource Associates.
g. Water matrix double-blind standards are submitted quarterly. Soil matrix double-blind standards are submitted by
request of Analytical Services.
h. DOE, 2011, Quality Systemsfor Analytical Services, requires annual assessment of commercial laboratories.
i. DOE/RL-96-68, 2007, Hanford Analytical Services Quality Assurance Requirements Document (HASQARD), does not
define a frequency for assessment of onsite laboratories. Three year evaluated supplier list requirement is typically applied.
QA = quality assurance
QC = quality control
VOC = volatile organic compound

A6.2.3.1 Field Quality Control Samples
Field QC samples will be collected to evaluate the potential for cross-contamination and provide
information pertinent to field sampling variability and laboratory performance to help ensure that reliable
data are obtained. Field QC samples include field duplicates, split samples, and three types of field
blanks: full trip blanks (FTBs), field transfer blanks (FXRs), and equipment blanks (EBs). Field blanks
are typically prepared using high purity reagent water. QC samples and the required frequency for
collection are described in this section.

Field Duplicates. Field duplicates (DUPs) are independent samples collected as close as possible to the
same time and same location and are intended to be identical. DUPs are placed in separate sample
containers, and analyzed independently. The DUPs are collected at a frequency of 1 in 20 samples, and
should be collected generally from an area expected to have some contamination so valid comparisons
between the samples can be made (i.e., some constituents that will likely be greater than their
detection limit).

Soil DUPs will be collected and homogenized before dividing into two separate samples in the field.
Volatile organic analysis (VOA) soil DUPs will be sampled as collocated samples, as described. DUPs
will be stored and transported together and analyzed for the same constituents by the same laboratory.
DUPs will be used to determine precision for both sampling and laboratory measurements.

* Collocated samples are two samples collected as close as possible to the same time and location
which are not homogenized. This sampling protocol is used when homogenizing samples for split or
duplicate samples could impact the quality of data.

* DUPs must agree within 20 percent (for water samples) and 30 percent (for soil samples), as
measured by the relative percent difference (RPD), to be acceptable. Only those DUPs with at least
one result greater than five times the appropriate detection limit are evaluated. Large RPDs can be an
indication of potential laboratory performance problems, filed sampling problems, or sample
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heterogeneity and should be investigated. DUP results not satisfying evaluation criteria will be
qualified and flagged in HEIS, as appropriate.

A minimum of one soil field duplicate will be collected for each day of sampling. The duplicate should be
collected generally from an area that is expected to have some contamination, so that valid comparisons
between the samples can be made (i.e., at least some of the constituents will be above detection limit).
When sampling is performed from a split-spoon, volatile organic samples and volatile organic duplicate
samples are collected directly from the sampler. The remaining soil is then composited in a stainless steel
mixing bowl. The soil sample and duplicate sample are collected from this composited material.

Field Splits. Field split samples (SPLITs) are two samples collected as close as possible to the same time
and same location and are intended to be identical. Soil SPLITs for VOA will be sampled as collocated
samples, as described earlier. SPLITs will be stored in separate containers and analyzed by different
laboratories for the same or similar analytes. SPLITs are interlaboratory comparison samples used to
evaluate comparability between laboratories. Large RPDs can be an indication of potential laboratory
performance problems and should be investigated.

Full Trip Blanks. FTBs are prepared by the sampling team prior to traveling to the sampling site.
The preserved bottle set is either for VOA only or identical to the set that will be collected in the field.
It is filled with reagent water or silica sand, as appropriate, to the primary sample media. The bottles are
sealed and will be transported, unopened, to the field in the same storage containers used for samples
collected the same day. FTBs are typically analyzed for the same constituents as the samples from the
associated sampling event. FTBs are used to evaluate potential contamination of the samples attributable
to the sample bottles, preservative, handling, storage, and transportation.

Field Transfer Blanks. FXRs are preserved VOA sample vials filled at the sample collection site with
reagent water or silica sand (as appropriate to the primary sample media) that has been transported to the
field. The samples will be prepared during sampling to evaluate potential contamination attributable to
field conditions. After collection, FXR sample vials will be sealed and placed in the same storage
containers with the samples collected the same day for the associated sampling event. FXR samples will
be analyzed for VOCs only.

A minimum of one field blank will be collected at each borehole where the samples will undergo VOA.
FXR will consist of reagent water added to clean sample containers at the location where the VOC sample
was collected.

Equipment Blanks. Equipment blanks (EBs) consist of reagent water or silica sand (as appropriate to the
primary sample media) passed through or poured over the decontaminated sampling equipment identical
to the sample set that will be collected and placed in sample containers, as identified on the project
Sampling Authorization Form (SAF). EB sample bottles will be placed in the same storage containers
with the samples from the associated sampling event. EB samples will be analyzed for the same
constituents as the samples from the associated sampling event. EBs will be used to evaluate the
effectiveness of the decontamination process.

EBs are collected from reusable sampling devices on a 1 -in-20 basis and are not required for disposable
sampling equipment.

For the field blanks (i.e., FTBs, FXRs, and EBs), results greater than two times the method detection limit
(MDL) are identified as containing suspected contamination. However, for common laboratory
contaminants, such as acetone, methylene chloride, 2-butanone, toluene, and phthalate esters, the limit is
five times the MDL. For radiological analytical data, blank results are flagged if they are greater than two
times the total minimum detectable activity.
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A6.2.3.2 Laboratory QC Samples
The laboratory QC samples (e.g., method blanks, matrix spikes, and laboratory control samples) are
defined for the three-digit EPA methods (EPA-600/4-79-020, Methodsfor Chemical Analysis of Water
and Wastes) and for the four-digit EPA methods (SW-846, Test Methods for Evaluating Solid Waste:
Physical/Chemical Methods, Third Edition; Final Update IV-B), and will be run at the frequency
specified in the respective reference unless superseded by agreement. Laboratory QC requirements are
also specified in HASQARD (DOE/RL-96-68).

QC checks outside of control limits will be reflected in the narrative of the analytical report and during
the DQA, if performed.

For inorganic, metals, and radiochemical analyses, QC acceptance criteria for laboratory duplicate
samples, matrix spike samples, matrix spike duplicate samples, surrogate recoveries, and laboratory
control samples are given in HASQARD (DOE/RL-96-68). For organic analyses, QC acceptance criteria
are typically statistically derived from historical data at the laboratories in accordance with SW-846.

A6.2.4 Measurement Equipment
Each user of the measuring equipment is responsible to ensure that equipment is functioning as expected,
properly handled, and properly calibrated at required frequencies in accordance with methods governing
control of the measuring equipment. Onsite environmental instrument testing, inspection, calibration, and
maintenance will be recorded in accordance with approved methods. Field screening instruments will be used,
maintained, and calibrated in accordance with the manufacturer's specifications and other
approved methods.

A6.2.5 Instrument and Equipment Testing, Inspection, and Maintenance
Collection, measurement, and testing equipment should meet applicable standards (e.g., ASTM) or have
been evaluated as acceptable and valid in accordance with the methods, requirements, and specifications.
Software applications will be acceptance tested prior to use in the field.

Measurement and testing equipment used in the field or in the laboratory directly affecting the quality of
analytical data will be subject to preventive maintenance measures to ensure minimization of
measurement system downtime. Laboratories and onsite measurement organizations must maintain and
calibrate their equipment. Maintenance requirements (e.g., documentation of routine maintenance) will be
included in the individual laboratory and onsite organization's QA plan or operating protocols,
as appropriate. Maintenance of laboratory instruments will be performed in a manner consistent with
maintenance requirements specified in HASQARD (DOE/RL-96-68) and with applicable Hanford Site
requirements.

A6.2.6 Instrument/Equipment Calibration and Frequency
Specific field equipment calibration information is provided in Section A10.1 1 Analytical laboratory
instruments and measuring equipment are calibrated in accordance with the laboratory's QA plan and in
accordance with HASQARD (DOE/RL-96-68).

A6.2.7 Inspection/Acceptance of Supplies and Consumables
Consumables, supplies, and reagents will be reviewed in accordance with SW-846 requirements and will
be appropriate for their use. Supplies and consumables used in support of sampling and analysis activities
are procured in accordance with internal work requirements and processes. Responsibilities and interfaces
necessary to ensure that items procured or acquired for the contractor meet the specific technical and
quality requirements must be in place. The procurement system ensures that purchased items comply with
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applicable procurement specifications. Supplies and consumables are checked and accepted by users prior
to use.

A6.2.8 Nondirect Measurements
Nondirect measurements include data obtained from sources, such as computer databases, programs,
literature files, and historical databases. If evaluation includes use of such data, whenever possible, such
data will be technically reviewed to the same extent as the data generated as part of this effort. All data
used in evaluations will be identified by source.

Historical waste records and inventories of solid waste disposal that were used to focus characterization
efforts for the 200-SW-2 OU landfills is discussed in Appendix K of this work plan.

A6.2.9 Data Management
Environmental data will be managed to ensure that integrity and quality of the data are preserved.
Data processing activities will be controlled to ensure that the introduction of errors is minimized while
environmental data are being collected, transferred, stored, analyzed, and reviewed. The SMR
organization, in coordination with the 200-SW-2 OU Project Manager, is responsible for ensuring that
analytical data are appropriately reviewed, managed, and stored in accordance with the applicable
programmatic requirements governing data management methods. S&GRP data processing practices will
include some or all of the following controls to avoid errors during data handling and manipulation:

* Perform periodic checks/reviews to ensure that data are not lost or incorrectly transcribed when
transferred from one format to another.

* Minimize the number of data transfer steps and the number of personnel handling the data.

* Institute access control and accountability measures to protect hardcopy and electronic database files.

Electronic data access, when appropriate, will be through a Hanford Site database (e.g., HEIS) or a
project-specific database, whichever is applicable for the data being stored. Where electronic data are not
available, hard copies will be provided in accordance with Section 9.6 of the TPA Action Plan
(Ecology et al., 1989b).

Laboratory errors are reported to the SMR organization on a routine basis. For reported laboratory errors,
a sample issue resolution form will be initiated in accordance with applicable methods. This process is
used to document analytical errors and establish their resolution with the 200-SW-2 OU Project Manager.
The sample issue resolution forms become a permanent part of the analytical data package for future
reference and for records management.

Further details on documentation of field activities are provided in Section A10.9 and will be prepared,
reviewed, approved, and maintained according to prescribed processes.

A6.3 Assessment and Oversight

The elements in assessment and oversight address the activities for assessing the effectiveness of project
implementation and associated QA and QC activities. The purpose of assessment is to ensure that the
QAPjP is implemented as prescribed.

A6.3.1 Assessments and Response Actions
Random surveillances and assessments verify compliance with the requirements outlined in this SAP,
project field instructions, project quality management plan, methods, and regulatory requirements.
Assessments include, but are not limited to, surveillances, management systems reviews, readiness
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reviews, technical systems audits, performance evaluations, audits of data quality, and DQAs. Assessment
processes, roles, and responsibilities will be in accordance with existing QA program methods and as
directed jointly by the 200-SW-2 OU Project Manager and the QA POC. Deficiencies identified by these
assessments will be reported in accordance with existing programmatic requirements. The project's line
management chain coordinates the corrective actions/deficiencies resolutions in accordance with the QA
program, corrective action management program, and associated methods implementing these programs.
When appropriate, corrective actions will be taken by the 200-SW-2 OU Project Manager (or designee).

The 200-SW-2 OU Project Manager will determine whether a DQA will be performed for the activities
identified in this SAP. The DQA process, if performed, is discussed in Section A6.4.3. The results of the
DQA will be provided to the 200-SW-2 OU Project Manager. No other planned assessments have been
identified. If circumstances arise in the field dictating the need for additional assessment activities, then
additional assessments would be performed.

Oversight activities in the analytical laboratories, including corrective action management, are conducted
in accordance with the laboratories' QA plans. The contractor oversees offsite analytical laboratories and
verifies the laboratories are qualified for performing Hanford Site analytical work.

A6.3.2 Reports to Management
Management will be made aware of deficiencies identified by self-assessments, corrective actions from
ECOs, and findings from QA assessments and surveillances. Issues reported by the laboratories are
communicated to the SMR organization, which then initiates a sample issue resolution form. This process
is used to document analytical or sample issues and to establish resolution with the 200-SW-2 OU
Project Manager.

A6.4 Data Review and Usability

This section addresses the QA activities that occur after the data collection phase of the project is
completed. Implementation of these activities determines whether or not the data conform to the specified
criteria, thus satisfying the project objectives.

A6.4.1 Data Review and Verification
Data review and verification are performed to confirm that sampling and chain-of-custody documentation
are complete. This review will include linking sample numbers to specific sampling locations, reviewing
sample collection dates and sample preparation and analysis dates to assess whether holding times have
been met, and reviewing QC data to determine whether analysis have met the data quality requirements
specified in this SAP.

The criteria for verification include, but are not limited to, review for contractual compliance
(samples were analyzed as requested), use of the correct analytical method, transcription errors, correct
application of dilution factors, appropriate reporting of dry weight versus wet weight, and correct
application of conversion factors.

Errors identified by the laboratories are reported to the SMR organization's project coordinator, who
initiates a sample issue resolution form. This process is used to document analytical errors and establish
resolution with the 200-SW-2 OU Project Manager.

Relative to analytical data in sample media, physical data and/or field screening results are of lesser
importance in making inferences regarding risk. Physical data and field QA/QC results will be reviewed
to ensure that physical property data and/or field screening results are usable.
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A6.4.2 Data Validation
Data validation activities will be based on EPA functional guidelines. Data validation is typically
subcontracted to a party independent of the contractor. Data validation qualifiers must be compatible with
the HEIS database.

Data validation is an independent assessment to ensure that the reliability of data is known. Analytical data
validation provides a level of assurance that an analyte is present or absent. Validation might also include
verification of instrument calibrations, evaluation of analytical results based upon method blanks, recovery
of various internal standards, correctness of uncertainty calculations, correctness of identification and
quantification of analytes, and the effect of quality deficiencies on the reliability of the data. Data
validation will be in accordance with internal methods. The criteria for data validation are based on a
graded approach, using five levels of validation; Levels A through E. Level A is the lowest level and is
the same as verification. Level E is a 100 percent review of all data (e.g., calibration data and calculations
of representative samples from the data set). Data validation will be performed to Level C, which consists
of a review of the QC data and specifically requires verification of deliverables, requested versus reported
analytes, and qualification of the results based on evaluation of analytical holding times, method blank
results, matrix spike/matrix spike duplicate results, surrogate recoveries, and duplicate sample results.
Level C data validation will be performed on at least five percent of the data by matrix and analyte group.
Analyte group refers to categories, such as radionuclides, volatile chemicals, semivolatiles,
polychlorinated biphenyls, metals, and anions. The goal is to include each of the various analyte groups
and matrices during the data validation process.

A6.4.3 Reconciliation With User Requirements
The DQA process compares completed field sampling activities to those proposed in corresponding
sampling documents and provides an evaluation of the resulting data. The purpose of DQA is to
determine whether quantitative data are of the correct type and are of adequate quality and quantity to
meet the project DQOs. The results of the DQA will be used in interpreting the data and determining if
the objectives of this activity have been met.

Step 1. Review Data Quality Objectives and Sampling Design. This step requires a comprehensive
review of the sampling and analytical requirements outlined in the project-specific DQO summary report
and this SAP:

* List any deviations from the planned sampling design.

* Determine the potential effect of any deviations.

Step 2. Conduct a Preliminary Data Review. Identify, locate, and compile all information related to the
sampling and analysis data being assessed including sample summary sheets, logbooks, chain-of-custody
forms, field measurement data, laboratory analysis, field and laboratory QC samples and analysis results,
flagged data, laboratory standards results, data validation reports, and various discrepancy or data
reviewer reports. Perform basic statistical calculations (percentage of flagged data, percent of various QC
parameters not meeting acceptance criteria, and percent of nondetects).

Step 3. Conduct a Data Usability Assessment. Summarize the usability of the data set as a whole and
the quality of individual results as appropriate. Describe the usability in terms of the following DQIs:

Precision - Primarily from field duplicate data, but also from laboratory QC.

Accuracy/Bias - Discuss evidence of field contamination and laboratory QC.

Representativeness - Discuss the extent to which the sampling design was accomplished and the
representativeness of the samples and the design as a whole. Identify any specific measurements that are
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not representative of the target condition, explain why they are nonrepresentative, and discuss the impact
to the data set.

Comparability - If multiple laboratories were used, or if this data set is intended to be combined with
others, discuss the nature of differences which may limit the comparability.

Completeness - Discuss the accomplishment of all SAP-required data generating activities. This must
include a comparison of samples actually collected versus those identified in the original sampling design.
Comment on the impact to data set usability of any planned samples that were not taken. Although the
third-party data validation report typically includes a completeness metric that relates to the percent of
data that is not rejected, the third party data validation report generally relates only to the fraction of the
data set which was actually validated. Thus, it cannot be the only completeness evaluation of the data set
in total.

Sensitivity - Discuss any laboratory data which do not meet the SAP-required reporting limits, and also
compare the results to any applicable decision thresholds, such as maximum contaminant levels and
action levels.

For radiochemical determinations, discuss the magnitude of the total propagated uncertainty to the
reported activity value and to applicable decision thresholds. Discuss uses of data where total propagated
uncertainty calculations are warranted.

Describe the impacts of any deviations of the DQIs, as noted by data flags in terms of limitation of the use
of the data set, or individual analytical results for the specific question to be answered.

Step 4. Formulate Overall Conclusion as to Usability of Data Set. Based upon the usability
assessments in Step 3, develop an overall conclusion as to the usability of the entire data set for their
intended purpose.

The DQA will be performed in accordance with the EPA/240/B-06/002, Data Quality
Assessment: A Reviewer's Guide (EPA QA/G-9R), and EPA/240/B-06/003, Data Quality Assessment:
Statistical Methodsfor Practitioners (EPA QA/G-9S). The five steps identified for evaluating data
generated from this project are summarized as follows:

Step 1. Review Data Quality Objectives and Sampling Design. This step requires a comprehensive
review of the sampling and analytical requirements outlined in the project-specific DQO summary report
and this SAP.

As appropriate, complete the following actions:

* Verify that the hypothesis or estimate chosen is consistent with the project's objective and meets the
project's performance and acceptance criteria.

* Translate study objectives into statistical terms.

* List any deviations from the planned sampling design.

* Determine the potential effect of any deviations.

Step 2. Conduct a Preliminary Data Review. Compare the actual QA/QC achieved (e.g., precision,
accuracy, and completeness) and the requirements identified in this SAP. Document significant deviations
in the final DQA report. Calculate the basic statistics from the analytical data and include an evaluation of
the distribution of the data.
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As appropriate, make the following determinations:

* Central tendency of the data (e.g., mean, median, and mode)

* Relative standing of individual datum (e.g., percentiles and quantities)

* Dispersion of the data (e.g., range, variance, and standard deviation)

* Association, i.e. relationship between two or more variables, of the data (e.g., correlation coefficients)

If appropriate, this information can be determined and/or displayed graphically.

Step 3. Select the Data Analyses. Select the appropriate statistical hypothesis tests or graphical data
analyses and justify this selection.

As appropriate, make the following determinations:

* Null hypothesis

* Alternative hypothesis

* Statistic test (one sample t-test)
* Critical value (regulatory threshold)

* Conclusion

Step 4. Verify the Assumptions. Assess the validity of the data analyses (Step 3) by determining
whether the data support the underlying assumptions necessary for the data analyses or the data set must
be modified (e.g., transposed or augmented with additional data) before further analysis. This step is
necessary because the validity of the selected method depends on the validity of key assumptions
underlying the test.

As appropriate, make the following determinations:

* Assumptions required for data analyses test (e.g., independent data and approximate normal
distribution)

* Whether data meet the assumptions

Assumptions might be determined qualitatively by reviewing the sampling plan, qualitatively inspecting
the shape of a histogram, and quantitatively applying an appropriate test for distributions assumptions.
If it is determined that one or more of the assumptions is not met, then an alternate plan is needed
(selection of a different statistical method or collections of additional data).

Step 5. Draw Conclusions from the Data. Apply the statistical method selected in Step 3. Clearly
document any calculations used.

As appropriate, make the following determinations:

* If the data reject the null hypothesis

* If the data fail to reject the null hypothesis

* Confidence interval (qualitatively or quantitatively)

* Tolerance interval

A7 Field Sampling Plan

The FSP describes the field activities that will be used to collect data from field observations, surveys,
laboratory analysis of samples, and other measurements. This section contains detail on the field
placement and location of those data collection activities. Because a primary objective of this
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investigation is to fill specific gaps identified for individual waste sites, not all data collection techniques
will be necessary at each or every landfill, and the execution of the field program can be altered as new
information is obtained.

Tables and figures in this section propose site-specific sample locations wherever possible (see specific
landfill plates for proposed sampling locations). Some locations in the 200-SW-2 OU landfills may not be
accessible for sampling due to access restrictions (e.g., no-walk/no-drive zones) or conflicts with other
related field operations. The approach and rationale for the data collection and this FSP are identified in
Chapter 4 of this work plan. Applicable sampling and data collection techniques are identified in the
following sections of this FSP.

A7.1 Sampling Design

The 200-SW-2 OU sampling design describes the data collection design for the project, including types
and numbers of samples required, sampling locations and frequency, sample matrices, and the rationale
for the design. Detailed information regarding the sample design is listed in Table A-9 and includes the
following:

* Further investigation and sampling (active gas sampling) of areas showing elevated levels of soil gas
detected during past characterization activities.

* Active gas sampling may also be performed in areas where remotely stored waste (RSW)-transuranics
(TRU) has been retrieved.

* Data gap investigation using passive soil gas sampling of areas not previously investigated for soil
gas, with further active gas sampling pending the outcome of passive gas screening

* Data gap investigation using baseline geophysics at landfills not previously investigated with baseline
geophysical techniques

* Advanced geophysical investigation of landfills having conditions that may be favorable for the
formation of leachate and downward fluid flow through the vadose zone

* In the future if additional wells are installed as part of remedial activities at other OUs, geophysical
logging within the well casing, if not already performed, may be conducted

* Advanced remote geophysical assessment of caissons and existing wells

* Aerial radiation surveys to identify radiation hot spots

* Limited test pit excavations of landfills to provide calibration/control for the geophysical surveys and
provide additional information on waste contents

* Direct pushes into landfills (between trenches) to provide additional geophysical calibration/controls
with respect to vadose zone stratigraphy, features, and characteristics

* Direct pushes into trenches where RSW-TRU has been removed for assessment of the potential for
contaminant migration directly below buried solid waste

* Horizontal borings beneath trenches for further assessment of the potential for leachate development
and investigation of possible preferential pathways; samples will be collected from underneath the
center of each trench
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Additional sampling is anticipated following the ROD to collect confirmatory, design, and verification
samples at sites, as needed. Post-ROD sampling needs will be identified through a series of DQO
processes, as described in Chapter 5 of this work plan.

A8 Sample Location and Frequency

Table A-10 provides a list of existing nearby wells. Many of the figures presented later in this section
depict the positions of nearby wells. Table A-10 lists wells in the vicinity of the landfills that are currently
available for logging. Wells in the vicinity of the 200-SW-2 OU landfills are of interest because of the
following:

* Wells, as structures, can influence the vertical migration of contaminants within the vadose zone if
not properly sealed.

* Historical well characterization and monitoring data may offer insight to potential past migration of
contaminants from landfills.

Existing well structures and/or monitoring programs may represent cost effective opportunities to gather
data relevant to the RFI/CMS/RI/FS process.

A9 Review of Existing Data

Prior to and during field investigations, a comprehensive review of existing data will be performed.
The expectation is that further data review may reveal some additional information on landfill contents;
however, another primary goal of the existing data review is to catalog all relevant data by landfill.
The information review also should be used to refine the number and location of characterization
activities proposed herein. For example, subsidence information will be organized by landfill to provide a
summary of the potential for direct exposure to waste. Nearby well information will be reviewed to
provide information on vadose zone stratigraphy, the likelihood of fluid flow in the unsaturated zone, and
the frequency of potential preferential pathways in the general vicinity of each landfill. Recent and
historical radiological surveys will provide important health and safety information prior to fieldwork on
each landfill, and radiological surveys will provide data on the migration of radioisotopes due to
bioturbation (e.g., uptake by biota and subsequent surface deposition) at each landfill.

The cataloging of existing information will include the following activities:

* Review of relevant historical records, process knowledge, and anecdotal information

* Review of subsidence events, history, and pertinent data (including review of light detection and
ranging data)

* Review of existing well information, with potential geophysical logging of some wells

* Aerial radiological surveys

A10 Sampling Methods

The 200-SW-2 OU characterization approach employs both nonintrusive and intrusive methods.
The nonintrusive techniques consist of aerial radiation surveys, soil gas sampling (passive and active) and
several types of geophysical techniques, each of which is suited to particular investigation objectives.
Intrusive techniques consist of direct push and horizontal borings, which will include collection of soil
samples; and installation of test pits. Technology descriptions are included in Chapter 4 of this work plan.
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A10.1 Aerial Radiation Survey

The aerial radiation survey will be done on all of the landfills as part of a larger central plateau radiation
survey. The aerial radiation survey will be done to measure radiation emissions from the ground surface
in the area of the landfills and used to evaluate human health and ecological direct contact.
This radiological mapping may provide insight on potential near surface releases of radiation. The survey
will be done on a grid spacing of 30.5 m (100 ft) and will be conducted at an elevation of 15.2 m (50 ft)
above the ground surface using a fixed wing aircraft or helicopter.

A10.2 Geophysics

Two categories of geophysics, comprising several types of methods, will be used to characterize the
200-SW-2 OU landfills. Some shallow focused investigation methods have been used already on most of
the landfills to establish a geophysical baseline. The primary investigation target of these methods was the
landfill waste and trenches. These baseline methods were used to confirm trench locations and locate
anomalies (e.g., metal objects) that might be containers for liquids. This information was used to focus
earlier rounds of passive soil gas sampling.

In addition to filling data gaps for baseline geophysics, this SAP also will use advanced geophysical
methods to achieve other purposes. Multi-channel analysis of surface waves (MASW) combined with
downhole electrical methods (ERT) and surface-to-surface (STS) high-resolution electrical resistivity
surveys will target possible preferential flow pathways and moisture/leachate in the vadose zone.
These methods also may provide incidental additional information about the trenches and landfill waste.

After a review of existing information from nearby wells, geophysical borehole logging of relevant wells
may be warranted. In addition, caissons will be assessed using a geophysical tool developed at Idaho
National Laboratory (INL). The multi-detector caisson probe provides rapid, remote assessment of
caissons and has been used successfully at the Hanford Site.
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Table A-9. Sample Design for 200-SW-2 OU Landfills

Understanding
of Landfill
Contents

Previous
Characterization

Baseline
Geophysics

Passive
Soil
Gas

Proposed Characterization

Advanced Geophysics
Baseline

Geophysics MASW STS ERT
Horizontal

Boring (HB)
Direct Push

(DP)
Passive Soil

Gas Active Soil Gas

Multi
Detector

Probe
Radiation

Test Pit Survey

Characterization Reasoning

Identify
Landfill

Anomalies
(Metallic
Objects),
Trench

Boundaries

Identify Potential
Release Mechanisms

(i.e., Plumes) and
Transport Media,

Voids

Identify
Potential

Release and
Transport

Media; Past or
Current Vadose

Zone
Contamination;

Adjacent and
Below Landfills

Identify
Potential

Release and
Transport

Media;
Organic

Contamination

Identify
Potential

Release and
Transport

Media;
Organic

Contamination

Invest
Contents

of
Caissons

Confirm Landfill
Contents

Identify
Radiological

Hot Spots

PSQ Addressed
by Proposed

Characterization

218-C-9 Construction Good X X X X 2 - 1 NE and 1 5 (1/acre) - At passive SG Aerial 1,2
(216-C-9- SW corners, locations TBD, hits (> 1,000

pond) based on based on ng), if any
advanced baseline

geophysics geophysics

218-E-1 Dry Waste Moderate X X 5 - 2 north, 1 2 -1 random, Aerial 1,2,3
(UPR-200-E- south and 2 1 focused locations

53) center, based on
baseline

geophysics

218-E-2 Industrial Poor X X X X 1, NE to SW, 2 - between T10 4 (1/acre) - At passive SG 2 - 1 random, Aerial 1, 2,3
with E-2, E-2A, and T08, south of locations TBD, hits (> 1,000 1 focused locations

and E-9 T11 based on ng), if any (collocated with E-
baseline 2, E-2A, E-5, E-

geophysics 5A, E-9)

218-E-2A Industrial Poor X X X X X 1 - NE to SW 1 - south of T13 1 (1/acre) - At passive SG 2 - 1 random, Aerial 1, 2, 3
with E-2, E-2A, locations TBD, hits (> 1 focused locations

and E-9 based on 1,000 ng), if any (collocated with E-
baseline 2, E-2A, E-5, E-

geophysics 5A, E-9)

218-E-4 Construction Poor X X X X 4 - 1 southeast 4(1/acre) - At passive SG 2 - 1 random, Aerial 1,2,3
end, 1 west, 1 locations TBD, hits (> 1,000 1 focused locations

east side, 1 west based on ng), if any
end baseline

geophysics

218-E-5 Industrial Moderate X X X X X 1 - between 2 3 (1/acre) - At passive SG 2 - 1 random, Aerial 1, 2, 3
trenches locations TBD, hits (> 1,000 1 focused locations

based on ng), if any (collocated with E-
baseline 2, E-2A, E-5, E-

geophysics 5A, E-9)
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Table A-9. Sample Design for 200-SW-2 OU Landfills

Understanding
of Landfill
Contents

Previous
Characterization

Baseline
Geophysics

Passive
Soil
Gas

Proposed Characterization

Advanced Geophysics
Baseline

Geophysics MASW STS ERT
Horizontal

Boring (HB)
Direct Push

(DP)
Passive Soil

Gas

Multi
Detector

Active Soil Gas Probe
Radiation

Test Pit Survey

Characterization Reasoning

Identify
Landfill

Anomalies
(Metallic
Objects),
Trench

Boundaries

Identify Potential
Release Mechanisms

(i.e., Plumes) and
Transport Media,

Voids

Identify
Potential

Release and
Transport

Media; Past or
Current Vadose

Zone
Contamination;

Adjacent and
Below Landfills

Identify
Potential

Release and
Transport

Media;
Organic

Contamination

Identify
Potential

Release and
Transport

Media;
Organic

Contamination

Invest
Contents

of
Caissons

Confirm Landfill
Contents

Identify
Radiological

Hot Spots

218-E-5A Industrial Moderate X X X X X 1 - north end 1 (1/acre) - At passive SG 2 - 1 random, Aerial 1, 2, 3
locations TBD, hits (> 1,000 1 focused locations

based on ng), if any (collocated with E-
baseline 2, E-2A, E-5, E-

geophysics 5A, E-9)

218-E-8 Construction Poor X X 1 - north to south 2 - 1 east, 1 west 2 - 1 random, Aerial 1, 2, 3
1 focused locations

218-E-9 Industrial Poor X X X X X 1 - NE to SW 1 - between T07 2 (1/acre) - At passive SG 2 - 1 random, Aerial 1, 2, 3
with E-2, E-2A, and T08 locations TBD, hits (> 1,000 1 focused locations

and E-9 based on ng), if any (collocated with E-
baseline 2, E-2A, E-5, E-

geophysics 5A, E-9)

218-E-10, TSD Moderate X 2 @ 600 ft - 8 -4 in NW, SW, 57 (1/acre) - At passive SG Aerial 1,2
(UPR-200-E- lower half east to NE, and SE locations TBD, hits (> 1,000

23, UPR- SW corners, 1 west, based on ng), if any
200-E-24, 1 in Ncntrl, baseline

UPR-200-E- 1 Sntrl, 1 east geophysics
30) on SG and

geophysics

218-E-12A Dry Waste Moderate X X 2 @ 600 ft - 6 -4 in corners, 2 - 1 random, Aerial 1,2,3
middle of west to 2 in middle 1 focused locations

SE

218-E-12B TSD Good X X X X 3 @ 600 ft east 8 -4 in NE, NW, 182 (1/acre) - At passive SG Aerial 1,2
to west in middle SE, SW corners, locations TBD, hits (> 1,000

3 north half and based on ng), if any
between 2 baseline In locations of

halves, based on geophysics retrieved waste
baseline, and if sampling not

passive SG, rad performed by
survey M-091 project

A-42

Landfill
(Including
Collocated

Waste Sites)
Landfill

Type

Identify
Potential

Release and
Transport

Media; Past or
Current Vadose

Zone
Contamination,

Future
Monitoring,

Below Landfills

PSQ Addressed
by Proposed

Characterization



DOE/RL-2004-60, DRAFT B
MARCH 2015

Table A-9. Sample Design for 200-SW-2 OU Landfills

Understanding
of Landfill
Contents

Previous
Characterization

Baseline
Geophysics

Passive
Soil
Gas

Proposed Characterization

Advanced Geophysics
Baseline

Geophysics MASW STS ERT
Horizontal

Boring (HB)
Direct Push

(DP)
Passive Soil

Gas Active Soil Gas

Multi
Detector

Probe
Radiation

Test Pit Survey

Characterization Reasoning

Identify
Landfill

Anomalies
(Metallic
Objects),
Trench

Boundaries

Identify Potential
Release Mechanisms

(i.e., Plumes) and
Transport Media,

Voids

Identify
Potential

Release and
Transport

Media; Past or
Current Vadose

Zone
Contamination;

Adjacent and
Below Landfills

Identify
Potential

Release and
Transport

Media;
Organic

Contamination

Identify
Potential

Release and
Transport

Media;
Organic

Contamination

Invest
Contents

of
Caissons

Confirm Landfill
Contents

Identify
Radiological

Hot Spots

PSQ Addressed
by Proposed

Characterization

218-W-1 Dry Waste Moderate X X 1- near center 2 - 1 random, Aerial 1,2,3
(UPR-200- Alpha 1 focused locations

W-11, UPR-
200-W-16)

218-W-1A Industrial Moderate X X 4, - NE, NW, SE, Aerial 1, 2
(UPR-200- SW corners

W-26)

218-W-2 Dry Waste Poor X x 1 -@600 ft SW 6 -4 incorners, 2 2 - 1 random, Aerial 1,2,3
Alpha corner to NE in middle 1 focused locations

between trenches

218-W-2A Industrial Moderate X X X X X 1 @600 ft - 6 -3 west and 3 41 (1/acre) - At passive SG Aerial 1,2
(UPR-200- under ponds in east locations TBD, hits (> 1,000
W-53, 216- NE based on ng), if any
T-4A and baseline
216-T-4B geophysics

ponds, 216-
T-4-1 and
216-T-4-2
Ditches)

218-W-3 Dry Waste Moderate X X 1 @600 ft, mid- 3 -1 east side, At passive SG 2 - 1 random, Aerial 1,2,3
Alpha west to mid- off east end of hits (> 1,000 1 focused locations

north T16, 1 on south ng), if any
end in T03 east
half, (based on
geophysics, if

needed)

A-43

Landfill
(Including
Collocated

Waste Sites)
Landfill

Type

Identify
Potential

Release and
Transport

Media; Past or
Current Vadose

Zone
Contamination,

Future
Monitoring,

Below Landfills
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Table A-9. Sample Design for 200-SW-2 OU Landfills

Understanding
of Landfill
Contents

Previous
Characterization

Baseline
Geophysics

Passive
Soil
Gas

Proposed Characterization

Advanced Geophysics
Baseline

Geophysics MASW STS ERT
Horizontal

Boring (HB)
Direct Push

(DP)
Passive Soil

Gas Active Soil Gas

Multi
Detector

Probe
Radiation

Test Pit Survey

Characterization Reasoning

Identify
Landfill

Anomalies
(Metallic
Objects),
Trench

Boundaries

Identify Potential
Release Mechanisms

(i.e., Plumes) and
Transport Media,

Voids

Identify
Potential

Release and
Transport

Media; Past or
Current Vadose

Zone
Contamination;

Adjacent and
Below Landfills

Identify
Potential

Release and
Transport

Media;
Organic

Contamination

Identify
Potential

Release and
Transport

Media;
Organic

Contamination

Invest
Contents

of
Caissons

Confirm Landfill
Contents

Identify
Radiological

Hot Spots

218-W-3A TSD -Dry Good X X X X X 2 @600 ft -1 9 - 6 down 54 (1/acre) At passive SG Aerial 1,2
(UPR-200- Waste north, 1 south center, 1 west locations TBD, hits (> 1,000

W-84) side, 2 east, based on ng), if any
based on active baseline In locations of
SG, geophysics, geophysics, do retrieved waste

rad survey not duplicate if sampling not
previous performed by
locations M-091 project

218-W-3AE TSD Good X X X X X 1 @ 600 ft -near 5 -2 north, 2 57 (1/acre) At passive SG Aerial 1,2
(216-T-4A GI middle, 1 south locations TBD, hits (> 1,000
and 216-T- based on ng), if any
4B ponds, baseline
216-T-4-1 geophysics, do

and 216-T-4- not duplicate
2 Ditches) previous

locations

218-W-4A Dry Waste Good X X X X X 2 @ 600 ft from 7 - 4 in corners, 2 X 2 - 1 random, Aerial 1,2,3
(UPR-200- Alpha mid west to N in middle, 1 on 1 focused locations

W-72) and S east side

218-W-4B TSD Good X X X X X 1 @ 600 ft NW 3 - near RSW, 1 10 (1/acre) At passive SG X Aerial 1, 2, 3
corner to SE east, 1 west, 1 locations TBD, hits (> 1000 ng),

south based on if any
baseline In locations of

geophysics, do retrieved waste
not duplicate if sampling not

previous performed by
locations M-091 project

A-44

Landfill
(Including
Collocated

Waste Sites)
Landfill

Type

Identify
Potential

Release and
Transport

Media; Past or
Current Vadose

Zone
Contamination,

Future
Monitoring,

Below Landfills

PSQ Addressed
by Proposed

Characterization
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Table A-9. Sample Design for 200-SW-2 OU Landfills

Understanding
of Landfill
Contents

Previous
Characterization

Baseline
Geophysics

Passive
Soil
Gas

Proposed Characterization

Advanced Geophysics
Baseline

Geophysics MASW STS ERT
Horizontal

Boring (HB)
Direct Push

(DP)
Passive Soil

Gas Active Soil Gas

Multi
Detector

Probe
Radiation

Test Pit Survey

Characterization Reasoning

Identify
Landfill

Anomalies
(Metallic
Objects),
Trench

Boundaries

Identify Potential
Release Mechanisms

(i.e., Plumes) and
Transport Media,

Voids

Identify
Potential

Release and
Transport

Media; Past or
Current Vadose

Zone
Contamination;

Adjacent and
Below Landfills

Identify
Potential

Release and
Transport

Media;
Organic

Contamination

Identify
Potential

Release and
Transport

Media;
Organic

Contamination

Invest
Contents

of
Caissons

Confirm Landfill
Contents

Identify
Radiological

Hot Spots

PSQ Addressed
by Proposed

Characterization

218-W-4C TSD Good X X X X X 6 -2 north, 2 56 (1/acre) At passive SG Aerial 1, 2
(UPR-200- middle, 2 south locations TBD, hits (> 1,000

W-37, Z based on ng), if any
Plant Burn baseline In locations of

Pit) geophysics, do retrieved waste
not duplicate if sampling not

previous performed by
locations M-091 project

218-W-5 TSD Good X X 7 - 4 in corners At passive SG 2 - 1 random, Aerial 1,2,3
and 3 middle hits (> 1,000 1 focused locations

away from Green ng), if any
Islands

218-W-11 Industrial Poor X X 1- north of 2 -1 random, Aerial 1,2,3
northern trench 1 focused locations
near passive SG

hits

1. What data are required to support evaluation of risk, pathways, and development of remedial action alternatives?

2. Was enough data collected to support the RFI/CMS/RI/FS and selection of remedial action alternatives?

3. Was enough data collected to evaluate whether buried waste presents a long-term effect on human health and the environment?

A-45

Landfill
(Including
Collocated

Waste Sites)
Landfill

Type

Identify
Potential

Release and
Transport

Media; Past or
Current Vadose

Zone
Contamination,

Future
Monitoring,

Below Landfills
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Table A-10. Monitoring Wells in the Vicinity of the 200-SW-2 Operable Unit Landfills

Drill Depth Location Location
Well Name Well ID Well Purpose Status Date Last Sampled Drill Date (ft) (Easting) (Northing)

218-C-9

B2484 B2784 Unclassified Available for Sampling Unknown 30-Apr-96 99 574393.29 136495.59

B2485 B2785 Unclassified Available for Sampling Unknown 30-Apr-96 99 574431.04 136501.93

B2486 B2786 Unclassified Available for Sampling Unknown 30-Apr-96 102 574393.49 136504.88

B2487 B2787 Unclassified Available for Sampling Unknown 30-Apr-96 104 574430.17 136492.92

218-E-1

None N/A

218-E-2

None N/A

218-E-2A

None N/A

218-E-4

None N/A

218-E-5

None N/A

218-E-5A

None N/A

218-E-8

None N/A

218-E-9

None N/A

0
0
m

N)

)

0

N)

C1



Table A-10. Monitoring Wells in the Vicinity of the 200-SW-2 Operable Unit Landfills

Drill Depth Location Location
Well Name Well ID Well Purpose Status Date Last Sampled Drill Date (ft) (Easting) (Northing)

218-E-10

299-E28-26 A4822 Groundwater Available for Sampling 21-Jul-14 6-Nov-87 329 572941.55 137024.02

299-E28-27 A4823 Groundwater Available for Sampling 8-Jul-14 29-Sep-87 302 573226.78 137070.06

299-E28-28 A4824 Groundwater Available for Sampling 21-Jul-14 17-Apr-90 296 572804.35 137108.26

299-E32-2 A4830 Groundwater Available for Sampling 8-Jul-14 30-Sep-87 289 572648.02 137467.51

299-E32-3 A4831 Groundwater Available for Sampling 8-Jul-14 30-Sep-87 304 572600.61 137384.00

299-E32-4 A4832 Groundwater Available for Sampling 8-Jul-14 30-Sep-87 311 572603.74 137187.22

299-E32-5 A4833 Groundwater Available for Sampling 8-Jul-14 9-Nov-89 294 572599.70 137285.13

299-E32-6 A4834 Groundwater Available for Sampling 14-Jul-14 1-Aug-91 279 572600.40 137515.10

299-E32-7 A4835 Groundwater Available for Sampling 14-Jul-14 26-Jul-91 274 572600.38 137647.05

299-E32-8 A4836 Groundwater Available for Sampling 17-Jul-14 10-Jun-91 257 572663.39 137741.47

299-E32-9 A4837 Groundwater Available for Sampling 14-Jul-14 12-Jul-91 255 572795.11 137741.69

299-E32-10 A5432 Groundwater Available for Sampling 14-Jul-14 15-Apr-92 246 572951.13 137741.69

299-E33-10 A6853 Groundwater Available for Sampling 12-May-03 30-Apr-55 290 573255.50 137258.19

299-E33-28 A4852 Groundwater Available for Sampling 28-Jul-14 15-Oct-87 278 573226.37 137375.02

299-E33-29 A4853 Groundwater Available for Sampling 9-Jul-14 30-Sep-87 291 573227.86 137231.19

299-E33-30 A4855 Groundwater Available for Sampling 9-Jul-14 30-Sep-87 280 572923.80 137467.78

299-E33-34 A4859 Groundwater Available for Sampling 28-Jul-14 23-Apr-90 240 573104.46 137740.43

299-E33-35 A4860 Groundwater Available for Sampling 9-Jul-14 17-Apr-90 250 573220.80 137605.10

218-E-12A

299-E27-15 A4813 Groundwater Available for Sampling 11-Sep-14 3-Oct-89 263 575095.26 136630.36

299-E27-109 A6734 Vadose Available for Sampling Unknown 30-Apr-75 100 575124.87 136612.06

299-E27-124 A6744 Vadose Available for Sampling Unknown 31-Mar-77 60 575108.30 136635.10

0
0m

N)

C)



Table A-10. Monitoring Wells in the Vicinity of the 200-SW-2 Operable Unit Landfills

Drill Depth Location Location
Well Name Well ID Well Purpose Status Date Last Sampled Drill Date (ft) (Easting) (Northing)

218-E-12B

299-E27-8 A4817 Groundwater Available for Sampling 20-Oct-14 30-Sep-87 257 574759.08 137044.18

299-E27-9 A4818 Groundwater Available for Sampling 20-Oct-14 31-Aug-87 245 574917.65 137040.90

299-E27-10 A4808 Groundwater Available for Sampling 4-Apr-14 19-Aug-87 240 575100.30 137052.48

299-E27-11 A4809 Groundwater Available for Sampling 20-Oct-14 18-Oct-89 265 574652.93 137062.74

299-E27-17 A4815 Groundwater Available for Sampling 20-Oct-14 11-Nov-91 246 574547.31 137122.01

299-E34-2 A4877 Groundwater Available for Sampling 22-Oct-14 30-Sep-87 242 574634.81 137220.69

299-E34-5 A4880 Groundwater Available for Sampling 22-Oct-14 15-Aug-87 192 574643.81 137743.33

299-E34-7 A4882 Groundwater Available for Sampling 11-Aug-05 17-Oct-89 206 575274.18 137357.75

299-E34-8 A4883 Groundwater Available for Sampling 3-Oct-14 20-Apr-90 260 574206.44 137249.62

299-E34-9 A4884 Groundwater Available for Sampling 22-Oct-14 5-Nov-91 235 574186.02 137429.82

299-E34-10 A4875 Groundwater Available for Sampling 22-Oct-14 29-Oct-91 249 574284.40 137224.57

299-E34-12 A5433 Groundwater Available for Sampling 22-Oct-14 15-Apr-92 248 574411.00 137168.54

299-E35-51 A7130 Vadose Available for Sampling Unknown N/A #N/A 575088.70 137069.30

218-W-1

None N/A

218-W-1A

299-W6-3 A4998 Groundwater Available for Sampling 30-Dec-13 15-Oct-91 441 567118.18 137299.13

299-W6-4 A4999 Groundwater Available for Sampling 24-Feb-00 26-Nov-91 258 567132.25 137290.49

299-W6-9 A5434 Groundwater Available for Sampling 22-Oct-14 22-Feb-92 253 567031.61 137363.12

299-W11-18 A7284 Groundwater Available for Sampling 3-Oct-13 1-Mar-67 300 567181.92 137161.48

299-W11-31 A5472 Groundwater Available for Sampling 10-Jun-14 25-Feb-92 267 567221.58 137235.28

CO
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Table A-10. Monitoring Wells in the Vicinity of the 200-SW-2 Operable Unit Landfills

Drill Depth Location Location
Well Name Well ID Well Purpose Status Date Last Sampled Drill Date (ft) (Easting) (Northing)

218-W-2

299-W15-49 C4301 Groundwater Available for Sampling 3-Oct-13 1-Nov-04 #N/A 566307.20 135972.91

218-W-2A

299-W10-19 A5438 Groundwater Available for Sampling 6-Sep-05 24-Jul-92 238 566346.19 137037.14

299-W10-20 A5439 Groundwater Available for Sampling 16-Mar-06 18-Nov-93 251 566249.70 136866.61

299-W10-21 A5440 Groundwater Available for Sampling 19-Sep-05 27-Aug-93 232 566583.99 137154.72

299-W10-31 C5194 Groundwater Available for Sampling 5-Sep-14 20-Apr-06 279 566266.44 136968.34

299-W10-179 A7258 Vadose Available for Sampling Unknown 31-Aug-78 23 566242.79 136999.12

218-W-3

299-W10-20 A5439 Groundwater Available for Sampling 16-Mar-06 18-Nov-93 251 566249.70 136866.61

299-W10-29 C4988 Groundwater Available for Sampling 5-Sep-14 1-Mar-06 287 566082.98 136828.74

299-W10-30 C4989 Groundwater Available for Sampling 5-Sep-14 14-Mar-06 283 566082.78 136739.33

218-W-3A

299-W7-2 A5008 Groundwater Available for Sampling 19-Nov-97 30-Sep-87 236 566302.80 137638.50

299-W7-3 A5009 Groundwater Available for Sampling 6-May-14 23-Nov-87 477 566292.03 137638.64

299-W7-4 A5010 Groundwater Available for Sampling 16-May-11 19-Nov-87 235 566408.77 137308.24

299-W7-11 A5006 Groundwater Available for Sampling 18-Apr-00 24-May-91 235 566186.20 137636.00

299-W7-12 A5007 Groundwater Available for Sampling 18-Apr-00 28-May-91 245 566040.80 137636.30

299-W10-19 A5438 Groundwater Available for Sampling 6-Sep-05 24-Jul-92 238 566346.19 137037.14

299-W10-20 A5439 Groundwater Available for Sampling 16-Mar-06 18-Nov-93 251 566249.70 136866.61

299-W10-29 C4988 Groundwater Available for Sampling 5-Sep-14 1-Mar-06 287 566082.98 136828.74

299-W10-31 C5194 Groundwater Available for Sampling 5-Sep-14 20-Apr-06 279 566266.44 136968.34

01
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Table A-10. Monitoring Wells in the Vicinity of the 200-SW-2 Operable Unit Landfills

Drill Depth Location Location
Well Name Well ID Well Purpose Status Date Last Sampled Drill Date (ft) (Easting) (Northing)

299-W10-179 A7258 Vadose Available for Sampling Unknown 31-Aug-78 23 566242.79 136999.12

218-W-3AE

299-W7-4 A5010 Groundwater Available for Sampling 16-May-11 19-Nov-87 235 566408.77 137308.24

299-W7-5 A5011 Groundwater Available for Sampling 17-Mar-05 19-Nov-87 229 566476.03 137635.69

299-W7-6 A5012 Groundwater Available for Sampling 17-Mar-05 2-Nov-87 243 566658.08 137636.31

299-W7-7 A5013 Groundwater Available for Sampling 9-Sep-03 27-Nov-89 231 566566.75 137636.08

299-W7-8 A5014 Groundwater Available for Sampling 13-Mar-02 13-Dec-89 241 566761.39 137636.67

299-W7-10 A5005 Groundwater Available for Sampling 18-Apr-00 17-Apr-90 244 566858.21 137457.53

299-W10-21 A5440 Groundwater Available for Sampling 19-Sep-05 27-Aug-93 232 566583.99 137154.72

218-W-4A

299-W15-2 A5466 Groundwater Available for Sampling 16-Nov-09 12-Aug-54 261 566093.76 136336.24

218-W-4B

299-W15-15 A4919 Groundwater Available for Sampling 11-Jul-07 2-Sep-87 255 566088.81 135751.49

299-W15-30 B2410 Groundwater Available for Sampling 9-Jul-14 5-May-95 268 566304.62 135748.94

299-W15-49 C4301 Groundwater Available for Sampling 3-Oct-13 1-Nov-04 435 566307.20 135972.91

299-W15-83 C4683 Groundwater Available for Sampling 9-Jul-14 9-Aug-05 278 566304.52 135826.24

299-W15-207 A7505 Vadose Available for Sampling Unknown 31-Aug-78 27 566200.58 135874.55

299-W15-224 C4986 Groundwater Available for Sampling 9-Jul-14 8-Feb-06 274 566307.89 135926.08

218-W-4C

244-W15-1 C4056 Soil Tube Available for Sampling 4-Aug-14 4-Nov-02 35 566252.66 135662.53

244-W15-2 C4057 Soil Tube Available for Sampling 4-Aug-14 4-Nov-02 10 566252.20 135662.53

244-W15-3 C4058 Soil Tube Available for Sampling 4-Aug-14 4-Nov-02 32 566305.25 135674.35
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Table A-10. Monitoring Wells in the Vicinity of the 200-SW-2 Operable Unit Landfills

Drill Depth Location Location
Well Name Well ID Well Purpose Status Date Last Sampled Drill Date (ft) (Easting) (Northing)

299-W15-14 A7350 Groundwater Available for Sampling 13-Apr-11 15-Dec-76 581 566093.44 135648.27

299-W15-15 A4919 Groundwater Available for Sampling 11-Jul-07 2-Sep-87 255 566088.81 135751.49

299-W15-16 A4920 Groundwater Available for Sampling 29-Sep-05 10-Sep-87 244 566307.01 135733.63

299-W15-17 A4921 Groundwater Available for Sampling 31-Jul-14 28-Oct-87 450 566306.89 135718.96

299-W15-30 B2410 Groundwater Available for Sampling 9-Jul-14 5-May-95 268 566304.62 135748.94

299-W15-94 C4684 Groundwater Available for Sampling 9-Jul-14 19-Sep-05 278 566307.58 135640.34

299-W15-152 C4685 Groundwater Available for Sampling 22-Jul-14 15-Sep-05 358 566309.40 135550.00

299-W18-3 A5469 Groundwater Available for Sampling 10-Jun-14 15-Jan-59 450 566212.10 135529.50

299-W18-21 A4933 Groundwater Available for Sampling 31-Jul-14 29-Jul-87 227 566097.70 134978.69

299-W18-22 A4934 Groundwater Available for Sampling 22-Jul-14 25-Sep-87 455 566088.63 134990.16

299-W18-23 A4935 Groundwater Available for Sampling 14-May-08 1-Jul-87 255 566084.53 135342.44

299-W18-24 A4936 Groundwater Available for Sampling 14-May-08 10-Aug-87 240 566370.84 135346.32

299-W18-27 A4939 Groundwater Available for Sampling 15-Jan-03 7-May-91 239 566090.19 135226.54

299-W18-28 A4940 Groundwater Available for Sampling 14-Jul-98 9-May-91 230 566092.57 135106.79

299-W18-32 A5441 Groundwater Available for Sampling 20-Jan-99 29-Jul-92 225 566515.58 134975.64

299-W18-157 A7640 Soil Tube Available for Sampling 30-Aug-06 31-Aug-76 110 566357.81 135368.18

299-W18-247 A7727 Soil Tube Available for Sampling 14-May-14 6-May-92 227 566503.14 135231.66

CPT-10 C3569 Soil Tube Available for Sampling 19-Dec-06 N/A 107 566354.00 135334.00

CPT-34 C3591 Soil Tube Available for Sampling 26-Sep-06 14-May-96 86 566375.56 135288.03

218-W-5

299-W7-1 A5004 Groundwater Available for Sampling 9-Sep-03 30-Jul-87 245 565932.05 137647.13

299-W7-9 A5015 Groundwater Available for Sampling 13-Mar-02 11-Apr-90 252 565844.44 137646.40

299-W7-12 A5007 Groundwater Available for Sampling 18-Apr-00 28-May-91 245 566040.80 137636.30
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Table A-10. Monitoring Wells in the Vicinity of the 200-SW-2 Operable Unit Landfills

Drill Depth Location Location
Well Name Well ID Well Purpose Status Date Last Sampled Drill Date (ft) (Easting) (Northing)

299-W8-1 A5016 Groundwater Available for Sampling 22-Jul-14 23-Jul-87 271 565749.42 137646.64

299-W9-1 A5017 Groundwater Available for Sampling 4-Apr-00 22-Oct-87 295 565657.66 137023.77

299-W10-13 A4890 Groundwater Available for Sampling 12-Mar-02 25-Sep-87 250 566027.41 136606.81

299-W10-14 A4891 Groundwater Available for Sampling 15-Oct-13 18-Nov-87 462 566017.19 136608.90

299-W10-29 C4988 Groundwater Available for Sampling 5-Sep-14 1-Mar-06 287 566082.98 136828.74

299-W10-30 C4989 Groundwater Available for Sampling 5-Sep-14 14-Mar-06 283 566082.78 136739.33

218-W-11

299-W15-2 A5466 Groundwater Available for Sampling 16-Nov-09 12-Aug-54 261 566093.76 136336.24

N/A not available
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1 Baseline Geophysics. The geophysical techniques used to establish a geophysical baseline in previous
2 investigations at the 200-SW-2 OU landfills were primarily GPR, EMI, and TMF methods. Some time
3 domain electromagnetic data also were collected. These methods were selected because they are cost
4 effective and nonintrusive and have been successful in similar waste characterization projects conducted
5 at the Hanford Site. These methods have been aimed at defining the following characteristics:

6 e Locations of landfill trench edges, ends, and centerlines

7 e Locations of buried waste or other significant features/anomalies

8 e Presence and extent of voids within a given trench

9 e Depth of soil cover above waste items

10 e Depth to trench bottom (where possible)

11 The depth of investigation has been limited to approximately 3 to 4 m (10 to 12 ft). Brief descriptions of
12 the baseline geophysical methods are found in Chapter 4 of this work plan.

13 Advanced Geophysics. The advanced geophysical methods include MASW seismic, STS electrical
14 resistivity, and ERT. The primary investigation target for these methods is not the landfill waste but
15 characteristics of the vadose zone. MASW can provide information on the stratigraphy of the vadose zone
16 and the location of possible preferential pathways. STS resistivity may be able to locate areas of former or
17 current leachate formation or transport. ERT can be used in series with MASW to monitor suspected
18 preferential pathways. Because ERT electrodes are installed in direct push boreholes and are left in place,
19 ERT can provide time series geophysics and the ability to observe the presence and behavior of
20 wetting fronts.

21 The investigation strategy for the advanced geophysical methods is to employ MASW first, using it to
22 choose targets for investigation via STS resistivity and ERT. The design of the precise STS and ERT
23 configurations will depend upon the targets chosen, so the STS and ERT field plan needs to be designed
24 in detail only after input from the interpretation of MASW data. Additional planning and data review are
25 needed to ensure that MASW is deployed in the precise location where ponding or episodic precipitation
26 water has occurred.

27 A typical data acquisition configuration for MASW would involve an "end-on/roll along" recording
28 configuration. For example, the shot point (e.g., using a sledge hammer or weight drop) would be
29 positioned 1.5 m (5 ft) off one end of a geophone line (e.g., landstreamers) having geophones spaced
30 1.5 m (5 ft) apart. Typically, 48 geophones will record during one shot. After recording is completed at
31 one shot point, the shot point advances 3 m (10 ft) along the geophone line, and a constant offset of 1.5 m
32 (5 ft) is maintained between the shot point and the first active (recording) geophone. Data collection "rolls
33 along" as the shot points advance by 3 m (10 ft) each time, and the first 48 geophones in front of the
34 shot point collect the seismic (MASW) data.

35 The seismic waves generated from each shot point are recorded over an 8 second period (or less) using a
36 sampling rate of 0.5 msec. Longer recording times provide an opportunity for recording both active and
37 passive source MASW.

38 MASW data are processed using the computer program SurfSeis developed by the Kansas Geological
39 Survey. The SEG-2 format field records are input into the program to perform a specialized sequence of
40 processing to prepare dispersion curves showing Rayleigh wave (surface waves) phase velocity versus
41 frequency for each 48 channel field record. These curves are then used to calculate one-dimensional
42 models of shear-wave velocity layering for the center of each 48 channel geophone array. The resulting
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1 one-dimensional models are generated at 3 m (10 ft) intervals and then gridded and color contoured to
2 prepare the two-dimensional or three-dimensional shear-wave velocity profiles.

3 The MASW shear-wave velocity profiles are then used to interpret the lithologic and permeability
4 conditions of the alluvium and bedrock channels. Correlation with nearby wells or direct push data is
5 useful for providing integrated controls on geologic interpretations.

6 The STS resistivity method can employ many different electrode configurations (e.g., pole-pole,
7 dipole-dipole, Wenner, Schlumberger, and monopole), but they all rely upon electric current being passed
8 into the earth through one pair of transmitting electrodes and voltage measurements being made at a pair
9 of receiving electrodes. A progression of measurements is made along transects, resulting in measurements

10 of current, voltage, and distance and allowing for the calculation of apparent resistivity in ohmmeters.
11 Following acquisition, data are pre-processed to identify poor quality readings. Data quality is further
12 assessed by contouring an apparent resistivity pseudo-section, showing values of ohmmeters at linear
13 depth intervals associated with the separation distance between transmitting and receiving electrodes.
14 This apparent resistivity data are then processed through a nonlinear inverse model to obtain estimates of
15 the true electrical resistivity of the subsurface that gave rise to the voltage measurements in the original
16 data file.

17 ERT works on the same principles of STS resistivity surveys, except that readings of voltage and current
18 are made in separate boreholes. The spacing of the electrodes in the borehole and the separation between
19 the boreholes affects data quality and resolution.

20 Other Specialty Geophysical Methods That May Be Used. Other geophysical methods, such as the INL
21 multi-detector probe, borehole geophysical logging, and time domain reflectometry (TDR) are described
22 in Chapter 4 of this work plan and have specific uses. However, their specific plan of deployment cannot
23 be identified presently. Like the advanced geophysical data techniques, the deployment of those
24 geophysical instruments can only be generally described. Further planning and review of data will be
25 needed to specify the exact circumstances of use.

26 The INL multi-detector probe will be deployed to investigate one or more caissons in the 218-W-4A and
27 218-W-4B Landfills. The deployment plan and selection of caissons will require further development and
28 discussion with the subject matter experts from INL after considering existing caisson information along
29 with radiological health and safety information. This probe can be deployed along with remote video to
30 evaluate the contents of the caissons.

31 Borehole geophysical logging will be planned and conducted after reviewing existing information on
32 nearby wells (Table A-10) and determining whether additional information is required. Chapter 4
33 describes the geophysical logging techniques. In brief, passive gamma logs indicate the presence of
34 gamma-emitting materials, and radionuclides can be identified from characteristic gamma energies.
35 The passive neutron logging system uses a helium-3 detector to count epithermal neutrons originating in
36 the surrounding media. Any detectable neutron activity can be attributed to the products of alpha
37 interactions and/or spontaneous fission and is, thus, at least a qualitative indicator of transuranium. Active
38 neutron logs are sensitive to the presence of moisture. In combination, these logs can show the location of
39 radioactive substances and water, indicating the possible presence of leachate. If performed, geophysical
40 logging data will be collected in HEIS; a summary report also will be prepared by the logging contractor
41 to document the logging activity and results. The logging summary reports will be documented in the
42 field summary report so they can be referenced in the RI report and other documents, as necessary.
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1 TDRs will be deployed within the direct push boreholes planned for the 200-SW-2 OU landfills. Both the
2 direct push boreholes and directional boreholes are described in Section Al0. Where TDR deployment is
3 technically feasible, it is useful in detecting the advance of wetting fronts in the vadose zone.

4 Survey Grid Parameters for Geophysics. Civil survey coordinates shown on the site drawings will be used
5 to develop base grids for the geophysical transects at each site. Base grids will be created on centers of a
6 chosen distance throughout the individual sites. The coordinates of the nodes will be supplied to the
7 DOE-RL supporting contractor(s) civil survey personnel, who will use GPS instrumentation to stake the
8 grids in the field. Personnel then will mark data collection lines at set intervals between the nodes.
9 Coordinates will be recorded in NAVD88, North American Vertical Datum of 1988, and NAD83, North

10 American Datum of 1983, Washington State Plane (WSP) South Zone, with the 1991 adjustment for
11 directional coordinates. All survey data will be recorded in meters and feet.

12 The geophysical data plots will be presented in local grid coordinates. The local grids generally are
13 established by assigning, to the southwestern-most grid node, the arbitrary location of North 100,
14 East 100 (N100/E100). Positions then can be measured from this position. In some instances, the grids
15 may be expanded after establishment and, therefore, may have coordinates less than N 100/E100.
16 The interpretation drawings for each site will show WSP coordinates (in meters) for selected grid nodes,
17 allowing a tie between them and the local grid coordinates.

18 A10.3 Soil Vapor Samples

19 Both passive and active soil gas data are needed. Passive soil gas data are needed to fill data gaps, and
20 active data are needed to provide concentration information for the risk assessment.

21 Passive Soil Vapor Samples. Passive soil vapor sampling will be collected to fill data gaps for those
22 landfills that have not previously been sampled. Results will be used to provide a qualitative indication of
23 mobile contaminants in the landfills and determine the general location of waste packages that may
24 contain liquid organics that have breached their containment.

25 BESURE Sample Collection Kits , or an equivalent system, will be used. These passive soil vapor
26 sampling systems are designed for use in shallow deployments to identify and quantify a broad range of
27 VOCs and SVOCs including halogenated compounds, petroleum hydrocarbons, polynuclear aromatic
28 hydrocarbons, and other compounds.

29 A passive soil vapor sampler consists of a glass vial containing hydrophobic adsorbent cartridges with a
30 length of wire or string attached to the vial for retrieval. The sampler is placed in a shallow, vertical hole
31 in the soil. The sampler is covered with soil, and the location of the sampler is recorded. At the end of the
32 exposure period, the samplers are withdrawn and sent to the appropriate laboratory for analysis.

33 If a release is found during field investigations, Ecology will be notified as soon as possible after the
34 release is confirmed. As part of the notification, RL will present options for conducting additional site
35 investigations to determine the nature and extent of the release, if warranted. Where possible, the
36 additional site investigations will be the same as the ones described in this work plan but may include
37 different locations.

TM BeSure Sample Collection Kits are trademark products of Beacon Environmental Services, Inc., Forest Hill,
Maryland.
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1 If VOCs are detected during passive soil gas monitoring, the following procedure will be followed.

2 e Additional passive soil gas samples will be collected at 15.2 m (50 ft) offsets to the north, south, east,
3 and west of the initial detection.

4 e If the mass of VOC detected increases at any of the new locations described in Step 1, additional soil
5 gas monitoring will be performed at 15.2 m (50 ft) offsets to the north, south, east, and west of the
6 higher detection location with the exception of not collecting a sample from the direction of the
7 original offset. The offset will be extended, as required, to the edge of the trench.

8 e Step 2 will be repeated until the approximate location of the largest VOC mass is determined. If the
9 mass of VOC is less than 1,000 ng, no additional passive soil gas samples will be done in that

10 direction.

11 Active Soil Vapor Sampling. Active soil vapor sampling will be collected to obtain concentration data for
12 use in risk assessments for those landfills that have had previous detections from passive soil gas
13 sampling events. Field soil gas instruments (i.e., Miran SapphiRe and Briel & Kjor) may be used in
14 conjunction with active soil gas samplers. Active soil gas samples will be collected in SUMMA canisters.
15 A SUMMA canister is a highly polished, stainless steel canister that prevents permeation of VOCs
16 through the vessel wall and the degradation of constituents by exposure to sunlight during shipment to the
17 laboratory. The recommended size for sample collection at the 200-SW-2 OU landfills is a 6 L (1.6 gal)
18 canister.

19 Sample collection with SUMMA canisters occurs by placing a soil gas probe into the subsurface, while
20 the canister rests on the surface. Typically, collection probes are placed several feet deep into the
21 subsurface with the aid of a drill or direct push rig, and equilibration is needed before sample collection.
22 For a direct push rig, equilibration times are relatively brief, approximately 30 minutes; but for rotary or
23 other drill methods that create more of a disturbance, equilibration times of up to 2 days are typical.

24 At the 200-SW-2 OU, wastes are buried as shallow as 45.7 cm (18 in.) from the surface; therefore, soil
25 gas collection probes will be installed by hand, or by hand auger, in the top few inches of soil after an
26 equilibration time of 30 minutes. A calibrated flow controller will be used to provide a consistent flow
27 rate for each sample collected. One flow controller will be used for each sample collected. Flow rates
28 should not exceed approximately 100 to 200 ml/min, and vacuums should be maintained to below
29 25.4 cm (10 in.) of water, if practical.

30 Approach to Coordination with TPA Milestone M-091-40, Requirement 2. Appendix H of this work plan
31 summarizes soil vapor extraction and soil vapor sampling performed to date in the 200-SW-2 OU in
32 support of the TPA (Ecology et al., 1989) Milestone M-091-40, Requirement 2. As of the publication date
33 of this work plan (March 2015), the four 200-SW-2 OU landfills containing RSW-TRU (218-E-12B, 218-
34 W-3A, 218-W-4B, and 218-W-4C) have been sampled for soil gas prior to retrieval of RSW-TRU. One
35 landfill, 218-W-4C, has also been sampled for soil gas after retrieval of RSW-TRU. The remaining three
36 landfills are not yet fully retrieved under M-091-40 and M-091-41. It is not certain whether the field work
37 specified in this work plan will precede the remaining RSW-TRU retrievals. If the retrievals proceed prior
38 to 200-SW-2 OU field investigation the three remaining landfills (218-W-3A, 218-W-4B, and
39 218-E-12B) will undergo post-retrieval sampling as directed in the following M-091-40/41 SAPs (or
40 subsequent revisions to them, if any).

41 e DOE/RL-2003-48, 218- W-4C Sampling and Analysis Plan

42 e DOE/RL-2004-32, 218-E-12B Burial Ground Sampling and Analysis Plan

43 e DOE/RL-2004-70, 218-W-4B Burial Ground Sampling and Analysis Plan
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1 * DOE/RL-2004-71, 218-W-3A Burial Ground Sampling and Analysis Plan

2 If the 200-SW-2 OU field investigation specified by this work plan precedes post-retrieval vapor
3 sampling under M-091-40 and M-091-41, then the vapor sampling following retrieval of RSW-TRU in
4 218-W-3A, 218-W-4B, and 218-E-12B will be performed under this work plan.

5 Post M-091-40 and M-091-41 retrieval sampling will fulfill requirements of both the M-091 project and
6 the 200-SW-2 field investigation regardless of which project collects the data.

7 Positional Surveying. All sampling locations established during this sampling activity will be surveyed
8 after the sampling and decommissioning activities are completed. Data will be recorded in NAVD88 and
9 the NAD83 WSP (South Zone), with the 1991 adjustment for directional coordinates. All survey data will

10 be recorded in meters and feet.

11 A10.4 Direct Push Sampling

12 Direct push technologies use a pushing method, such as a diesel hammer, hydraulic hammer, cone
13 penetrometer, or Geoprobe, to penetrate the vadose zone to obtain physical samples or provide
14 opportunities for collecting downhole geophysical data (e.g., small diameter gross/spectral gamma and
15 active neutron [moisture]). These methods generally are limited in the depth of penetration and in sample
16 volume as compared to borehole drilling; however, they are well suited for vadose zone investigations.
17 In general, direct push methods do not generate drill cuttings, thereby minimizing personnel exposure to
18 contamination and minimizing the volume of investigation derived waste.

19 Direct push holes will be installed between waste trenches to avoid direct contact with landfill material.
20 They will be used to obtain samples for analysis or provide opportunities for geophysical logging.
21 Samples will be collected at 1.5 m (5 ft) intervals, down to a maximum depth of 18 m (60 ft). Direct push
22 boreholes are decommissioned in the same manner as standard boreholes, in accordance with appropriate
23 state regulations.

24 A10.5 Horizontal Boring and Sampling

25 Chapter 4 of this work plan describes horizontal boring. Horizontal borings are achieved using specially
26 modified mud-rotary rigs. The purpose of horizontal borings is to complete a directional well and use it as
27 a delivery system for obtaining information below the trenches. Leak detection instrumentation or
28 geophysical logs can be run to assess the condition of the vadose zone under the landfill waste as part of
29 this investigation. These borings should be constructed to allow continued future use for routine
30 monitoring in lieu of, or in addition to, conventional wells. It may be possible to collect soil samples
31 during boring; however, site-specific factors will determine the technical feasibility of sampling success
32 based on matrix and equipment limitation.

33 Horizontal boring success is based on many site-specific factors. While successful in most instances,
34 site-specific techniques and approaches are sometimes required to achieve characterization goals. It is
35 recommended that this method be piloted at one waste site to evaluate its effectiveness and utility for this
36 investigation. The use of conventional methods, such as slant drilling methods or direct push, to obtain
37 information below the landfills may be considered where horizontal boring methods are impractical or
38 ineffective to implement.
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1 A10.6 Test Pit Excavations

2 Random and focused test pit excavations will be performed in landfills for the purpose of confirming and
3 validating the interpretation of the geophysical data. These excavations also will provide information that
4 allows for the inspection and verification of process knowledge for landfills.

5 Test pit excavations in the selected landfills will mean that physical inspection of excavated waste will
6 occur in each category (e.g., treatment, storage, and/or disposal [TSD] or industrial) of landfills.

7 All landfills will receive test pits unless they have one or more of these characteristics:

8 e Highly radioactive wastes in any part of the landfill, defined for this purpose only as >120 R/hr
9 at burial

10 e Waste mainly packaged in very large boxes (waste in test pit will not be visible)

11 e Photo history demonstrating good correlation with records (test pits not needed)

12 e Adequate burial records (test pits not needed)

13 The specific landfills selected to receive test pits are listed in Tables A-7 and A-9.

14 Each of the selected landfills will receive two test pits: one in a randomly selected location, and the other
15 in a focused location based on historical process knowledge.

16 Random locations are selected using the random number generator in Excel® to select a trench number
17 and a cross-coordinate along the trench. Focused locations are based on the following characteristics; one
18 or more characteristics is/are sufficient to select a location:

19 e A passive soil gas sampler detected a volatile organic in the location.

20 e Historical records indicate that the location is believed to contain waste with mobile contaminants.

21 e Geophysical surveys indicate a metallic signature.

22 Test pits will be approximately 10 to 13 m (30 to 40 ft) wide, across the width of the trench. Trench
23 location will be determined by site drawings and geophysics results. Initial selections of test pit locations
24 are shown in Table A-11, with the rationale for each location. If locations require adjustment based on
25 results of future field reconnaissance activities such as geophysics or soil gas samples, the revised
26 locations will be selected in consultation with Ecology.

27 After inspection, excavated waste will be handled as investigation derived waste and disposed of to the
28 Environmental Restoration Disposal Facility.

Table A-11. Initial Selection of Test Pit Locations
Random, Rationale for Test Pit Location within

Landfill Focused? Selected Landfills Location

218-C-9 No test pits. Good records.

218-E-1 R Excel* random number generator used to Trench 3, at Hanford
select Trench Number and cross-coordinate coordinates 45519N/54965W

F Location of soil gas detect WSP coordinates
135568N/574742E

® Excel is a registered trademark of Microsoft Corporation, Redmond, Washington.
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Table A-11. Initial Selection of Test Pit Locations
Random, Rationale for Test Pit Location within

Landfill Focused? Selected Landfills Location

218-E-2, -2A, - R Excel random number generator used to Trench 13, at Hanford
5, -5A, -9 select Trench Number and cross-coordinate coordinates 44275N/53790W

F Large metallic signature; record of railroad Trench 3, at WSP coordinates
car contaminated with uranium nitrate. 137085N/573441E

218-E-4 R Excel random number generator used to At Hanford coordinates
select Trench Number and cross-coordinate 44102N /53889W

F Geophysics indicates debris At Hanford coordinates
43800N /53700W

218-E-8 R Excel random number generator used to Trench 1, at Hanford
select Trench Number and cross-coordinate coordinates 4527 1N/48490W

F Location of soil gas detect and significant At WSP coordinates
metallic debris 137193N/575136E

218-E-10 No test pits. Highly radioactive waste packaged in very large boxes.

218-E-12A R Excel random number generator used to Trench 4, at Hanford
select Trench Number and cross-coordinate coordinates 44136N/48790W

F Burial log records from 1962 indicate Trench 12, at Hanford

possible uranium scrap coordinates 43335N/49065W

218-E-12B No test pits. Good records, highly radioactive waste.

2 18-W-1 R Excel random number generator used to Trench T4A, at Hanford
select Trench Number and cross-coordinate coordinates 41757N/7771 1W

F Location of soil gas detect Trench 7, at Hanford
coordinates 41807N/77729W

2 18-W-1A No test pits. Good photo history shows waste forms.

2 18-W-2 R Excel random number generator used to Trench 12, at Hanford
select Trench Number and cross-coordinate coordinates 41392N/77904W

F Location of soil gas detect WSP coordinates
135988N/566172E

218-W-2A No test pits. Highly radioactive waste, good photo history shows waste forms.

218-W-3 R Excel random number generator used to Trench 16, at Hanford
select Trench Number and cross-coordinate coordinates 43753N/78012W

F Records for Trench 19 indicate this Trench 19, at Hanford
location may contain uranium scrap. coordinates 43884N/77890W

218-W-3A No test pits. Good records, highly radioactive waste.

218-W-3AE No test pits. Good records, highly radioactive waste.
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Table A-11. Initial Selection of Test Pit Locations
Random, Rationale for Test Pit Location within

Landfill Focused? Selected Landfills Location

218-W-4A R Excel random number generator used to Trench 21, at Hanford
(Note: Although select Trench Number and cross-coordinate coordinates 43118N/77917W
this site has F Location of burial of depleted uranium in Trench 8, at Hanford
good records and 1962. There are approximately 30 such coordinates 42598N/77669W
contains highly burials in 218-W-4A; this is believed to be
radioactive the largest (310 55-gal drums).
waste, test pits
needed because
of uncertainty in
the waste form
of large amounts
of uranium in
this landfill.)

218-W-4B No test pits. Good records, highly radioactive waste.

218-W-4C No test pits. Good records, highly radioactive waste.

218-W-5 (Note: R Excel random number generator used to Trench 9, at Hanford
Although this select Trench Number and cross-coordinate coordinates 46055N/79045W
site has good F "Green Island" waste Trench 22, at Hanford
records, test pits coordinates 45445N/78724W
are needed in at
least one
Treatment,
Storage and
Disposal unit.
218-W-5 is the
only TSD unit in
200-SW-2 OU
that does not
contain waste
over 120 R/hr)

218-W-11 R Excel random number generator used to Trench 1, at Hanford
select Trench Number and cross-coordinate coordinates 42203N/77833W

F Location of soil gas detect and high WSP coordinates
concentration of metallic debris 136330N/566184E

Note: Excel is a registered trademark of Microsoft Corporation, Redmond, Washington.

F = focused

R = random

WSP = Washington State Plane

1

2 A10.7 Decontamination of Sampling Equipment
Sampling equipment will be decontaminated in accordance with the sampling equipment decontamination
methods. To prevent potential contamination of the samples, care should be taken to use decontaminated
equipment for each sampling activity.

Special care should be taken to avoid the following common ways in which cross-contamination or
background contamination may compromise the samples:
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1 e Improperly storing or transporting sampling equipment and sample containers

2 e Contaminating the equipment or sample bottles by setting the equipment/sample bottle on or near
3 potential contamination sources (e.g., uncovered ground)

4 e Handling bottles or equipment with dirty hands or gloves

5 e Improperly decontaminating equipment before sampling or between sampling events

6 A10.8 Radiological Field Data

7 Alpha and beta/gamma data collection in the field will be used as needed to support sampling and
8 analysis efforts. As a general rule, cuttings from boreholes (excluding slough) will be field screened for
9 evidence of radiological contamination. Screening will be conducted visually and with field instruments.

10 Radiological screening will be performed by the RCT or other qualified personnel. The RCT will record
11 field measurements, noting the depth of the sample and the instrument reading. Measurements will be
12 relayed to the field geologist (for borehole and wells) for daily inclusion in the field logbook or
13 operational records, as applicable.

14 The following information will be distributed to personnel performing work in support of this SAP:

15 e Instructions to RCTs on the methods required to measure sample activity and media for gamma,
16 alpha, and/or beta emissions, as appropriate

17 e Information regarding the portable radiological field instrumentation; including a physical description
18 of the instruments, radiation and energy response characteristics, calibration/maintenance and
19 performance testing descriptions, and the application/operation of the instrument (these instruments
20 are commonly used on the Hanford Site to obtain measurements of removable surface contamination
21 measurements and direct measurements of the total surface contamination)

22 e Instructions regarding the minimum requirements for documenting radiological controls information
23 in accordance with 10 CFR 835, "Occupational Radiation Protection"

24 e Instructions for managing the identification, creation, review, approval, storage, transfer, and retrieval
25 of radiological information

26 e The minimum standards and practices necessary for preparing, performing, and retaining
27 radiological-related information

28 e The requirements associated with preparing and transporting regulated material

29 e Daily reports of radiological surveys and measurements collected during conduct of field
30 investigation activities (data will be cross-referenced between laboratory analytical data and radiation
31 measurements to facilitate interpreting the investigation results)

32 A10.9 Documentation of Field Activities

33 Logbooks or data forms are required for field activities. A logbook must be identified with a unique
34 project name and number. The individual(s) responsible for logbooks will be identified in the front of the
35 logbook and only authorized persons may make entries in logbooks. Logbooks entries will be reviewed
36 by the FWS, cognizant scientist/engineer or other responsible manager; the review will be documented
37 with signature and date. Logbooks will be permanently bound, waterproof, and ruled with sequentially
38 numbered pages. Pages will not be removed from logbooks for any reason. Entries will be made in
39 indelible ink. Corrections will be made by marking through the erroneous data with a single line, entering
40 the correct data, and initialing and dating the changes.
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1 Data forms may be used to collect field information; however, the information recorded on data forms
2 must follow the same requirements as those for logbooks. The data forms must be referenced in the
3 logbooks.

4 A summary of information to be recorded in logbooks is as follows:

5 e Purpose of activity

6 e Day, date, time, and weather conditions

7 e Names, titles, and organizations of personnel present

8 e Deviations from the QAPjP

9 e All site activities, including field tests

10 e Materials quality documentation (e.g., certifications)

11 e Details of samples collected (e.g., preparation, splits, duplicates, matrix spikes, and blanks)

12 e Location and types of samples

13 e Chain-of-custody details and variances relating to chain-of-custody

14 e Field measurements

15 e Field calibrations testing, inspections, maintenance and surveys, and equipment identification
16 numbers, as applicable

17 e Equipment decontaminated, number of decontaminations, and variations to decontamination methods

18 e Equipment failures or breakdowns, and descriptions of any corrective actions

19 e Telephone calls relating to field activities

20 A10.10 Corrective Actions and Deviations for Sampling Activities

21 The 200-SW-2 OU Project Manager, FWS, appropriate BTR (or designee), and SMR personnel must
22 document deviations from protocols, problems pertaining to sample collection, chain-of-custody forms,
23 target analytes, COPCs, sample transport, or noncompliant monitoring. Examples of deviations include
24 samples not collected because of field conditions, changes in sample locations because of physical
25 obstructions, or additions of sample depth(s).

26 As appropriate, such deviations or problems will be documented in the field logbook or on
27 nonconformance report forms in accordance with internal corrective action methods. The 200-SW-2
28 OU Project Manager, FWS, appropriate BTR (or designee) or SMR personnel will be responsible for
29 communicating field corrective action requirements and for ensuring immediate corrective actions are
30 applied to field activities.

31 A10.11 Calibration of Field Equipment

32 Construction management, the appropriate BTR, or the FWS is responsible for ensuring that field
33 equipment is calibrated appropriately. Onsite environmental instruments are calibrated in accordance with
34 the manufacturer's operating instructions, internal work requirements and processes, and/or field
35 instructions that provide direction for equipment calibration or verification of accuracy by analytical
36 methods. The results from all instrument calibration activities are recorded in accordance with
37 HASQARD (DOE/RL-96-68).

38 Field instrumentation, calibration, and QA checks will be performed as follows:

39 e Prior to initial use of a field analytical measurement system.

40 e At the frequency recommended by the manufacturer or methods, or as required by regulations.
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1 e Upon failure to meet specified QC criteria.

2 e Calibration of radiological field instruments on the Hanford Site is performed by the MSA prime
3 contractor, as specified by their calibration program.

4 e Daily calibration checks will be performed and documented for each instrument used to characterize
5 areas under investigation. These checks will be made on standard materials sufficiently like the
6 matrix under consideration for direct comparison of data. Analysis times will be sufficient to establish
7 detection efficiency and resolution.

8 e Standards used for calibration will be traceable to nationally or internationally recognized standard
9 agency source or measurement system, if available.

10 A10.12 Sample Handling

11 Sample handling and transfer will be in accordance with established methods to preclude loss of identity,
12 damage, deterioration, and loss of sample. Custody seals or custody tape will be used to verify that
13 sample integrity has been maintained during sample transport. The custody seal will be inscribed with the
14 sampler's initials and date.

15 A sampling and data tracking database is used to track the samples from the point of collection through
16 the laboratory analysis process.

17 A10.12.lSample Preservation and Hold Times
18 For certain types of samples, preservatives are required. While the preservative may be added to the
19 collection bottles before their use in the field, it is allowable to add the preservative at the sampling
20 vehicle immediately after collection. Samples may require filtering in the field, as noted on the
21 chain-of-custody forms.

22 To ensure sample and data usability, the sampling associated with this SAP will be performed in
23 accordance with HASQARD (DOE/RL-96-68) pertaining to sample collection, collection equipment, and
24 sample handling.

25 Holding time is the elapsed time period between sample collection and analysis. Exceeding required
26 holding times could result in changes in constituent concentrations due to volatilization, decomposition,
27 or other chemical alterations. Required holding times depend on the analytical method, as specified for
28 three-digit EPA methods (EPA/600/4-79-020) or for the four-digit EPA methods (SW-846).

29 Suggested sample preservation and holding time requirements will be specified in Field Sampling
30 Instructions for samples collected in accordance with this SAP. These requirements are in accordance
31 with the analytical method specified. The final container type and volumes will be identified on the SAF
32 and chain-of-custody form. This SAP defines a "sample" as a filled sample bottle for starting the clock for
33 holding-time restrictions.

34 A10.12.2 Containers
35 Pre-cleaned sample containers with certificates of analysis denoting compliance with EPA specifications
36 (EPA 540/R-93/05 1, Specifications and Guidance for Contaminant-Free Sample Containers) for the
37 intended analyses will be used for soil samples collected for chemical analysis. Container sizes may vary
38 depending on laboratory-specific volumes/requirements for meeting analytical detection limits.
39 The Radiological Engineering organization will measure both the contamination levels and dose rates
40 associated with the filled sample containers. This information, along with other data, will be used to select
41 proper packaging, marking, labeling, and shipping paperwork and to verify that the sample can be
42 received by the analytical laboratory in accordance with the laboratory's radioactivity acceptance criteria.
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1 If the dose rate on the outside of a sample container or the curie content exceeds levels acceptable by an
2 offsite laboratory, the FWS (in consultation with the SMR organization), can send smaller volumes to the
3 laboratory. Container types and sample amounts/volumes will be identified when field sampling
4 instructions are prepared.

5 A10.12.3 Container Labeling
6 Each sample container will be labeled with the following information on firmly affixed, water
7 resistant labels:

8 e SAF

9 e HEIS number

10 e Sample collection date and time

11 e Analysis required

12 e Preservation method (if applicable)

13 e Chain-of-custody number

14 e Bottle type and size

15 e Laboratory performing the analyses

16 e Sample location

17 Sample records must include the following information:

18 e Analysis required

19 e Source of sample

20 e Matrix (e.g., water and soil)

21 e Field data (e.g., pH and radiological readings)

22 A10.12.4 Sample Custody
23 Sample custody will be maintained in accordance with existing protocols to ensure the maintenance of
24 sample integrity throughout the analytical process. Chain-of-custody protocols will be followed
25 throughout sample collection, transfer, analysis, and disposal to ensure that sample integrity is
26 maintained. A chain-of-custody record will be initiated in the field at the time of sampling and will
27 accompany each set of samples shipped to any laboratory.

28 Shipping requirements will determine how sample shipping containers are prepared for shipment.
29 The analyses requested for each sample will be indicated on the accompanying chain-of-custody form.
30 Each time the responsibility changes for the custody of the sample, the new and previous custodians will
31 sign the record and note the date and time. The sampler will make a copy of the signed record before
32 sample shipment and will transmit the copy to the SMR organization within 48 hours of shipping.

33 The following information is required on a completed chain-of-custody form:

34 e Project name

35 e Signature of sampler

36 e Unique sample number

37 e Date and time of collection

38 e Matrix

39 e Preservatives
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1 e Signatures of individual involved in sample transfer

2 e Requested analyses (or reference thereto)

3 A10.12.5 Sample Transportation
4 All packaging and transportation instructions will be in compliance with applicable transportation
5 regulations and DOE requirements. Regulations for classifying, describing, packaging, marking, labeling,
6 and transporting hazardous materials, hazardous substances, and hazardous wastes are enforced by the
7 U.S. Department of Transportation (DOT) as described in 49 CFR 171, "General Information,
8 Regulations, and Definitions," through 177, "Carriage by Public Highway." Carrier specific requirements
9 defined in the International Air Transportation Association Dangerous Goods Regulations should also be

10 considered when preparing sample shipments conveyed by air freight providers.

11 Samples containing hazardous constituents will be considered hazardous material in transportation and
12 transported according to DOT 49 CFR, "Transportation," requirements. If the sample material is known
13 or can be identified, then it will be packaged, marked, labeled, and shipped according to the specific
14 instructions for that material.

15 Materials are classified by DOT as radioactive when the isotope specific activity concentration and the
16 exempt consignment limits described in 49 CFR 173, "Transportation," "Shippers-General
17 Requirements for Shipments and Packagings," are exceeded. Samples will be screened, or relevant
18 historical data will be used, to determine if these values are exceeded. When screening or historical data
19 indicate that samples are radioactive, they will be properly classified, described, packaged, marked,
20 labeled, and transported according to DOT requirements.

21 All Health and Safety

22 The hazardous waste operations safety and health program was established to ensure the safety and health
23 of workers involved in hazardous waste site activities. The program was developed to comply with the
24 requirements of 29 CFR 1910.120, "Occupational Safety and Health Standards," "Hazardous Waste
25 Operations and Emergency Response," and 10 CFR 835. The health and safety program defines the
26 chemical, radiological, and physical hazards and specifies the controls and requirements for day to day
27 work activities on the overall Hanford Site. Personal training; control of industrial safety and radiological
28 hazards; personal protective equipment; site control; general emergency response to spills, fire, accidents,
29 and injuries; site visitors; and incident reporting are governed by the health and safety program.

30 Site-specific health and safety plans will be prepared to supplement the general health and safety
31 program. Site access and sampling work activities will be controlled in accordance with the site-specific
32 and general health and safety plans.

33 A12 Management of Waste

34 Waste materials are generated during sample collection, processing, and subsampling activities.
35 The method of identification, storage, and disposition of hazardous, radioactive, or mixed waste materials
36 and unused samples (including unexpected waste), generated by sampling or test pit excavation activities,
37 will be managed in accordance with a project-specific waste management plan and must be characterized
38 to the extent necessary to meet DOE/RL-2011-41, Hanford Site Strategyfor Management ofInvestigation
39 Derived Waste, and the waste acceptance criteria for the relevant disposal facility.

40 Offsite analytical laboratories are responsible for the disposal of unused sample quantities. On a monthly
41 basis, the laboratory will coordinate sample disposal and status with SMR by providing a list of samples
42 more than 90 days post-data delivery for which disposal is requested in the following month.
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1 The laboratory will also provide on a monthly basis a list of samples disposed in the preceding month that
2 includes disposal date and method or other relevant information. Signed chain-of-custody forms
3 indicating sample disposal will be retained in laboratory case files pending return of case files to the
4 contractor.

5 Pursuant to 40 CFR 300.440, "Procedures for Planning and Implementing Off-Site Response Actions,"
6 approval from the DOE Remedial Project Manager is required before returning unused samples or waste
7 from offsite laboratories.
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Terms

DPT direct-push technology

EMI electromagnetic imaging

GPR ground penetrating radar

MSCM Mobile Surface Contamination Monitor

N/A not applicable

PUREX Plutonium/Uranium Extraction (Facility)

REDOX Reduction/Oxidation (Facility)

TMF total magnetic field

TSD treatment, storage, and/or disposal

2
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1 B1 Summary Descriptions Waste Sites Associated with the 200-SW-2 Radioactive
2 Landfills Group Operable Unit

3 This appendix contains summary descriptions of waste sites associated with the 24 landfills in the
4 200-SW-2 Operable Unit. Table B-1 describes 11 unplanned release waste sites located within, or close
5 to, the 24 landfills considered in the data quality objectives processes for this work plan. Contamination
6 potentially remaining from these sites may be located within in-scope landfills. Table B-2 summarizes the
7 characterization activities performed on each of the landfills, to date. Table B-3 summarizes the drawings
8 available for the 200-SW-2 Operable Unit landfills.
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Table B-1. Summary of Information for Other Waste Sites Collocated with or Near 200-SW-2 Operable Unit Landfills

Contaminant Inventory/ Waste Site
Site Code Site Name Location Years of Operation Source Facility Volume Released Depth Dimensions General Description

UPR-200-F-23 UPR-200-F-23, Burial Box Release occurred at 218-F-10 1960 PUREX F-l and H-4 Particles and N/A N/A The unplanned release (UPR-200-F-23) occurred at the
Collapse at the 218-F-b0 Burial Landfill; the contamination spread Tube Bundles contaminated soil 218-F-10 Landfill when large boxes of contaminated
Ground, UPR-200-W-158 east and southeast up to 4.8 km PUREX equipment collapsed and spread contamination.

(3 mi) beyond the 200 East Area The maximum dose rate at the box was 5 rad/h (100 ft)
perimeter fence. from the box. The box was partially covered with soil.

("Consolidated")

UPR-200-E-24 UPR-200-E-24, Contamination Contamination spread from 1960 PUREX F-l and H-4 Particles and N/A N/A An unplanned release (UPR-200-E23) occurred at the
Plume from the 218-E-10 Burial 218-E-10 Landfill to 4.8 km (3 mi) Tube Bundles contaminated soil 218-E-10 Landfill when large boxes of PUREX
Ground, UN-200-F-24 beyond the 200 Fast Area equipment collapsed and spread contamination. This

perimeter fence. related unplanned release (UPR-200-E-24) also is
reported to account for the airborne contamination
plume from the broken box. ("Consolidated")

UPR-200-E-30 UPR-200-E-30, UN-200-E-30 Within the 218-E-10 Landfill. 1961 N/A Process jumpers and N/A Area of 37,161 m2  A wooden burial box containing 82 highly
contaminated soil (400,000 ft2) contaminated process jumpers collapsed as it was

covered with soil. This has been assigned to the
218-E-10 Landfill. Maximum contamination of
500 mR/h was spread over a 37,161 m2 (400,000 ft2)
area. The landfill has been surface stabilized.

("Consolidated")

UPR-200-E-53 UPR-200-E-53, UN-200-E-53, The release occurred at the 1978 N/A Contaminated soil N/A 46 by 15 m In October 1978, a contamination spread occurred
Contamination at 218-E-1 218-E-1 Landfill. (150 by 50 ft) during backfilling operations when a bulldozer

uncovered shallow buried contaminated waste in an
adjacent trench. Numerous spots of radioactive
contamination were detected within the south end of the
218-F- Trench. The contaminated soil was reburied,
and clean fill was spread over the area. The surface of
the landfill was stabilized in 1981. The release is not
marked or posted, but the 218-E- Landfill is marked
and posted. ("Consolidated")

UPR-200-W-11 UPR-200-W-1i1, Burial Ground Within the 218-W-1 Landfill. 1952 N/A Airborne radioactive N/A N/A This site was a result of a spontaneous fire in the
Fire, UN-200-W-11, contamination including 218-W-1 Landfill. It has been consolidated into its
UPR-200-W-16 alpha particles duplicate (UPR-200-W-16). ("Consolidated")

UPR-200-W-16 UPR-200-W-1i1, Burial Ground Within the 218-W-1 Landfill. 1952 N/A Airborne radioactive N/A N/A The release was a result of a spontaneous fire in the
Fire, UN-200-W-1i1, Fire at contamination including 218-W- Landfill. The trench where the fire occurred
218-W-I Burial Ground alpha particles runs east and west and was roughly in the center of the

landfill. A fire in the dry waste spread plutonium
contamination near the 231-Z Building. The
contaminated soil was bulldozed into the trench. The
ground on the north side was stabilized with road oil,
and roads near Z Plant were washed down with water.

("Consolidated")

UPR-200-W-26 UPR-200-W-26, Contamination Assumed to be 218-W-1A Landfill 1953 221-T Soil contamination from N/A N/A A box of used connectors was removed from the
Spread During Burial Operation and along the railroad tracks. 221-T spent equipment 221-T Building and buried in the 218-W-1A

(alias Railroad) Landfill. During unloading, the lid was
dislodged and contamination was spread to the flatcar
and surrounding ground. ("Consolidated")
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Table B-1. Summary of Information for Other Waste Sites Collocated with or Near 200-SW-2 Operable Unit Landfills

Contaminant Inventory/ Waste Site
Site Code Site Name Location Years of Operation Source Facility Volume Released Depth Dimensions General Description

UPR-200-W-37 UPR-200-W-37, Contaminated East of Dayton Ave, southwest of Z 1955 N/A High-activity dry waste N/A N/A Three boxes mistakenly containing dry, high-activity
Boxes Found in a Burn Pit Plant within the 21 8-W-4C waste were sent to the Z Plant burn pit, which was

Landfill. located within what is now the 218-W-4C Landfill.
The boxes were noticed before being burned, but during
removal, it was noted that one box had opened in the pit
causing radiological contamination. The boxes were
removed and sent to the proper trench. ("Consolidated")

UPR-200-W-53 UPR-200-W-53, Burial Box East from the 218-W-2A Landfill to 1959 REDOX Spent equipment caused N/A 101 ha (250 ac) A burial box containing process equipment from
Collapse within 275 m (902 ft) of the east contaminated soil and REDOX collapsed and released fission product

perimeter fence of the airborne particles contamination into the 200 West Area in January 1959.
200 West Area. Skin and/or personal clothing contamination occurred to

12 employees and 15 vehicles. Personnel and property
were decontaminated, and measures to prevent the
spread of contamination were implemented.
("Consolidated") Also known as UPR-200-W-45

UPR-200-W-72 UPR-200-W-72, Contamination at Within the 218-W-4A Landfill. 1975 N/A Laboratory waste and N/A 15 by 15 m (50 by 50 ft) Contaminated laboratory waste was found with gross
the 218-W-4A Burial Ground contaminated soil alpha and mixed fission product contamination in

October 1975. The waste had been buried years before
at the previously required 1.2 m (4 ft) depth. Soil
erosion caused the waste to become exposed. The waste
was removed, and the area was covered with 15 cm
(6 in.) of sand, a layer of urea bore, a layer of 10-mil
plastic, 31 to 36 cm (12 to 14 in.) of soil, and 8 to 10 cm
(3 to 4 in.) of rock. ("Consolidated")

UPR-200-W-84 UPR-200-W-84, Ground Within the 218-W-3A Landfill, 1980 N/A Liquid waste N/A N/A In July 1980, a liquid spill occurred in the 218-W-3A
Contamination During Burial most likely Trench S9. Landfill when chemical waste (beta/gamma) was being
Operation at the 218-W-3A Burial pumped from a truck to the landfill. The pump and
Ground contaminated soil were placed in a trench. The truck

was cleaned and thoroughly decontaminated at a
separate site. ("Consolidated")

216-C-9 216-C-9 Pond North of 7th Street and north of Hot 1953 to 1983 209-F Critical Mass 1 billion L (264 million gal) 2.4 m (7.9 ft) 383 by 70 m The excavation was originally intended to be the
Semiworks Facility. Laboratory mildly radioactive steam (1,256 by 230 ft) foundation for the 221-C Canyon Facility that was

Hot Semiworks Facility condensate liquid discharge never built. It was modified to receive cooling water
from the 201-C Hot Semiworks Facility. Over a period
of 30 years, the pond received approximately 1 billion L
(264 million gal) of mildly radioactive steam
condensate liquid discharge from the 209-E Critical
Mass Laboratory and the Hot Semiworks (201-C).

Z Plant BP Z Plant BP, Z Plant Burning Pit Located east of Dayton Ave, within 1948 to 1960 N/A The burn pit received 3 m (9.8 ft) 12.2 by 15.2 m Consolidated with the 218-W-4C Landfill. This unit is a
the boundaries of the current 2,000 m3 of wastes for (40 by 49.9 ft) rectangular burning pit located within (under) the
218-W-4C Landfill. burning, including less than 218-W-4C Landfill. The burn pit was a disposal site for

1,000 m3 of laboratory combustible nonradioactive construction, office, and
chemicals nonhazardous laboratory waste, including unnamed

chemicals. The burn pit was exhumed during
construction of the 218-W-4C Landfill. It was located
near the west end of Trench 33. ("Consolidated")
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Table B-1. Summary of Information for Other Waste Sites Collocated with or Near 200-SW-2 Operable Unit Landfills

Contaminant Inventory/ Waste Site
Site Code Site Name Location Years of Operation Source Facility Volume Released Depth Dimensions General Description

216-T-4A 216-T-4 Swamp, 216-T-4-1 Pond Located in the northeast portion of 1944 to 1972 221-T Chemical Steam condensate 42.5 E9L; Surface 549 by 183 m The pond received cooling water and steam condensate
the current 218-W-2A Landfill. Separation Plant and radionuclide inventories for (1,801 by 600 fi) via the 207-T Retention Basin and 216-T-4-1 Ditch.

224-T Building 216-T-4A and 216-T-4B The surface bottom was scraped and placed in the
Ponds are reported together 218-W-2A Landfill. The area has been interim
as one site. stabilized with backfill and revegetated.

216-T-4B 216-T-4 New Pond, 216-T-4-2 Pond Located east of the former 1972 to 1995 242-T Evaporator and Steam condensate from the Surface 6,100 m2 (65,660 ft2) The effluent was usually absorbed in the first quarter of
216-T-4A Pond, north of 23rd 221-T 242-T Evaporator and the ditch, leaving the pond area dry. The pond was
Street. The 218-W-3AE Landfill nonradioactive wastewater considered dry after 1977. The 1995 end date refers to
was built over the dry pond from 221-T air conditioning the 21 6-T-4-2 Ditch discharge end date where the
location. filter units and floor drains; potential existed for effluent to reach the pond from

volume unspecified the ditch.

216-T-4-2 216-T-4-2 Ditch Located north of 23rd Street and 1972 to 1995 242-T Evaporator and Steam condensate from the 1.2 m (3.9 ft) 533 by 2.4 m Most of the effluent was absorbed in the first quarter of
north of the 241-T Tank Farm. 221-T 242-T Evaporator and (1,749 by 7.9 ft) the ditch length. The distal end of the ditch was often

nonradioactive wastewater dry. The ditch was backfilled and interim stabilized in
from 221-T air conditioning July 1995.
filter units and floor drains;
volume unspecified

not applicableN/A

PUREX = Plutonium/Uranium Extraction (Facility)

REDOX = reduction/Oxidation (Facility)

1

2
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Table B-2. 200-SW-2 Operable Unit Landfill Characterization Activities
Preliminary Phase

Investigation Phase 1-A Characterization Phase 1-B Characterization RSW Sampling

Step2:
Radological

Surface PassiveSoil PassiveSoil PassiveSoil PassiveSoil Step 1: Soil SurveyDfT
Historical Histoical Surface MSCM Passive Soil Historical Geophysics MSCM Lgging Vapor Vapor Vapor Vapor DPT& Remote Remote Inspection Vapor Samples, andSoilVapor

Information SurfaceGeophysics Information Geophysics Radiation Vapor Information (GPREM/ Radiation Existing Samples Samples Samples Samples Geophysical Radialion Camera ofUnused Pmr-Waste SamplingField Step 3:Soil
Landfill Review (GPR/EMJMF) Review (GPR/EMJMF) Surve Samples Review TMF Surveys Wes (Stageif (Stage2) (Stage 3) (Stage 4) [9gng' Surveysh Surveyh ThDs Retrieval Screening Sampling

218-C-9 x x x x x x x

218-E-1 x x x x x x x x

218-E-2 x x x x x

218-E-2A x x x xb x x x x

218-E-4 x x x x x

218-E-5 x x xb x x x x

218-E-5A x x x x x x x

218-E-8 x x x x xb x x x x x

218-E-9 x x x x x x

218-E-10 x x x x x

218-E-12A x x x x x x x x x

218-E-12B x x Xx

218-W-1 x x x x x x x

218-W-LA x x x x x x x x x

218-W-2 x x x x x x x x

218-W-2A x x x x x x x x x

218-W-3 x x x x x x x x x x

218-W-3A x x x x x

218-W-3AE x x x x x x

218-W-4A x x x x x x x x x

218-W-4B x x x x x x x x x x

218-W-4C x x x x x Xi x x x

218-W-5 x x x x x x

218-W-6 x x

218-W-11 x x x x x x x x x x
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Table B-2. 200-SW-2 Operable Unit Landfill Characterization Activities

Preliminary Phase
Investigation Phase 1-A Characterization Phase 1-B Characterization RSW Sampling

TStep2:
Radiological

Surface Pasivestal Passivesoil PassiveSoil PassiveSoilSep 1: Soil SurveyDPT
Historical Historical Surhce MSCM Passive Soil Historical Geophysics MSCM Logging Vapor Vapor Vapor Vapor DPF& Remote Remote Inspection VaporSampes, and SoilVapor

Information SurfaceGeophysics Information Geophysics Radiation Vapor Information (GPREMV Radiation Exising Samples Samples Samples Samples Geophysical Radiaion Camera ofUnused Pe-Waste Sampling/Field Step3:Soil
Landfill Review (GPR/EMUTMF) Review (GPR/EMAW F) Surveys" Samples Review TMW Surveys" Well' (SNagelf (Stage2) (Stage3) (Stage) tiging Survey Survey SDs Retrieval screening Sapling

a. MSCM radiation surveys are annually conducted on the surface of all past-practice 200-SW-2 Operable Unit Landfills.

b. Additional MSCM radiation surveys were performed on these landfills based on the Phase 1-A data quality objectives process.

c. Geophysical logging of existing wells is initially proposed in up to one upgradient well and one downgradient well where well logging data do not currently exist; the logging will collect information regarding site geology, soil moisture content, and presence/absence of mobile gamma-emitting contaminants. Wells to be logged will
be determined per a focused investigation defined in SGW-34463, Treatabiliy Studies and Other Focused Investigations: An Initial Planning Basis fjr the 200-SW-2 Operable Unit Landfills.

d. DPT borehole logging will be slim-hole instrumentation for measuring gross/spectral gamma, passive neutron, and active neutron moisture.

e. Surface geophysical investigations (e.g., GPR/EMI/TMF surveys) are not proposed for most TSD unit landfill trenches during Phase 1-B due to the higher quantity/quality of waste burial records. As part of a focused investigation per SGW-34463, a limited number of TSD landfill trenches will be surveyed to verify burial records.

f. Stage 1 passive soil vapor samples are targeted at areas that had detected levels of soil vapor during Phase 1-A activities.

g. Stage 2 passive soil vapor samples are targeted at areas with strong metallic signatures from the surface geophysical investigations.

h. Remote surveys only apply to caissons within each of the noted landfills.

i. Site walkdowns, records review, and surface geophysics are proposed to aid in procedural closure of unused portions of TSD landfills (entire 218-W-6 Landfill, annex of218-W-4C Landfill, annex of218-E-10 Landfill, and western portion of218-E-12B Landfill).

j. Additional pushes to be performed in these landfills that have experienced historical events that could have provided a mechanism to cause contaminant migration.

DPT = direct-push technology

EMI = electromagnetic imaging

GPR = ground penetrating radar

MSCM = Mobile Surface Contamination Monitor

TMF = total magnetic field

TSD = treatment, storage, and/or disposal

x = denotes that the listed characterization activity has been completed for that landfill, whereas a blank indicates that the listed characterization activity has not been performed.

1
2
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Table B-3. Reference Drawing List

Landfill Reference Drawing

218-E-10 H-2-821555, Sheet 4, Industrial Landfill 218-E-10 Site Plan and Details (site plan),
H-2-92004; Subsidence Drawing Landfill 218- W-3AE (stabilization)

218-E-12B H-2-96660, East Area Dry Waste Landfill (site plan); H-2-821555, Sheet 2, Subsidence
Drawing Landfill 218-E-12B (stabilization)

218-W-3A H-2-34880, Sheets 1 and 2 (site plan); H-2-821555 (stabilization)

218-W-3AE H-2-75351, Sheets 1, 2, and 3, Dry Waste Landfill 218- W-3AE (site plan); H-2-821555
(subsidence); Typical trench cross-sections are described on H-2-75351, Sheet 2

218-W-4B H-2-33055 describes the trench layout; Installation-Filtered & Shielded Caisson Covers-
Dry Waste Landfill 218- W-4B, describes caisson installation, H-2-74640; H-2-821555
describes stabilization

218-W-4C H-2-37437, Sheets 1 through 4, Dry Waste Landfill 218-W-4C; H-2-821555 (stabilization)

218-W-5 H-2-94677, Dry Waste Landfill 218- W-5 (site plan); H-2-821555 (stabilization)

218-C-9 H-2-4010, Strontium Semiworks & Vicinity Outside Lines Key Map; H-2-4606, 216-C-9 Pond
Modifications

218-E-1 H-2-00124, 218-E-1 Dry Waste Landfill

218-E-2 H-2-55534, 218-E2, E2A, E4, E5, E5A, & E9 Industrial Landfill Plan & Details

218-E-2A H-2-55534

218-E-4 H-2-55534

218-E-5 H-2-55534

218-E-5A H-2-55534

218-E-8 There are no known individual drawings of the Landfill; however, drawings of the
218-E-12B Landfill (e.g., Hanford Site Drawing H-2-821555, Sheet 5) often show the 218-E-8
Landfill, which is near the southeast corner of the 218-E-12B Landfill

218-E-9 H-2-55534

218-E-12A H-2-32560

218-W-1 H-2-75149, Dry Waste Landfill 218- W-1, trench arrangement and dimensions detail

218-W-1A H-2-02516, Industrial Landfill 218-W-]A

218-W-2 H-2-02503, 218- W-2 Dry Waste Landfill

218-W-2A H-2-32095, 218- W-2A Industrial Landfill & 218- W-3 Dry Waste Landfill

218-W-3 H-2-32095, Sheet 1

218-W-4A RHO-DO 101 ERO 101, Burial Ground Characterization Engineering Report (contains a
drawing of trench configurations and locations on page 69)

218-W-11 H-2-94250, Dry Waste Landfill 218- W-II (the drawing likely is not accurate)
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C1 Introduction

2 This appendix discusses historical waste disposal practices including requirements for containers,
3 packaging materials, barriers, filler material, and waste segregation. Historical documents track waste
4 packaging and disposal requirements. Specific waste classifications and packaging instructions were used
5 to segregate waste and track the waste after burial for future retrieval. Types of waste disposal structures
6 are described in this appendix.

7 C1.1 Trenches

8 Before construction of treatment, storage, and/or disposal unit (TSD) landfills in the 1990s, most of the
9 wastes sent to the 200 Area landfills were disposed of, or retrievably stored, in trenches. A typical solid
0 waste trench is shown in Figure C-1. Non-transuranic (TRU) waste (low-level waste [LLW], waste
1 containing components currently regulated under WAC 173-303, "Dangerous Waste Regulations,"
2 nonradioactive waste) typically was disposed in earthen trenches approximately 4 to 5 m (12 to 16 ft)
3 deep; some TRU trenches are up to 7.6 m (25 ft) deep.

lie 
5-20mo

Backfill 0.5-2 rn

3-8 M"

15-5 ma
)Smaller dimensions are for typical "Dry Waste"
trench containing cardboard boxes, barrels, etc.
Larger dimensions are for comtaminated
'Industrial" solid waste trench containing failed
process equipment typically in large wooden,
metal, or concrete boxes.

4 CHP BS1 103 D4.8 I FGC07 J _D/827

5 Figure C-1. Diagram of a Typical Solid Waste Trench

6 The Hanford Site soil, consisting largely of gravel and sand, sloughs off to an angle of repose of about
7 45 degrees during excavation. This required the movement of significant volumes of earth for the
8 preparation and backfilling of waste trenches. The wide top and relatively narrow bottom of the resulting
9 trench, coupled with the practice of covering radioactive waste by the end of the day when spreadable

.0 contamination was present, have resulted in a low ratio of waste volume to land area (BHI-00 175, Z Plant
!1 Aggregate Area Management Study Technical Baseline Report) compared to conventional landfills.
.2 Volumes of radioactive waste disposed in the 200-SW-2 Operable Unit (OU) landfills and recorded in the
!3 Solid Waste Information Tracking System (SWITS), compared with trench volumes, suggest that an
!4 average of 21 percent of the trench volume is waste packages; the remainder is backfill.

C-1
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1 Trench locations are marked by external survey marker monuments every 7.6 m (25 ft) around the
2 perimeter; markers are about 4.9 m (16 ft) above the trench floor (WHC-EP-0225, Contact-Handled
3 Transuranic Waste Characterization Based on Existing Records).

4 Both unlined and lined trenches have been used at the Hanford Site. The purpose of a liner in a Resource
5 Conservation and Recovery Act of1976 (RCRA) permitted landfill is to catch water that may come into
6 contact with uncovered waste during burial operations. This water is collected and appropriately treated.

7 C2 Container Barriers

8 C2.1 Pre-1970 Burial Operations

9 In the 1960s, radioactive wastes that were small usually were placed in plastic-lined cardboard boxes or
10 wrapped in grease-proof paper, then placed in cardboard boxes. Large waste items were wrapped in
11 plastic shrouds. Waste that was highly contaminated with mixed fission products (MFPs) was packaged in
12 high-integrity containers due to the radiation dose rate. The most common method of depositing wastes in
13 trenches during the 1960s was to place boxes of solid waste directly into the trenches. Wood or concrete
14 boxes that contained bulky or highly contaminated materials usually were dragged from railroad cars into
15 the trench by bulldozers using long cables. Before 1970, the primary concerns during burial operations
16 were to ensure confinement of contaminated materials during transport, minimize exposure to operating
17 personnel, confine radioactive or chemical materials to prevent releases to the environment, and protect
18 public health.

19 The packaging of waste materials was designed to maintain safety until the material was securely buried.
20 Because of the favorable hydrological conditions, concern was not given to whether the containers
21 remained intact after burial. Favorable hydrogeological/geochemical conditions include low annual
22 precipitation, distance to groundwater, recharge rate, ion exchange capacity of the soil, buffer capacity,
23 and low organic content of the soil. Until the mid-1970s, no requirements existed for venting burial
24 containers to allow for the release of built-up pressure. If waste materials were known to generate gases,
25 they were placed within containers constructed of a material known to collapse under the weight of
26 backfilling. Once the container was no longer intact, venting was no longer required.

27 C2.2 Post-1970 Burial Operations

28 Beginning in 1970 (in addition to fiberboard boxes, drums, and metal containers that were used to
29 containerize waste), iron or galvanized steel drums and boxes constructed of fiberglass reinforced
30 polyester, plywood, or concrete were used for packaging small waste items. ARH-CD-353, Design
31 Criteria Transuranic Dry Waste Burial Containers (Steel and Reinforced Concrete), released in 1976,
32 stated that burial containers were provided with vents if it was required that they be protected against
33 variations in internal pressure. With the initial release of RHO-MA-222, Hanford Radioactive Solid
34 Waste Packaging, Storage, and Disposal Requirements, in 1980, each container was required to be
35 capable of being fitted with an air or vacuum hose or a gaseous diffusion vent. Wood, steel, and/or
36 concrete boxes continued to be used for the burial of process equipment during this period. Beginning
37 around 1980, the U.S. Department of Transportation (DOT) required the use of 208 L (55 gal) galvanized
38 drums for radioactive waste packaging. Radioactive waste is defined in DOE G 435.1-1, Implementation
39 Guide for Use with DOE M 435.1-1 (TRU waste).

40 C2.3 Waste Containment Requirements

41 Requirements for containment of waste changed with time, with a particularly greater emphasis and
42 regulation on environmental protection in the late 1980s. A chronological summary of containment
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1 barrier requirements, procedures, and specifications is presented in the following subsections. Procedures
2 and specifications for containment of waste were applicable sitewide. Although other generator specific
3 procedures for waste containment existed, the sitewide procedure and specifications represented the
4 required minimum for containment provisions.

5 C2.3.1 Pre-1980 Containment Requirements
6 From the beginning of site operations, the Hanford Site emphasized containment of radioactivity and
7 radiological contamination to minimize personnel exposure. Waste containers covered with clean soil in a
8 trench were considered permanently disposed. Most waste containers were single-walled cardboard,
9 concrete, or wooden boxes. Occasionally, loose material, such as soil, would be disposed directly into a

10 trench with no other containment than the trench itself, including the soil backfill placed on top of the
11 waste. Fiberboard and metal drums also were used.

12 Early standards typically stated that wastes were to be handled with minimum exposure to personnel and
13 surroundings. The goal was to follow packaging, handling, transport, and burial procedures in order to
14 minimize personnel exposure and prevent the spread of uncontained radiological contamination to the
15 environment, as stated in one of the earliest site waste disposal specifications published by the Atlantic
16 Richfield Hanford Company (ARHCO), which operated the landfills from 1967 to 1977 (ARH-183,
17 Specifications and Standards for the Disposal of Battelle Northwest Solid Waste). According to
18 ARH-183, "Fissionable and small structural material wastes for burial shall be packaged in types of
19 containers presently used which will contain the contamination and withstand normal transfer and
20 handling without rupture."

21 Additionally, ARH-183 specified that metal containers were required for fissile material as well as toxic
22 materials. Fissile material waste containers were to be sealed, with no requirements for relief of potential
23 gas generation. Items, such as equipment or structural wastes, were to have loose contamination contained
24 with an organic film.

25 In the late 1960s, increasing concern for contaminant release from waste burials to groundwater or the
26 Columbia River led to centralization of disposals in the 200 Area Central Plateau, as far above
27 groundwater and the river as possible within the Hanford Site. The hydrologic conditions on the Central
28 Plateau (soil moisture recharge rates and groundwater movement) were believed to be so benign that
29 disposal there could be considered permanent. Waste disposal standards and requirements, including
30 containment barriers, became more detailed and restrictive as well.

31 ARH- 1842, Specifications and Standards for the Burial of ARHCO Solid Wastes, was prepared in 1970.
32 New requirements outlined in this document included the creation of a TRU waste classification and
33 segregation of TRU wastes from non-TRU, and packaging of TRU wastes to enable retrieval as a
34 contamination free, intact container within 20 years. Containers of waste with contamination that had the
35 potential to become airborne were to have an inner container barrier such as sheet plastic. Solid wastes
36 were to be essentially dry. Damp wastes were to be packaged in an inner waterproof container. Letter
37 directives were also issued in 1970 to waste generators banning usage of wood, cardboard, and fiberboard
38 containers for TRU waste.

39 A requirement for two barriers for waste packages was imposed in October 1977. This requirement was
40 intended to prevent airborne releases to the environment. A variety of barrier types was allowed, from
41 tape-sealed boxes to plastic bags to sealed metal cans. Individual facilities issued specifications and
42 practice guidelines for their own usage within the sitewide standards.
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1 C2.3.2 Post-1980 Containment Requirements
2 The sitewide waste packaging requirements document (RHO-MA-222) was prepared in 1980 and added
3 significant detail to waste package requirements for Hanford Site onsite disposal. TRU waste packages
4 were required to be retrievable, with no loss of containment after 25 years (rather than 20),
5 noncombustible, and smaller than a 208 L (55 gal) drum or equivalent size container. Steel containers
6 were to be 16 gauge or thicker and painted or galvanized. All DOT 17C drums were to be galvanized.
7 Non-TRU waste containers were to be designed to withstand 3.7 m (12 ft) of stacking of similar
8 containers and soil overburden, were required to be fire retardant (with the exception of fiberboard boxes
9 and plastic wrap), and were to incorporate at least two containment barriers. Exceptions to double

10 containment included low-activity wastes, containers meeting DOT drop test and penetration test criteria,
11 and large containers on a case-by-case basis. Wastes with properties that increased potential hazards
12 during handling or burial were given the following additional requirements by RHO-MA-222:

13 e Radioactive animal waste packages were to consist of a 208 L (55 gal) drum, with a 4 mil minimum
14 polyethylene liner to be treated with slaked lime, and were required to contain an absorbent material.

15 e Waste packages for organic liquids or potential for gas generation must withstand the maximum
16 anticipated pressure during storage or be fitted with devices to lower the internal pressure or allow for
17 venting of the package.

18 e Unabsorbed organic liquids were to be placed into a leak tight 18.9 or 37.9 L (5 or 10 gal) sealed
19 container, placed in a galvanized drum lined with a 90 mil polyethylene liner, and the package was to
20 be filled with absorbent material (enough to absorb at least twice the amount of liquid present).

21 e Tritiated waste of less than 20 mCi/ft3 was to be packaged in steel or concrete containers; if greater
22 than 20 mCi/ft3 , the waste was to be sealed in a leak tight container and then placed in a polyethylene
23 or asphalt lined container. Waste packages with greater than 500 Ci of tritiated waste were required to
24 be surrounded by two layers of asphalt.

25 e All mixed waste packages had to contain the most hazardous waste component permanently.

26 e Class B poisons were to be packaged inside at least two containment barriers for transportation and
27 immobilized in concrete for burial.

28 e Asbestos contaminated wastes were to be packaged within at least one layer of 5 mil or thicker
29 polyethylene.

30 Further revisions of RHO-MA-222 added a requirement for retrievably stored TRU waste to be packaged
31 in DOT 17C drums, either galvanized or aluminized, as well as a requirement for venting of any TRU
32 waste with the potential to pressurize the waste package. Similarly, mixed waste packaging requirements
33 became more detailed with stored mixed waste containers to be DOT 17C galvanized or aluminized steel,
34 with high strength plastic containers with a greater than 25-year predicted life also acceptable. The inner
35 barrier of the mixed waste double containment was to be a sealed 4 mil or heavier plastic liner or a 90 mil
36 polyethylene drum liner.
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1 In 1988, the successor document for RHO-MA-222 (WHC-EP-0063, Hanford Radioactive Solid Waste
2 Packaging, Storage, and Disposal Requirements) was released. Requirements, additions, or modifications
3 to requirements were as follows:

4 e Banned wood or cardboard containers for packaging TRU waste

5 e Banned cardboard or fiberboard boxes for LLW (with exceptions of those meeting
6 DOT/U.S. Department of Energy (DOE) requirements, and containing stabilized waste or waste to
7 be compacted)

8 e Triple containment for radiologically contaminated mercury

9 In 1991, a standard waste box (a steel DOT container approximately 94 by 180 by 138 cm, [238 in. by
10 457 in. by 350 in.) was the only waste container other than the DOT 17C drum that would be acceptable
11 for packaging TRU waste certified for disposal at the Waste Isolation Pilot Plant (WIPP).

12 The use of drag-off boxes for LLW disposal was prohibited in 1993. The revision also specified that
13 internal containment for mixed waste was to be a 10 mil nylon reinforced polyethylene fabric, sealed by
14 horsetailing (twisting the ends of the liner and tying them to form a seal).

15 In 1993, detailed requirements were imposed for LLW of Category 1 and 3 activity. Category 3 waste
16 was required to be in a stabilized form or packaged in high integrity containers meeting U.S. Nuclear
17 Regulatory Commission and Hanford Site requirements. A specific high integrity container was not
18 required, but a Hanford Site performance based specification (HS-V-P-0036, High Integrity Container,
19 300 Year) had to be met. Containment barrier requirements have remained stable in subsequent revisions
20 to solid waste acceptance criteria.

21 The most recent version of documentation of requirements is HNF-EP-0063, Hanford Site Solid Waste
22 Acceptance Criteria, Revision 16.

23 C3 Specific Waste Packaging Practices

24 In the late 1960s, the first separate waste acceptance criteria documents (ARH- 183) were written for the
25 200 Area landfills. One document was for the 200 Area wastes, and one was for the 300 Area wastes.
26 These documents provided specifications and standards for industrial wastes and routine radioactive
27 waste generation. These documents provided requirements for both radioactive and chemical hazards
28 control with respect to landfills. Chemical hazardous control was not as rigorous at that time. Waste
29 generators were required to segregate waste according to compatibility and content. Small materials
30 usually were packaged in fiberboard boxes although drums, boxes, and concrete were used. Liquid wastes
31 were acceptable, only if absorbed by an inert absorbent material, sealed in plastic, and packaged in
32 wooden or metal containers. Equipment usually was buried in plastic or boxes when available, or, if
33 determined to be safe, buried without a protective covering. If it was determined that the equipment had
34 levels of contamination and/or radiation doses too high to bury without confinement, equipment usually
35 was wrapped in plastic and, if required, placed in a burial box for disposal. Equipment also was placed in
36 concrete boxes for disposal.

37 In December 1970, ARH-1842 was released shortly after the U.S. Atomic Energy Commission (AEC), a
38 DOE predecessor agency, directed the segregation of TRU wastes. This document stated that generators
39 and operators must segregate and package waste materials containing or suspected of containing
40 plutonium or other TRU radionuclides for containment and retrievability.
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1 Superseding ARH-1842 was ARH-3032, Specifications and Standardsfor the Packaging, Storage, and
2 Disposal ofRichland Operations Solid Wastes, released in 1974. This document classified wastes into
3 four segregation groups: nonradioactive, nonhazardous, and combustible wastes; LLW, non-TRU wastes;
4 TRU wastes; and high-dose-rate wastes. Packages containing less than 200 c/min of beta/gamma and less
5 than 500 d/min of alpha contamination were classified as nonradioactive and could be disposed of in the
6 Central Landfill Facility. Solid wastes containing less than 10 nCi/g of plutonium and/or other transuranic
7 radionuclides were considered LLW and were further divided into combustible and noncombustible
8 wastes, and separately packaged. Solid wastes containing or suspected of containing greater than 10 nCi/g
9 of plutonium and/or other transuranic radionuclides were considered to be TRU waste. Currently, the

10 standard is greater than 100 nCi/g of plutonium and/or other transuranic radionuclides that are considered
11 to be TRU waste. Failed equipment and large items contaminated with transuranic radionuclides were
12 included in this category.

13 The five revisions of RHO-MA-222, issued between 1980 to 1988, established new definitions for waste
14 classes, placed restrictions on waste contents, provided new specifications for container designs, and
15 included other key elements that directly impacted the waste classification system and segregation
16 requirements.

17 C4 Filler Materials

18 Filler materials became an important consideration when waste package void space became a focal point
19 of waste management at the Hanford Site. The addition of nonradioactive materials to fill voids was
20 attractive to improve heat transfer, immobilize radionuclides, reduce gas volume accumulation, increase
21 physical support, and minimize trench overburden subsidence upon waste package collapse.

22 In 1984, Revision 2 to RHO-MA-222 stated that in order to prevent subsidence in Hanford Site landfills,
23 interior void spaces within waste packages of LLW must be minimized. To best accomplish this, a
24 container suited by size and shape to the waste was to be used. After packages were loaded with waste, all
25 interior void spaces were packed with suitable inert and stable fillers. However, no quantitative void
26 volume minimum was given. The following exceptions to void filler requirements were also cited in
27 this document:

28 e Waste to be compacted

29 e Waste expected to collapse during backfilling

30 e Instances where void filling activities would be detrimental to personnel exposure or contamination

31 e Packages with insignificant effect of void space collapse

32 e Other verifiable exceptions

33 Interior void space requirements were restricted to 20 percent or less in the 1985 revision to
34 RHO-MA-222, and only inert filler materials were to be used. Exceptions to void space requirements
35 included high-efficiency particulate air filters, packages with void space less than 0.042 m3 (1.5 ft3),
36 heavy-walled pressure vessels, and concrete burial boxes with design lives of greater than 300 years.
37 Mixed waste packages accepted for storage were exempt from void space filler requirements.

38 Although no void space provisions were imposed for TRU waste, WHC-EP-0063 (Revision 0) stated that
39 bulky or heavy items were to be blocked inside the container to prevent shifting.
40
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1 In 1990 void space was restricted to 10 percent or less in waste packages destined for disposal.
2 The following materials were listed as approved void space fillers for waste packages:

3 e Diatomaceous earth

4 e Soil, sand, and lava rock

5 e Tightly packed cellulose matter

6 e Clay

7 e Concrete, cement, and grout

8 e Gravel

9 e Other approved materials

10 e Pyrofoam (added in 1993)

11 Beginning in 2003, filler material lists have not been included in waste disposal requirements. Waste
12 generator specifications for filler materials are approved by the Hanford Site, and the generator has the
13 responsibility to meet those specifications.

14 With an increased knowledge about certain types of waste, new and more specific packaging practices
15 were developed for these waste types. The guidelines for waste packaging have changed throughout time.
16 Table C-I summarizes the changes in packaging since 1967.

17 Before the late 1960s, no state or federal regulations dictated segregation requirements for packaging
18 waste for burial at the Hanford Site. Attempts were made to package waste to minimize personnel
19 exposure and prevent the spread of uncontained radiological contamination to the environment; however,
20 these were not set guidelines and were done at the discretion of the generator.

Table C-1. Historical Waste Packaging Practices

Date Packaging Procedures (Generalized)

Pre-1967 Before the late 1960s, there were no state or Federal regulations on the packaging of waste for burial
at the Hanford Site. There were attempts to package waste to minimize personnel exposure and
prevent the spread of uncontained radioactivity to the environment; however, these were not set
guidelines and were done at the discretion of the generator (WHC-EP-0845).

Waste packaging practices during the 1940s, 1950s, and early 1960s depended primarily on the size
and type of waste being packaged. Small materials consisting mainly of dry waste generally were
placed in small cardboard containers, which then were placed in larger cardboard cartons for burial.
Equipment generally was buried in wooden boxes.

1967 Liquid waste was accepted when absorbed by an inert absorbent material. Deceased laboratory
animals or other materials attractive as food for wildlife had to be sealed in plastic and packaged in
wooden or metal containers that prevented retrieval of the buried material by wildlife.

1974 Battelle Northwest packaged carcasses in a waterproof inner container with sufficient inert absorbent
material to completely absorb the liquid as the carcasses decayed. The waste was also treated with a
material, such as unslaked lime, to suppress gas generation during decay, thus ensuring that the
integrity of the approved outer container was maintained.

1977 Damp and wet waste was permitted only when vaporization would not pressurize or corrode the
container. Containers had to withstand the credible internal pressures generated by the waste or be
fitted with pressure modifying devices. Animal carcasses, since they contained liquid organics, were
considered organic liquid waste and were not accepted.
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Table C-1. Historical Waste Packaging Practices

Date Packaging Procedures (Generalized)

1980 Liquid organic waste (flashpoint greater than 150'F) was acceptable for retrievably stored waste if
properly packaged. Liquid organic waste was to be placed, unabsorbed, into a seal-tight container
(preferably 19 to 38 L [5 to 10 gal]). The inner container was overpacked into a 208 L (55 gal) drum
with a rigid 4 mil polyethylene liner. The drum was filled to the top with acceptable absorbent
necessary to completely absorb the liquid if the inner container was breached.

1982 To meet specifications, no more than 1.7 L of organic waste was transferred to a poly-bottle.
The poly-bottle was vented and contained two absorbent pads. The filled poly-bottles were sealed into
vented and filtered polyethylene bags. The bagged poly-bottles then were packaged for 20-year
retrievable storage.

1987 A volume of diatomaceous earth was added equaling 4 times the estimated volume of a liquid.

Present For liquid containing waste where condensate could form in inner plastic packaging (e.g., bags)
subsequent to packaging, the condensate shall be eliminated to the maximum extent practical by
placing sorbents within the inner plastic packaging (HNF-584 1). The type and amount of sorbent
required shall be in accordance with Appendix E of HNF-EP-0063. In any case, the amount of liquid
may not exceed 1 percent of the volume of the waste or 0.5 percent of waste processed to a stable
form (DOE M 435.1-1).

Residual liquids in large debris items shall be sorbed or removed. In cases where it is not practical to
remove suspected liquids and it is impossible to sample to determine if liquids are present, the liquids
shall be removed to the maximum extent possible by draining suspected liquids at low points and
placing an adequate amount of sorbent around each item (HNF-584 1). In any case, the amount of
liquid cannot exceed 1 percent of the volume of the waste (DOE M 435.1-1).

Sources:

DOE M 435.1-1, Radioactive Waste Management Manual.

H NF-584 1, Low Level Burial Grounds Waste Analysis Plan.

H NF-EP-0063, Hanlbrd Site Solid Waste Acceptance Criteria.

WHC-EP-0845, Solid Waste Management History of the Hanlbrd Site.

C5 Radioactive Waste Disposal Practices

The disposal of radioactive waste at the Hanford Site first came under the authority of DOE Order
5820.2A, Radioactive Waste Management, in 1988 and DOE 0 435.1 in 1999 (discussed further in
Section 1.3 of the main text).

C6 Drag-Off Boxes

Drag-off boxes were used from the earliest days at the Hanford Site. The first boxes were made of wood,
placed in the trench, and covered with soil. Drag-off disposals were typically performed in landfills
located next to railroad tracks. A cable was connected to a drag-off box at the location where the waste
was generated and stretched along spacer railcars, which were used to keep the train crew at a safe
distance from the radioactive box. When the train reached the burial site, a tractor in the landfill dragged
the box to the end of a trench.

The early wooden boxes often collapsed after disposal. In cases where a large radiation field was present,
this occurrence could overexpose workers. Some drag-off boxes failed while they were being pulled to
the end of the trench, potentially overexposing workers. The boxes were redesigned and eventually
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1 upgraded to the concrete burial box that became standard (WHC-EP-0912, The History of the 200 Area
2 Burial Ground Facilities). The concrete boxes were not designed for retrieval but were intended to be the
3 final repository for the waste (WHC-EP-0645, Performance Assessmentfor the Disposal ofLow-Level
4 Waste in the 200 West Area Burial Grounds).

5 C7 Liquid Wastes

6 For the 200-SW-2 OU landfills, a review of historical records (Waste Information Data System) has
7 shown that bulk disposal of liquid waste was not a significant contributor to the waste loading at sites
8 receiving LLW (see also HW-77274, Burial ofHanford Radioactive Wastes).

9 C7.1 Disposal of Liquid Organic Waste in Hanford Site Landfills

10 Nearly all contaminated liquids from Hanford Site processing facilities have been routed to ponds, cribs,
11 ditches, underground storage tanks and, in more recent times, onsite liquid effluent treatment facilities.
12 Historical landfill records reviewed to date (including SWITS, site drawings, and other documents)
13 indicate that only a very small fraction of contaminated liquids, including some organic liquids, may have
14 been packaged and disposed of in some 200 Area landfills or specific trenches.

15 Because landfills were intended for solid waste (dry) disposal, liquids disposed to landfills were contained
16 and typically packaged with absorbents to immobilize liquids. Liquid wastes normally were directed to
17 liquid waste disposal facilities rather than landfills.

18 Existing records associated with potential disposal of liquids in landfills are complex and unique to each
19 landfill. Evaluation of these records is complicated by several factors. For instance, detailed individual
20 disposal records for wastes disposed from 1944 to 1960 do not exist for all portions of the landfills that
21 were active during that period. However, certain field logbooks from the 1940s to the 1960s indicate the
22 possible inclusion of liquids. SWITS includes data fields for solid/liquid waste, but the descriptions of
23 chemical constituents were not entered in all cases. While some of the engineering drawings for the
24 landfills also identify portions of some trenches as "low-level waste and mixed waste with liquid" or as
25 "transuranic and mixed waste with liquid," details on the chemical makeup of the buried liquids typically
26 are not provided in the historical records.

27 C8 Waste Characteristics

28 C8.1 Radioactive

29 Estimated quantities of plutonium and uranium that were disposed into each of the 200-SW-2 OU
30 landfills are summarized in the conceptual site models in Appendix D. The estimated quantities are based
31 on process knowledge of the waste stream going to the particular landfill, official burial records, and as
32 reported in SWITS. Based on these sources, Landfill 218-W-2 received the largest quantity of plutonium.
33 Over 90 percent of the mass of plutonium is disposed of in just four landfills: 218-W-1, 218-W-2,
34 218-W-3, and 218-W-4A, which received the largest quantity of uranium.

35 C8.2 RCRA Waste

36 At the time that many of the Hanford Site wastes were generated, no definitions or regulations governed
37 the final disposition of chemical constituents. In the early 1980s, low-level liquid organic waste was
38 banned from land disposal at the Hanford Site landfills (WHC-EP-0912). Although many of these
39 constituents subsequently have been classified as hazardous or dangerous wastes by the
40 U.S. Environmental Protection Agency (EPA) and Washington State Department of Ecology (Ecology),
41 only waste disposed of after RCRA regulations went into effect is subject to active management as mixed,
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1 hazardous, or dangerous. Where regulated chemical and radioactive constituents are combined in a waste
2 form, waste disposed of (after RCRA regulations went into effect) is subject to management as "mixed
3 waste." Ecology has regulated mixed waste since August 19, 1987, the date that RCW 70.105.109,
4 "Regulation of Wastes with Radioactive and Hazardous Components," went into effect.

5 In 1987, DOE issued the "byproduct rule," which clarified its position on the hazardous components of
6 mixed waste to be regulated by RCRA (10 CFR 962, "Byproduct Material," and 52 FR 15937,
7 "Radioactive Waste, Byproducts Material Final Rule"). On November 23, 1987, EPA authorized Ecology
8 to regulate the hazardous constituents of mixed wastes at the Hanford Site (52 FR 35556, "Final
9 Authorization of State Hazardous Waste Management Program; Washington").

10 C9 Transuranic Waste

11 AEC initially defined TRU waste as "wastes with known or detectable contamination of transuranium
12 nuclides." In March 1970, The AEC Immediate Action Directive 0511-21, Policy Statement Regarding
13 Solid Waste Burial (AEC, 1970), directed AEC sites to segregate TRU waste and place it in retrievable
14 storage that would allow the waste to be retrieved within 20 years. Before this date, no effort was made to
15 segregate TRU waste from LLW or to make waste retrievable. The Hanford Site used 1 nCi/g as the
16 dividing point between LLW and TRU waste.

17 In 1973, the TRU waste segregation limit was established at 10 nCi of transuranic isotopes per gram.
18 In 1982, the limit was changed to 100 nCi/g. This limit was enacted by Congress in 1992. Because of the
19 changing definition of TRU waste, and lack of facilities to measure the transuranic content of the waste,
20 wastes generated and stored between 1970 and 1982 could contain less than the current threshold of
21 100 nCi/g for defining TRU waste. This waste has been termed suspect TRU because some of this waste
22 may have been erroneously designated as LLW following radiological characterization. Consequently, the
23 waste was categorized as TRU by waste process knowledge rather than by assay. All remote-handled
24 RSW (drum and box) is considered suspect because the capability to determine (by assay) the TRU waste
25 content of these containers did not exist at the Hanford Site or DOE complex. When the Tri-Party
26 Agreement (TPA) (Ecology et al., 1989) M-091 Milestones were revised in 2003, the term retrievably
27 stored waste (RSW) was defined to refer to what was primarily termed suspect TRU waste.

28 C9.1 Transuranic Waste Packaging

29 Before the 1970s, there was no separate designation of radioactive waste as TRU waste. Since 1970, TRU
30 waste has been set aside for disposal at WIPP. To indicate the segregation of TRU waste from LLW,
31 some facilities used color-coded drums. For a period, yellow drums were used to package LLWs, and
32 black drums contained TRU waste. At the 200 Area, color-coded drum lids indicated the segregation of
33 hood waste from room waste. Hood wastes were generated inside processing hoods and were considered
34 highly contaminated with plutonium. Room wastes were generated from operations outside the processing
35 hoods and were considered potentially contaminated with plutonium. Solid wastes were segregated into
36 combustible hood waste, combustible room waste, and noncombustible hood and room waste.
37 Combustible hood waste was composed of material such as plastic, rubber, rags, and cardboard.
38 Combustible hood waste, combustible room waste, and noncombustible hood and room waste were
39 placed in drums with yellow lids, silver domes, and red domes, respectively.

40 C9.2 TRU Waste Storage

41 In accordance with DOE Order 5820.2A, TRU wastes were segregated into combustible and
42 noncombustible wastes. At the time that DOE Order 5820.2A was in effect, the wastes were segregated
43 based on potential future processing requirements. Drums were used for the smaller TRU items while
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1 boxes were used for the larger TRU items or equipment pieces. Separate storage facilities and trenches
2 were designed for TRU waste storage. Solid TRU waste was packaged, stacked, and stored in trenches
3 with an earth, gravel, plywood, concrete, or asphalt pad foundation. Drummed items were stored on
4 asphalt pads, in underground trenches, while hot cell wastes were placed in caissons. Boxed larger items
5 also were stored primarily in trenches. TRU wastes that were unsuitable for asphalt pad or caisson storage
6 because of size, chemical composition, security requirements, or surface radiation were packaged in
7 reinforced wood, concrete, or metal boxes. High-dose-rate solid wastes were defined as wastes that
8 emitted high levels of beta and gamma radiation. This waste typically included failed equipment from
9 B Plant, tank farm operations, and other activities. Small high-dose-rate items were transported to the

10 caissons or trenches. Large items or failed equipment were buried in industrial waste trenches.

11 In the late 1970s, more specific packaging procedure requirements were introduced. Multiple containment
12 barriers were required in waste packaging. Additionally, more concern was given to void spaces left in
13 waste packages and the increased use of filler materials. As time passed, the regulations became more
14 focused, and waste disposal followed more rigorous standards.

15 C9.3 Retrievably Stored Waste

16 In this work plan, the term RSW is used to be consistent with the current TPA (Ecology et al., 1989)
17 Milestone M-091 definition as follows: RSW is waste that is or was potentially contaminated with
18 significant concentrations of transuranic isotopes when it was placed in the 218-W-4B, 218-W-4C,
19 218-W-3A, and 218-E-12B Landfill trenches after May 6, 1970. During the retrieval process, containers
20 of RSW will be segregated into two categories: contact-handled RSW and remote-handled RSW.
21 Subsequent analysis and categorization of RSW pursuant to RCRA; RCW 70.105, "Hazardous Waste
22 Management;" the Atomic Energy Act of 1954, and the Waste Isolation Pilot Plant Land Withdrawal Act,
23 will result in most or all of the waste being classified as one of the following types:

24 e Contact-handled LLW

25 e Remote-handled LLW

26 e Contact-handled mixed low-level waste (MLLW)

27 e Remote-handled MLLW

28 e Contact-handled TRU

29 e Contact-handled transuranic mixed (TRUM)

30 e Remote-handled TRU

31 e Remote-handled TRUM

32 RSW does not include waste in containers that have deteriorated to the point that they cannot be retrieved
33 and stabilized (e.g., placed in overpacks) in a manner that would allow them to be transported and
34 designated without posing significant risks to workers, the public, or the environment. With respect to any
35 such containers, and with respect to any release of RSW, the decision as to how to move forward will be
36 determined through the cleanup process set forth in RCRA, RCW 70.105, and/or the Comprehensive
37 Environmental Response, Compensation, and Liability Act of 1980, as appropriate. Those processes may
38 result in additional requirements for the remediation of such wastes.

39 C9.4 Segregated Waste

40 From 1944 to 1970, waste was not segregated (referred to as unsegregated waste in this work plan).
41 Unsegregated radioactive wastes were disposed of through shallow land burial, including some
42 alpha-contaminated wastes. Records and inventories of waste disposal practices from this period are
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1 incomplete. The records that exist indicate the general types of wastes disposed, an estimate of uranium
2 and plutonium inventories, and a very general indication of some of the types of currently regulated
3 materials that may have been disposed to a particular site (e.g., silver, boron, nitrate, uranium, and lead).
4 The disposal site was considered to be the location for final disposition of solid wastes. Packaging was
5 designed for transport, with little regard for long-term integrity; early radiological waste, including most
6 early alpha-contaminated waste, usually was wrapped in burlap or paper or contained in metal, concrete,
7 or wooden or cardboard boxes. Early industrial wastes with high dose rates (e.g., process tubes and
8 jumpers) often were packaged in concrete boxes or large concrete tombs to mitigate landfill handling
9 problems. Some smaller, lower dose rate wastes were dumped directly from trucks into trenches with no

10 packaging. Early wastes were more rarely packaged in 208 L (55 gal) drums or steel boxes and cans.
11 The practice of using durable containers rather than cardboard or wooden boxes became more common
12 over time. The use of cardboard boxes for disposal to the landfills was discontinued in 1984
13 (WHC-EP-0912). The waste was considered dry waste and did not contain significant volumes of liquid
14 (e.g., HW-77274). Numerous alternatives were available for disposal of large volumes of liquid
15 (e.g., cribs, trenches, ditches, underground storage tanks, and reverse wells); therefore, the early landfills
16 were not used for disposal of bulk liquids. Occasionally, small volumes of bottled, highly contaminated
17 liquids were placed inside a 208 L (55 gal) drum, and the drum was filled with concrete to provide
18 shielding and stabilize the liquid waste (DOE/RL-96-8 1, Waste Site Groupingfor 200 Areas Soil
19 Investigations).

20 Before 1965, wastes were covered with approximately 0.6 m (2 ft) of soil. Since 1965, these wastes were
21 covered with approximately 1.2 m (4 ft) of soil cover but, by the late 1960s, the standard was changed to
22 approximately 2.4 m (8 ft). After 1967, all alpha-contaminated wastes from the 105-N Reactor and
23 300 Area were sent to the 200 Area for disposal (DOE/RL-96-8 1). Since the mid-1960s, increasing
24 attention to reducing potential contamination to groundwater led to a decision to send all LLW from all
25 Hanford Site facilities for burial within the 200 Area, 60 to 90 m (200 to 300 ft) above groundwater.
26 The last 300 Area landfill (618-7 Burial Ground) was closed in 1972. The last 100 Area landfill closed in
27 1973 (WHC-EP-0912).

28 Since 1970, approximately 37,400 RSW containers have been placed in retrievable storage at the
29 Hanford Site. The majority of these waste containers (about 26,200 drums) were stacked vertically on
30 asphalt pads in earth-covered trenches in the 200 Area landfills. Some containers of TRU waste have been
31 retrieved. Of these, some have been processed while others are in aboveground storage in the Central
32 Waste Complex (CWC), which is a RCRA TSD unit. Retrieved waste containers determined to be TRU
33 have been or will be moved to interim storage at CWC or another permitted storage unit where they enter
34 the TRU program, which is responsible for processing and certification of the waste for shipment to
35 WIPP for disposal. It is estimated that approximately 50 percent of the retrieved waste will contain less
36 than 100 nCi/g of transuranic material and will be determined to be MLLW or LLW. This waste will
37 be transported to a permitted TSD unit or to the Environmental Restoration Disposal Facility to be treated
38 and disposed of in accordance with applicable regulatory requirements.

39 RSW retrieval from the landfills has been performed in several stages. A pilot retrieval program
40 conducted in 1993 and 1994 recovered 23 waste drums and transferred them to CWC. The purposes of the
41 pilot program were to measure drum corrosion rates and develop other information for planning future
42 retrieval operations. In 1996, an additional 306 suspect TRU waste drums were removed from storage in
43 the low-level burial ground and transferred to CWC. Additional retrieval campaigns were performed
44 between 1999 and 2010 recovering about 24,700 containers (total for all campaigns) and sending them to
45 CWC. From CWC, waste undergoes processing for final disposal to WIPP or other appropriate facilities,
46 as described in the previous paragraph. The waste is often repackaged into multiple containers as part of
47 the retrieval and processing, so the number of containers that has been processed is more than the total
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1 retrieved even though some of the retrieved waste is still at CWC awaiting disposition. Of a total volume
2 of approximately 14,940 m3 (527,600 ft3) of RSW in 200-SW-2 OU landfills, about 11,970 m3

3 (422,716 ft3) have been retrieved to date (2015).

4 C10 High Radiation Dose Rate Waste

5 The term high radiation dose rate has been defined consistently by DOE and its predecessor agencies, the
6 Energy Research and Development Administration and the AEC, and its sister agency, the U.S. Nuclear
7 Regulatory Agency, since 1957. As currently stated in 10 CFR 835.2(a), "Occupational Radiation
8 Protection," "Definitions," "High radiation area means any area, accessible to individuals, in which
9 radiation levels could result in an individual receiving a deep dose equivalent in excess of 0.1 rem

10 (0.00 1 sievert) in 1 hour at 30 cm (76 in) from the radiation source or from any surface that the radiation
11 penetrates."

12 Over time, the 200-SW-2 OU landfills have accepted high radiation dose rate items. Waste acceptance
13 criteria have varied over time but, in general, have been defined as follows (WHC-EP-0845, Solid Waste
14 Management History of the Hanford Site):

15 e Before 1980, dry waste landfills generally were restricted from receiving waste with surface dose
16 rates over 100 mrem/h. However, packages were evaluated on an individual basis, depending on
17 container integrity and method of handling, and some surface dose rates are considerably higher.
18 Industrial waste landfills typically received waste with surface dose rates over 100 mrem/h.

19 e Since 1980, limits for surface dose rates of non-TRU contact-handled waste in the landfills varied
20 from 200 to 500 mrem/h (the limit varied over time and was dependent on the container type
21 and size).

22 e Since 1980, limits for surface dose rates of non-TRU remote-handled waste in the landfills varied
23 from 3,000 to 5,000 mrem/h (the limit was dependent on the transport vehicle).

24 9 Waste acceptance criteria (HNF-EP-0063) in effect for the 200-SW-2 OU landfills when they ceased
25 operations in 2004 stated that containers with dose rates less than or equal to 200 mrem/h at contact
26 and less than 100 mrem/h at 0.3 m (1 ft) were acceptable. Packages larger than 208 L (55 gal) could
27 have a marked point on the bottom or side with a surface dose rate up to 1,000 mrem/h.
28 Contact-handled containers exceeding these limits required container-specific review and approval.

29 * Remote-handled waste was defined as packaged waste whose external surface dose rate exceeds the
30 limits for contact-handled waste. It was accepted until 2004 at the 200-SW-2 OU landfills if approved
31 through both a waste stream profile sheet and a container-specific shipment. Remote-handled waste
32 was required to meet the applicable DOT dose rate restrictions or an approved package-specific safety
33 document for transport. Remote-handled waste was required to be configured for unloading such that
34 personnel exposures are maintained as low as reasonably achievable.

35 Waste is no longer accepted for disposal in the 200-SW-2 OU landfills. Landfill 218-W-5, trenches 31
36 and 34, are designed and permitted for RCRA compliant waste disposal. Both trenches are out of scope of
37 the 200-SW-2 OU Work Plan.

38 C11 Caissons

39 Caissons were typically designed to receive remote-handled high-dose-rate and TRU wastes. However, in
40 practice, many items in the caissons have relatively low dose rates. Approximately 750 of the 1,000 items
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1 in the non-TRU caissons have dose rates of less than 200 mrem/h (SWITS). Several types of caissons
2 historically were used in the 200 Area at the Hanford Site.

3 Alpha and MFP caissons received wastes that were transported to the caisson in a truck mounted cask that
4 was shielded. The waste generally was packaged in 19 L (5 gal) paint cans. Caissons consisted of
5 concrete/steel chambers set below ground surface (bgs), with an associated offset steel riser pipe through
6 which waste packages were dropped into the caisson. Caissons typically are ventilated to reduce
7 exposures to personnel depositing the waste packages. The offset steel riser pipes also provided protection
8 from direct radiation exposure from the waste below.

9 A type of caisson called a vertical pipe unit was configured in one of two ways: as a 14.6 m (48 ft) below
10 grade, 76 cm (2.5 ft) diameter vertical steel casing (e.g., those in the 218-W-4A Landfill, near the end of
11 Trench 18), or by welding together two to five open ended 208 L (55 gal) drums end to end and setting
12 them vertically in the ground (e.g., those in the 218-W-4A Landfill, Trench 16) (BHI-00175).

13 C11.1 Caissons in the 218-W-4B Landfill

The caissons in the 218-W-4B Landfill were used for the
disposal of alpha- and MFP-containing waste. These
caissons are further detailed in the following paragraphs.
This information is currently judged (RHO-65463-80-126,
"Inconsistencies in 218-W-4B Site Data") to be the most
accurate based on the available information.

Six general caissons (also called dry waste or MFP
caissons), 218-W-4B-C1 through 218-W-4B-C6 in the
218-W-4B Landfill, which contains LLW, were filled from
1968 to 1979. Dry waste or MFP-type caissons are 2.4 m
(8 ft) in diameter and 3.1 m (10 ft) high. According to the
Waste Information Data System, two of these caissons were
constructed the same way as the alpha caissons but with
corrugated metal instead of steel and concrete. The last
shipment of caisson waste to the 218-W-4B Landfill was
deposited into MFP Caisson 6 in 1990 (Figure C-2).

4.3
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Caissons 218-W-4B-CA1 through 218-W-4B-CA5 '
(also called alpha caissons) were planned for TRU waste. Figure C-2. Diagram of Caisson

From 1970 to 1988, retrievably stored TRU waste was with Blower

placed in four of the five caissons. The caissons have been
isolated; one caisson (Alpha 5) has not been used. The five alpha caissons are approximately 2.7 to 3 m
(8.75 to 10 ft) diameter, 3 m (10 ft) high concrete and steel covered vaults with steel lifting lugs and a
0.9 m (3 ft) diameter access chute. The alpha caissons weigh approximately 11,800 kg (26,000 lb)
(Figure C-3).

One caisson (218-W-4B-CU1) is referred to in the literature as a United Nuclear Industries (UNI)
belowgrade silo-type caisson, used for high-activity N Reactor LLW. The UNI silo-type caisson is 3 m
(10 ft) in diameter and 9.2 m (30 ft) tall with corrugated pipe containers placed on a concrete foundation
with a top concrete shielding slab. The caisson has a 1.1 m (3.5 ft) diameter access chute. Waste is placed
beneath a concrete slab 4.6 m (15 ft) below grade. The chute of this caisson was plugged shortly after it
began receiving waste. The caisson was taken out of service after the plugging event occurred and
contains only two waste packages (SWITS; WHC-EP-0912) (not pictured).
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1 All three caisson types in the 218-W-4B Landfill are equipped
2 with air filter systems (Figures C-2 and C-3 and the
3 UNI caisson, which is not pictured).

4 Starting from the southeast corner of the landfill, the caissons
5 in order are 218-W-4B-C1, 218-W-4B-C2, 218-W-4B-CU1,
6 218-W-4B-C6, 218-W-4B-CA3, 218-W-4B-C5,
7 218-W-4B-C3, 218-W-4B-CA4, 218-W-4B-CA2,
8 218-W-4B-CA5, 218-W-4B-CA4, and 218-W-4B-CA1
9 (DOE/EIS-0286F, Final Hanford Site Solid (Radioactive and

10 Hazardous) Waste Program Environmental Impact
11 Statement).

12 Although sources conflict on the placement of the caissons,
13 this order is based on the literature consensus. No additional
14 waste placement is planned for any of these caissons.

15 C11.2 Vertical Pipe Units in the 218-W-4A Landfill

16 The 218-W-4A Landfill contains 21 miscellaneous dry waste
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Concrtt 31

Fill.,

- Figure C-3. Diagram of Caisson
without Blower

trenches oriented east to west and 6 or 8 vertical pipe units or caissons. The vertical pipe units were
installed near the east end of Trench 16 and consist of two to five 208 L (55 gal) drums welded together
with the lids and bottoms removed. They were placed
4.6 m (15 ft) bgs. Figure C-4 depicts a typical vertical
pipe unit configuration. Two deeper caissons may be
located between Trenches 17, 18, and 19
(RHO-CD-673, Handbook 200 Areas Waste Sites).

backfil

012 Class B Poisons

Class B poisons are a focus of disposal because of the N-22i-h

effects the poisons had on the environment and
personnel safety. Solid waste containing Class B gmh

poisons was packaged in double containment. Small
quantities were placed in small containers, which then
were placed in storage or disposal containers, and the
small containers were fixed or surrounded by concrete Co nete footing5

on all sides. In 1980, it was determined that packaging ""-"

for larger quantities would be approved on a Figure C-4. Diagram of Vertical Pipe Unit
case-by-case basis. In the mid-1980s, mercury
(a specific Class B poison) was confined in a concrete culvert, and the culvert then was placed in a drum.
It was common to fill the space around the culverts with bagged poly bottles and other items. In 1992,
Pacific Northwest Laboratory packaged liquid metallic mercury in a polyethylene or glass container with
a screw-type lid.

39 C12.1 Sodium and Alkali Metals

Before 1977, no documented packaging requirements existed for sodium and alkali metals. Beginning in
1977, special approval was required of any waste package containing sodium or other alkali metal.
Unreacted alkali metal in solid waste was not accepted for disposal. The shipper had to specify quantities,
concentrations, and contamination levels of each alkali metal to ensure that the appropriate methods of
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1 handling, storage, and/or disposal were used. The requirements established in 1977 for sodium and alkali
2 metals are being observed today.

3 C12.2 Oxidizing and Corrosive Materials

4 Oxidizing and corrosive materials are of special interest because they break down the integrity of the
5 container in which they are packaged. During the breakdown of the containers, gases are generated. It was
6 not until the late 1960s that oxidizing material was prohibited from being packaged with combustible
7 wastes or in combustible containers. Rags used to clean up oxidizing materials had to be well rinsed to
8 remove all oxidizing materials before they were discarded. Beginning in 1984, wastes containing
9 corrosives were to be treated to eliminate their corrosive properties and form a chemically stable

10 compound, or they were packaged for the storage container not to be exposed to the corrosive agent
11 during its 25-year design life. To enhance the corrosive protection, the interior and exterior of the waste
12 containers were galvanized or painted with a two-component epoxy-polyamide paint system or
13 functionally equivalent paint.

14 C13 Tritiated Waste

15 Beginning in the early 1980s, procedures were introduced for packaging tritium wastes. Tritiated waste,
16 including tritium oxide in liquid form, was to be packaged in steel or concrete containers. Waste
17 containing tritium or tritium oxide was absorbed on silica gel, packaged in leak-tight 3.8 L (1 gal) metal
18 cans, surrounded by asphalt, and packaged in 208 L (55 gal) drums. Waste packages with heat output
19 greater than 3.53 W/m3 required a special thermal analysis to determine whether special separation
20 distances were required for the waste in the landfill trench. In 1993, tritium waste was defined as waste
21 containing greater than 20 mCi of tritium/m3 of waste, and its disposal requirements changed as follows:

22 e Tritiated waste, with greater than 100 Ci tritium/m 3 in either absorbed liquids or solids, was to be
23 sealed in one layer of 4 mil (nominal) or thicker polyethylene and disposed of in a steel or
24 concrete package.

25 e Containment systems for tritiated waste, with greater than or equal to 100 Ci tritium/m 3, were to be

26 documented in the storage or disposal approval record.

27 C14 References

28 10 CFR 835.2, "Occupational Radiation Protection," "Definitions," Code ofFederal Regulations.
29 Available at: http://www.gpo.gov/fdsys/pkg/CFR-2010-title10-vol4/xml/CFR-2010-title10-
30 vol4-sec835-2.xml.

31 10 CFR 962, "Byproduct Material," Code ofFederal Regulations. Available at:
32 http://www.gpo.gov/fdsys/pkg/CFR-2010-title10-vol4/xml/CFR-2010-title10-vol4-
33 part962.xml.

34 52 FR 15937, "Radioactive Waste, Byproducts Material Final Rule," Federal Register, Vol. 52, p. 15937,
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i Landfill Plates

2 Please see accompanying compact disk for the following landfill plates:

3 e 200 West and 200 East (shows proposed characterization for all landfills in 200-SW-2)

4 e 218-C-9

5 e 218-E-1

6 e 218-E-2, E-2A, E-4, E-5, E-5A, and E-9

7 e 218-E-8

8 e 218-E-10

9 e 218-E-12A

10 e 218-E-12B

11 e 218-W-1

12 e 218-W-1A

13 e 218-W-2

14 e 218-W-2A

15 e 218-W-3

16 e 218-W-3A

17 e 218-W-3AE

18 e 218-W-4A

19 e 218-W-4B

20 e 218-W-4C

21 e 218-W-5

22 e 218-W-11
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Terms

bgs below ground surface

COC contaminant of concern

CPS counts per second

CSM conceptual site model

DOE U.S. Department of Energy

EMFLUX passive soil gas sampling device

EMI electromagnetic induction (geophysical method for locating metallic
anomalies in landfill)

ERT electrical resistivity tomography (geophysical method for locating fluid data)

FY fiscal year

GPR ground-penetrating radar (geophysical method for delineating trench
boundaries and locating metallic anomalies)

IC institutional control

LLW low-level waste

MASW multi-channel analysis of surface waves (eophysical method for locating
preferential flowpaths)

MFP mixed fission products

OU operable unit

PFP Plutonium Finishing Plant

PUREX Plutonium-Uranium Extraction (Plant or process)

RCRA Resource Conservation and Recovery Act of 1976

REDOX Reduction-Oxidation (Plant)

RI/FS remedial investigation/feasibility study

RSW retrievably stored waste

SAP sampling and analysis plan

STS surface-to-surface (electrical resistivity; geophysical method for location of

fluid data)
SVE soil vapor extraction

SWITS Solid Waste Information and Tracking System

TDEM time domain electromagnetics
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TMF

Tri-Party Agreement

TRU

UPR

USG

Voc

WAC

WIDS

total magnetic field

Hanford Federal Facility Agreement and Consent Order

transuranic

unplanned release

unsegregated waste

volatile organic compound

Washington Administrative Code

Waste Information Data System

I
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1 Glossary

2 Burial Ground: At the Hanford Site, a burial ground is synonymous with the term landfill. Many of the
3 200 Area landfills that are part of the 200-SW-2 Operable Unit (OU) used the term burial ground as part
4 of the formal name (e.g., Equipment Burial Ground 2; also called 218-E-2). A 200-SW-2 burial ground
5 typically had defined disposal trenches used for disposal of solid waste. Trench dimensions varied, based
6 on the type of waste being disposed.

7 Caissons: Engineered metal and concrete structures embedded in the landfills. They served as an
8 additional disposal container for wastes that required unusual shielding because of high radioactivity.

9 Curie Content: The quantity of beta gamma curies decayed to 2015 compared to the other landfills.
10 'Low' means the curie quantity is one of the lowest amongst the landfills. 'Moderate' means the curie
11 quantity is in the middle. 'High' means the curie quantity is one of the highest compared to the other
12 landfills.

13 Disposal Pond: Liquid disposal site for liquid effluent from past Hanford production facilities.

14 Episodic Water: Water that has accumulated on a solid disposal waste site due to weather conditions
15 (flooding due to rapid snowmelt) or due to a breach in a nearby liquid waste disposal site.

16 Green Islands: Landfill locations containing dangerous waste regulated under the Resource
17 Conservation and Recovery Act of 1976. The Green Island phrase originates from the fact that the
18 locations of dangerous waste are marked with green spots on the maps of the landfills.

19 Landfill: As defined in WAC 173-303-040, "Dangerous Waste Regulations," "Definitions," 1 a disposal
20 facility, or part of a facility, where dangerous waste is placed in or on land and which is not a pile, a land
21 treatment facility, a surface impoundment, or an underground injection well; a salt dome formation, a salt
22 bed formation, an underground mine, a cave, or a corrective action management unit. The performance
23 standards for disposal facilities under DOE 0 435.1, Radioactive Waste Management, are functionally
24 equivalent to the Washington Administrative Code (WAC) requirements for landfills.

25 Hydraulic Driving Force: A landfill is considered to have been subjected to a hydraulic driving force if
26 any portion of it was covered with water due to a weather-related flood or because of
27 proximity/colocation with a liquid disposal site. The water may have covered the area before or after
28 emplacement of solid waste. Large volumes of water have the potential to drive contamination deeper into
29 the vadose zone than in sites that have remained dry.

30 N/A: Not available. Designation is used for "soil gas detection" when no soil gas sampling was
31 performed for a specific landfill.

32 Rank: A categorization of each landfill that indicates how a landfill compares with others with respect to
33 a particular parameter. For example, a landfill ranked number one for plutonium content has the most
34 plutonium of all the landfills.

35 Record Quality: The relative amount of landfill disposal records compared to other landfills. 'Poor'
36 records means relatively few records are available. 'Moderate' means there is some missing information

1 WAC 173-303-040, "Dangerous Waste Regulations," "Definitions," Washington Administrative Code, Olympia,
Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303-040-
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1 but available records provide a decent amount of data. 'Good' means there is a good written history of the
2 contents of the landfills.

3 Retrievably Stored Waste: Waste packaged and stored in a manner that allows retrieval at a future time.
4 TRU waste was not retrievably stored until May 1970. The term distinguishes between retrievably stored
5 TRU waste (post-1970) and pre-1970 transuranically contaminated material.

6 Subsidence: A downward movement within the ground due to disturbed soil, burial box collapse, or other
7 landfill conditions.

8 Transuranic (TRU) Waste: Radioactive waste (generated since 1970) containing more than 100 nCi
9 (3,700 Bq) of alpha-emitting transuranic isotopes per gram of waste; contributing isotopes have half-lives

10 greater than 20 years.

11 Treatment, Storage, and/or Disposal Landfill: A landfill where dangerous waste is placed in or on the
12 land, as defined in WAC 173-303.
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1 D1 Introduction

2 This appendix contains conceptual site models (CSMs) for each of the 24 landfills within the 200-SW-2
3 Operable Unit (OU). The CSMs contain supplemental information (such as characterization data,
4 summary of previous investigations, inventory, operational history, and data needs) to the Resource
5 Conservation and Recovery Act of 1976 facility investigation/corrective measures study/remedial
6 investigation/feasibility study work plan and should be reviewed in conjunction with the main document.

7 Each landfill was historically designated for disposal of the following waste types: treatment, storage, and
8 disposal unit waste, dry waste, industrial waste, construction waste, dry waste alpha, and caissons.
9 Figure D- 1 gives a geographic overview of the locations of different waste types in the 200 West and

10 200 East Areas. Figure D-2 provides detailed information for each type of landfill. Figures D-3 through
11 D-26 present CSMs for each individual landfill in the 200-SW-2 OU. Each CSM provides a ranking
12 compared to other landfills for volume of waste, size of the landfill, plutonium mass, uranium mass, and
13 curie content. The trench locations on the site maps included with each CSM are based on Hanford Site
14 ("H-2" prefix) drawings and may not represent actual trench locations.

15 Based on historical groundwater sampling results from wells in the vicinity of the 200-SW-2 OU
16 landfills, there is no evidence that contaminants from the landfills have reached the underlying
17 groundwater. The vadose zone is the focus of ongoing investigation. Results of sampling proposed in the
18 sampling and analysis plan (SAP) (Appendix A) will be presented in the remedial investigation.

19 Historically, liquid process waste that was not sent to the tank farms was discharged to the soil column
20 via ponds, cribs, ditches, and trenches. Due to these readily available means of liquid disposal, coupled
21 with a lack of burial records indicating disposal of large quantities of containerized liquid waste in the
22 200-SW-2 OU landfills, a significant downward driving force for contaminants due to solid waste burials
23 is not anticipated to be present. However, characterization activities proposed in the SAP (Appendix A)
24 are intended to investigate the vadose zone beneath landfill trenches to determine if contaminants have
25 moved from the trenches toward groundwater.

26 CSMs should be reviewed, along with the individual landfill plates located on the accompanying compact
27 disk. The plates provide additional soil gas monitoring data and groundwater monitoring well locations.

28 The work plan contains additional information on the environmental setting, geology, groundwater OUs
29 located beneath the 200-SW-2 landfills, environmental resources, nature and extent of contamination, air
30 monitoring for the Hanford Site, and other relevant information. This appendix is not intended as a
31 stand-alone document nor should it be reviewed as such.

32 Other appendices included with the work plan are a SAP, landfill records, organic contaminants
33 associated with the 200-SW-2 landfills, summary of the T Ponds and Ditches, and data quality objectives.

34 D2 References

35 ARH-2015, 197 1, Radioactive Contamination in Unplanned Releases to Ground Within the Chemical
36 Separations Area Control Zone through 1970, Part 4, Atlantic Richfield Hanford Company,
37 Richland, Washington.

38 ARH-2757, 1973, Radioactive Contamination In Unplanned Releases To Ground Within The Chemical
39 Separations Area Control Zone Through 1972 (Exclusive of Liquid Waste Storage Tank
40 Farms), Atlantic Richfield Hanford Company, Richland, Washington.
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1 BHI-00 175, 1995, Z Plant Aggregate Area Management Study Technical Baseline Report, Rev. 00,
2 Bechtel Hanford, Inc., Richland, Washington. Available at:
3 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D198038137.

4 BHI-00 178, 1995, PUR EXPlant Aggregate Area Management Study Technical Baseline Report, Rev. 00,
5 Bechtel Hanford, Inc., Richland, Washington. Available at:
6 http://pdw.hanford.gov/arpir/pdf.cfm?accession=D198038126.

7 D&D-28379, 2006, Geophysical Investigations Summary Report 200 Area Burial Grounds: 218-C-9,
8 218-E-2A, 218-E-5, 218-E-5A, 218-E-8, 218-W-JA, 218-W-2A, and 218-W-11, Rev. 1, Fluor
9 Hanford, Inc., Richland, Washington. Available at:

10 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0804030114.

11 D&D-30708, 2006, Geophysical Investigations Summary Report: 200 Areas Burial Grounds: 218-E-1,
12 218-E-2A, 218-E-8, 218-E-12A, 218-W-1, 218-W-2, 218-W-3, and 218-W-11, Rev. 0,
13 Fluor Hanford, Inc., Richland, Washington. Available at:
14 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=00099875.

15 DOE 0 435.1 Chg 1, 2007, Radioactive Waste Management, U.S. Department of Energy,
16 Washington, D.C. Available at: https://www.directives.doe.gov/directives-documents/0435.1-
17 BOrder-c l.

18 DDTS-GENERATED-5634, 1946, Burial of Equipment and Material and Instruments 03/01/1946
19 Through 12/27/1946, General Electric Company, Richland, Washington.

20 DDT S-GENERATED-563 5, 1947, Burial of Equipment and Material and Instruments 01/09/1947
21 Through 12/29/1947, General Electric Company, Richland, Washington.

22 DDT S-GENERATED-563 6, 1948, Burial of Equipment and Material and Instruments 01/14/1948
23 Through 12/21/1948, General Electric Company, Richland, Washington.

24 DDT S-GENERATED-5637, 1949, Disposition of Contaminated Government Property 05/10/1949
25 Through 10/31/1949, General Electric Company, Richland, Washington.

26 DDTS-GENERATED-5640, 1949, Burial ofMaterial 01/03/1949 Through 05/09/1949, General Electric
27 Company, Richland, Washington.

28 DOE/RL-2014-43, 2014, Mixed Waste Disposed of in the Low-level Burial Grounds, Rev. 0,
29 U.S. Department of Energy, Richland Operations Office, Richland, Washington.

30 HAN-95462, 1966, "Scrap SS Materials and Waste For Burial At Richland" (memorandum to G.F. Penn,
31 Fuels & Metallurgy Branch, Production Division RL, from H.V. Werner, SS Materials
32 Representative, SAN), U.S. Atomic Energy Commission, Richland, Washington, August 31.

33 HW-41535, 1956 (declassified 1971), Unconfined Underground Radioactive Waste and Contamination in
34 the 200 Areas, General Electric Company, Richland, Washington.

35 HW-60807, 1959 (declassified 1971), Unconfined Underground Radioactive Waste and Contamination in
36 the 200 Areas-1959, General Electric Company, Richland, Washington.

D-2



DOE/RL-2004-60, DRAFT B
MARCH 2015

1 PNL-6456, 1988, Hazard Ranking System Evaluation of CERCLA Inactive Waste Sites at Hanford,
2 3 vols., Pacific Northwest Laboratory, Richland, Washington. Available at:
3 http://pdw.hanford.gov/arpir/pdf.cfm?accession=D196006954.
4 http://pdw.hanford.gov/arpir/pdf.cfm?accession=D196006996.
5 http://pdw.hanford.gov/arpir/pdf.cfm?accession=D196007000.

6 Resource Conservation and Recovery Act of1976, 42 USC 6901, et seq. Available at:
7 http://www.epa.gov/epawaste/inforesources/online/index.htm.

8 RHO-CD-673, 1979, Handbook 200 Areas Waste Sites, 3 vols., Rockwell Hanford Operations,
9 Richland, Washington. Available at:

10 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D196039027.
11 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D 196039028.
12 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D 196039029.

13 SWITS, Hanford Site database.

14 Unpublished landfill logbooks in Waste Information Data System (WIDS) library:

15 0 218-E-12A Logbook, 1960, WIDS Library Document 1009140261

16 0 218-W-2A Logbook

17 0 218-W-3 Logbook, 1960, WIDS Library Document 1112200666

18 0 218-W-4A Logbook, 1960, WIDS Library Document 1008310286

19 WAC 173-303, "Dangerous Waste Regulations," Washington Administrative Code, Olympia,
20 Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303.

21 303-040, "Definitions."

22 WHC-EP-0912, 1996, The History of the 200 Area Burial Ground Facilities, 2 vols., Westinghouse
23 Hanford Company, Richland, Washington. Available at:
24 http://www.osti.gov/scitech/servlets/purl/ 16778.

25 WIDS, Waste Information Data System, Hanford Site database.
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200-S W-2
Operable Unit

Waste Type
Area Maps

The 200 West and 200 East Waste Type

Area Maps are provided as reference

material for the landfill Conceptual Site

Models contained in Appendix D.

Site Maps with Waste Type

200 WEST AREA
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Each landfill trench is color coded based on known waste type. More detailed information on landfill characterization is provided in the Conceptual Site
Models for the individual landfills.
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200-SW-2
Landfill Types

Descriptions
& Locations

TSD
Industrial
Dry Waste Alpha
Dry Waste
Construction
Caissons*
*218-W-4A and 218-W-4B

Area Maps with Landfill Type

200 WEST AREA
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200 EAST AREA
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21 B-C-9,
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Each landfill is color coded based on type. Descriptions of each type and associated landfills is provided on page D-4. More detailed information on landfill char-
acterization is presented in the Conceptual Site Models for the individual landfills.

D-6

I I

l SE-

218-W-4C .,

IF'. :.17 -A...

Af, I ir-,
-- -l



DOE/RL-2004-60, DRAFT B

Industrial Dry Waste Alpha

" LLBG Dangerous Waste Permit Application - Part A

" Some contain retrievably stored TRU waste: M-91

- Potential for small volume, sorbed, containerized liquids

. Potential for subsidence

" High dose rates

" Include industrial and dry waste types

LANDFILLS

218-E-10 (Page D-23)
218-E-12B (Page D-28)
218-W-3A (Page D-41)
218-W-3AE (Page D-44)
218-W-4B (Page D-51)
218-W-4C (Page D-55)
218-W-5 (Page D-58) -4

Typical TSD wastes taken to landfills
by train in 1989.

* High internal void volume

- High potential for subsidence

* Disposal of failed/obsolete equipment

" High dose rates

* Waste typically contained in large wooden or concrete boxes

LANDFILLS

218-E-2 (Page D-9)
218-E-2A (Page D-11)
218-E-5 (Page D-15)
218-E-5A (Page D-17)
218-E-9 (Page D-21)
218-W-1A (Page D-32)
218-W-2A (Page D-36)
218-W-11 (Page D-61) Wooden dragoff box common in

Industrial landfills.

. Contain at least 90% of the pre-1970 alpha contaminated LLW

- Waste Primarily packaged in fiberboard cartons/boxes/drums

- Low potential for subsidence

LANDFILLS

218-W-1 (Page D-30)
218-W-2 (Page D-34)
218-W-3 (Page D-39)
218-W-4A (Page D-47)

Cardboard boxes, unwrapped. and paper-wrapped
items in a Dry Waste Alpha landfill in 1955.

Dry Waste

-Waste primarily packaged in fiberboard cartons/boxes/drums

" Medium dose rate (up to 2,000 mR/hr)

" Low potential for subsidence

- Primarily beta-gamma contaminated waste

. Surface stabilized with fly ash

LANDFILLS

218-E-1 (Page D-7)
218-E-12A (Page D-26)

Dump of miscellaneous scrap common
in Dry Waste landfills.

Construction

. Low activity waste (<100 mR/hr)

" Primarily construction/demolition debris and concrete rubble

" Low potential for subsidence

LANDFILLS

218-C-9 (Page D-5)
218-E-4 (Page D-13)
218-E-8 (Page D-19)

Demolition debris from 201 C (semiworks) in
the 218-C-9 landfill before backfilling.

D-7

. High dose rate (up to 10,000 mR/hr)

" Typically remote handled waste

-Small containers (1-5 gallons)

* High beta-gamma radiation

* Potential for small volumes of sorbed organics (lab packs)

* 20 caissons total

* 4 caissons in M-91 project scope

* 4 caissons believed unused

LANDFILLS

218-W-4A (Page D-47)
218-W-4B (Page D-51)

Caisson installation.

TSD
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Figure D-3

218-0-9
Landfill

Cleanup of the dried 216-C-9 pond is underway in 1985 in
preparation for receipt of solid waste in 218-C-9.

- -. ,.- -

Curie Content: Low

Green Islands: No

Hydraulic Driving Force: Yes

Record Quality: Good

Subsidence: No

Soil gas detection: N/A

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (m3)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE RECORDS

Number
Available

Quantity Rank

7,600 14

1.8 15

7.00E-08 21

0 21

20 19

Record
Rank Quality

724 9 Good

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

8 No site drawing. Site stabilized/backfilled in 1989
with 200E Powerhouse material.

1 Footprint coincides with former disposal pond
216-C-9 (active 1953-1985)

N RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

N

Y
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216-C-9 Pond
Before its use as a landfill, the location was the
excavation for the planned plutonium separation
building, 221-C, whose construction never was
completed. However, the excavation for the 221-C
foundation was used as a liquid waste disposal
site, designated as the 216-C-9 Pond. For 30
years (1953 to 1983), it received approximately
1 billion L (264 million gal) of mildly radioactive
steam condensate liquid discharge from source
facilities, the 209-E Critical Mass Laboratory and
the Hot Semiworks (201-C). Two years after liquid
discharges to the site ceased, solid wastes were
disposed to this previously used pond area for a
4 year period (1985 to 1989). A large portion of
the 216-C-9 Pond area was assigned the facility
designation of "218-C-9" to signify its use as a
solid waste landfill. Debris at the landfill consists
of potentially contaminated concrete rubble, large
equipment, roofing material, metal scrap, and other
Hot Semiworks demolition wastes. Contaminated
soil from UPR-200-E-37 and UPR-200-E-98 also
was placed in the 218-C-9 Landfill. Although
the majority of the waste in the 218-C-9 Landfill
consists of non-containerized demolition rubble, the
landfill also contains approximately 270, 208 L (55
gal) drums of LLW.

Landfill Inventory

Items Known to be Disposed

Absorbent, Air Conditioners, Aluminum, Asbestos, Asbestos-Covered
Pipe, Asbestos Piping and Duct, Asphalt, Blacktop, Cardboard, Cardboard,
Cement, Chain Link Fence, Cloth, Concrete, Concrete Metal, Contaminated
Soil, Cut Pipe, Diatomaceous Earth, Dirt, Drums Soil, Dump Trucks Soil,
Electric Motors, Fiberglass, Floor Sweep, Floor Sweeps, Foam, Galvanized
Metal Gutters, Glass, Greenhouse, Hay, HEPA Filter, Iron, Kitty Litter,
Leather, Lumber, Metal, Metal Brackets, Metal Demolition Debris, Metal
Doors, Metal Foam Wood Poles, Metal Pipe, Nylon, Packages of Transite
Sheeting Asbestos, Paper, Paper and Plastic in a Steel Box, Pipe, Piping,
Plastic, Plastic and Weeds in DOT 55-Gal Drums, Plastic Foam, Plastic
Rubber, Plywood, Polyurethane, Pyrofoam, Rags, Rubber, Rubber, Sample
Pump, Sand, Sheet Metal Ducts, Soil, Soil and Plastic in a Metal Box, Soil
in Drums, Soil Packaged in 1-lb Metal Cans, Stainless Steel, Stainless
Steel and Aluminum, Stainless Steel Metal Doors, Stainless Steel Pulsar
Columns, Stainless Tanks, Standard Boxes Paper, Steel, Steel Beams
and Channel, Straw, Structural Steel Pipe Gallery, Styrofoam, Sweeping
Compound, Transite Asbestos, Tumbleweeds, Tumbleweeds Self-
Contained, Tumbleweeds Delivered in a Compactor Truck, Tumbleweeds
in Plastic Wrap, Vermiculite, Weeds, Weeds in Plastic Wrap, Wood, Wood
Demolition Debris, Wood Piles, Wood Poles, Wood Poles with Metal
Brackets, Wood Power Poles, Wood Telephone Poles.

Landfill Summary

WIDS Code & Aliases 218-C-9; 218-C-9 Burial Ground; 218EC9; Dry Waste No.0C9

Landfill Type Construction

OU & Category 200-SW-2, Past Practice

Dates of Waste Receipt Liquid discharges 1953 to 1983

Solid waste burial 1985 to 1989

Location North of Hot Semiworks Plant (201C)

General Description The unit consists of one large burial pit. The burial ground is located inside the
excavation of the never-constructed 221-C Building. The burial pit is located at
the site of the dried 216-C-9 Pond. SWITS and paper burial records indicate that
construction waste was placed in the east end of the landfill; uncontainerized
soil and weeds contaminated with radioactive strontium and cesium, including
soil from UN-216-E-37 and UN-216-E-39 (both unplanned releases were from
a pump removed from 201C that leaked onto the nearby road during transit),
were placed in the west end. In August 1986, a fire in the burial pit was caused
by torch-cut metal frames placed in the pit before they had cooled; they ignited
flammable material. The entire site was backfilled and surface stabilized in
1989 with 284E Powerhouse ash. Debris at the site consists of radiologically
contaminated concrete rubble, large equipment, roofing material, metal scrap,
and other Hot Semiworks Plant demolition wastes.

Source Facilities Hot Semiworks (201C)
Contributing More Than
5% of Waste by Volume

References WIDS; SWITS; RHO-CD-673

Site Map

-E

218-C-9

.Monitoring Wall

X Decommissioned We

Well prefix'299-'omitted

Radioactive Solid Waste

Unused Waste Area

Aerial Imagery from April 2012.

0 25 5r

0 CH0GW150 

Pr 
:

Information from photos and logbooks contradicting literature.

None. Photos from 1985-1989 correlate well with the operational history reported in WIDS and SWITS.
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Figure D-3

Previous Investigations*

*Location details for the following investigations are mapped on the
218-C-9 Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Not performed.

Surface Radiation Surveys

m Based on the 2011 survey, there is a large area in the center of
the landfill with counts per second (cps) between 1001 and 1250.
The remainder of the landfill generally had a cps between 750
and 1000.

Geophysics Summary

* 2005: The geophysical data indicate this landfill does not appear
to contain large, continuous concentrations of buried objects
or debris in well-defined trenches or pits. Several large metallic
objects or concentrations of smaller metallic debris are buried in
several somewhat discrete locations across the landfill, primarily
through the center and southwestern portion. No Hanford Site
drawing was located for the 218-C-9 Landfill.

* Techniques used: EMI, GPR, TMF

Cross Section

218-C-9 Landfill

1-2 m

0 GROUND SURFACE wer 0
GD

15 -Depth of vadose zone contamination is unknown. 50

*See LandfillTrench Features table on page 1 for
specific information on trench depth.

Ewa, -

Q The 218-C,) Landfill is U
U located in the former 4

30 216-C-9 Pondaite. The dried 100
SD pond was layered with

CA clean fill betore the siftewas
- used as a landfill.

adI

LEGEND - Stratigraphy .
Go Hanford formation (gravel m

45 dominated sequence) 150

Hanford fo"mation (sand
a) dominated sequance)

V Watrtable 85 m (279 ft)

6020

GD

75 250

GROUNDWATER Not to scaleI
FG070727 9

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Photographic History

ThLl

In 1962, 216-C-9 Pond actively received cooling
water. It is located in the excavation for the never-
built 221-C Building (C-Canyon).

Vadose Zone
The vadose zone is
the focus of ongoing
investigation. Results of
sampling proposed in the
SAP (Appendix A) will be
presented in the RI.

Groundwater

Historically, liquid process
waste that was not sent
to the Tank Farms, was
discharged to the soil column
via ponds, cribs, ditches.
and trenches. Due to these
readily available means
of liquid disposal, coupled
with a lack of burial records
indicating disposal of large
quantities of containerized
liquid waste in the 200-SW-2
OU Landfills, a significant
downward driving force
for contaminants from the
landfills is not anticipated
to be present. However, the
focus of characterization
activities proposed in the
SAP (Appendix A) are
intended to investigate the
vadose zone beneath landfill
trenches to determine if
contaminants have moved
from the trenches toward
groundwater. At this time,
there is no evidence that the
200-SW-2 OU Landfills are
contributing to contamination
of groundwater.

May, 1985. 218-C-9 open excavation before any
solid waste has been emplaced.

August, 1987. Decommisioning rubble from
201-C in the 218-C-9 landfill before backfilling.

October, 1986. Some solid waste has been emplaced
and covered with a layer of dirt.

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Good quality records with no indication of mobile Need to review existing data. Need EMFLUX to Review/reprocess existing geophysics. Collect
constituents in the waste. confirm no mobile constituents. EMFLUX data to confirm source knowledge.

Release Mechanism Historical presence of disposal pond suggests Need to identify vadose zone preferential pathways Perform MASW to identify preferential pathways.
earlier release(s) of mobile constituents downward that may control leaching/ downward flow. Need to Direct Push for leak detection. Review data on
(leaching). Rad surveys indicate that Sr and Cs evaluate bioturbation activity. radiation and bioturbation.
being brought to surface by vegetation.

Transport Media Past practice as a disposal pond suggest Need passive and active soil gas data for risk Perform STS resistivity and ERT for fluid data.
leachate. Recent rad surveys indicate increasing assessment. Need data on fluid flow. Direct Push for soil/fluid samples. Obtain active
concentrations of Sr and Cs in surface soils. soil gas samples in area of passive soil gas hits.

Exposure Point Surface/near-surface (e.g., root zone) - soil/veg. Need to evaluate vegetation/bioturbation activity Review/inspect site surface for ecological activity.
Groundwater exposure points - fluids/water. at the surface. Need to confirm no impacts to Review groundwater data for evidence of impacts

groundwater. by 218-C-9 and/or previous pond disposal.

Exposure Route Ingestion/dermal - contaminated soil/vegetation, Need to refine exposure model. To be evaluated during risk assessment.
fluid/leachate Engineering and ICs to restrict access and

exposure.

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.

Unplanned Releases Collocated with or Near 218-C-9 Landfill

Site Code Site Name Location Years of Source Facility Contaminant Inventory/ Depth Waste Site General Description
Operation Volume Released Dimensions

216-C-9 216-C-9 Pond North of 7th 1953 to 1983 209-E Critical 1 billion L (264 Mgal) 2.4 m 383 by 70 m The excavation was originally intended to
Street and north Mass laboratory mildly radioactive steam (1256 by 230 ft) be the foundation for the 221-C Canyon
of Hot Semiworks Hot Semiworks condensate liquid Facility that was never built. It was modified
Facility. Facility discharge to receive cooling water from the 201-C

Hot Semiworks Facility. Over a period of 30
years, the pond received approximately 1
billion liters (264 Mgal) of mildly radioactive
steam condensate liquid discharge from the
209-E Critical Mass Laboratory and the Hot
Semiworks (201-C)
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Figure D-4

21 8E-1
Landfill

Completely backfilled and fenced site, dated June 8, 1954.

Curie Content: Low

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Moderate

Subsidence: Yes

Soil gas detection: Yes

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (M
3
)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE RECORDS

Number
Available

Quantity Rank

3,000

1

0.9

19

19

12

400 13

4 21

Record
Rank Quality

35 15 Moderate

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

3 61 m (200 ft) long trenches running north and
south, about 6 m (20 ft) wide. It originally was
designed for 21 trenches.

15

Y RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

N

N
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Landfill Summary

WIDS Code & Aliases 218-E-1, 200 East Dry Waste No. 001

Landfill Type Dry Waste

OU & Category 200-SW-2, Past Practice

Dates of Waste Receipt 1945 to 1953

Location West of PUREX (202A) and southeast of B-Plant (221B)

General Description The unit received dry waste contaminated with mixed fission products
and transuranic elements. Had 1 m (3 ft) of fill before stabilization. In
1974, areas with surface depressions were filled to grade with cinders
from the 284 E Powerhouse and topped with gravel. The entire landfill
was surface stabilized with 46 cm (18 in.) of clean soil and vegetated
with wheat grass.

Source Facilities B-Plant (221 B)
Contributing More Than
5% of Waste by Volume

References WIDS; WHC-EP-0912; RHO-CD-673; HW-60807; SWITS; HW-41535

Site Map
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Landfill Inventory

Items Known to be Disposed

154 B Connector, 18-3 tank lid, 7-4 Sampling Assembly, 75-Ton Crane Hook Cable, Decontamination Pot, Dissolver Yoke,
GE Tube for Section 14, Precipitator Yoke #63065, Pressure Gauge, Sec. 13 Connector 32, Sec. 18 Connector 2-37,
Stainless Steel Pipe, Assault Masks, Dissolver Buckets, Pipe Flanges, Spray Nozzles, Chemox Face Piece, Dissolver
Bucket Yokes, Cell Drain Blocks, Sample Stand Pipes, Bucket from Cask Assembly #190.

Information from photos and logbooks contradicting literature.
None. A 1954 photo shows the landfill completely backfilled and fenced.
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Figure D-4

Previous Investigations*
*Location details for the following investigations are mapped on the 218-E-1 Landfill plate provided on the CD associated with
Appendix D.

Soil Gas Sampling

m Passive soil vapor sampling

- 2009: Sampled at five locations. Detection of methyl ethyl ketone at a concentration of 11 ng/sample in one location.

PHASE 1-A DISTRIBUTION OF SAMPLE RESULTS

Number of Samples (ng/sample) Maximum Result (ng/
Compound 10- 100 100-500 500- 1,000 1,000 - 5,000 >5,000 sample)

Methyl ethyl ketone 1 -- -- -- -- 11

Surface Radiation Surveys

m Based on the 2011 survey, there were no areas with high cps recorded.

Geophysics Summary

* 2006: Based on Hanford Site Drawing H-2-00124, the original landfill includes fifteen trenches, which correlate with the
geophysical data. Geophysical data indicates that this landfill does not appear to contain large, continuous concentrations of
buried objects or debris in well-defined trenches or pits.Geophysical data indicates that this landfill does not appear to contain
large, continuous concentrations of buried objects or debris in well-defined trenches or pits.

* Techniques used: EMI, GPR, TMF

Vadose Zone

The vadose zone is the focus of ongoing
investigation. Results of sampling proposed in
the SAP (Appendix A) will be presented in the
RI.

Groundwater

Historically, liquid process waste that was not
sent to the Tank Farms, was discharged to
the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means
of liquid disposal, coupled with a lack of burial
records indicating disposal of large quantities
of containerized liquid waste in the 200-SW-2
OU Landfills, a significant downward driving
force for contaminants from the landfills is not
anticipated to be present. However, the focus
of characterization activities proposed in the
SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to
determine if contaminants have moved from
the trenches toward groundwater. At this time,
there is no evidence that the 200-SW-2 OU
Landfills are contributing to contamination of
groundwater.
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*Water table depth was calculated from data in RHO-CD-673, Handbook 200
Areas Waste Sites.

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Moderate quality records, but no mobile constituent Need to review existing data. Need to understand Review/reprocess existing geophysics. Review rad
indicated. Relatively high rad concentrations. high surface rad counts. Need to confirm contents. data to evaluate high surface survey counts. Focused

and random test pits.

Release Mechanism Likeliest release mechanism is erosion/ subsidence. Need to identify downward flow. Need to understand Visual inspection/monitoring of surface for erosion
No past history of driving force or constituent mobility current erosion/subsidence activity and potential. and subsidence. Direct Push for leak detection.
via gas or leachate flow.

Transport Media Dry waste with no evidence of soil gas or leaching. Need data about fluid flow. Need to review site history Direct Push for soil/fluid samples. Analyze directly
Potential for direct transport of waste after being to assess if waste has been directly transported (e.g., exposed or transported waste, if present.
uncovered by erosion/subsidence. blown about by wind, exposed by storms)

Exposure Point Direct exposure to contents. Need to confirm site conditions and waste Review/inspect site surface for exposed waste.
containment.

Exposure Route Dermal/ingestion - direct exposure. Need to refine exposure model. To be evaluated during risk assessment. Engineering
and ICs to restrict access and exposure.

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.

Unplanned Releases Collocated with or Near 218-E-1 Landfill

Site Code Site Name Location Years of Source Facility Contaminant Depth Waste Site General Description
Operation Inventory/Volume Dimensions

Released

UPR-200-E-53 UPR-200-E-53, The release 1978 N/A Contaminated soil N/A 46 by 15 m In October 1978, a contamination spread occurred
UN-200-E-53, occurred at the (150 by 50 ft) during backfilling operations when a bulldozer uncovered
Contamination 218-E-1 Landfill. shallow buried contaminated waste in an adjacent trench.
at 218-E-1 Numerous spots of radioactive contamination were

detected within the south end of the 218 E 1 Trench. The
contaminated soil was reburied, and clean fill was spread
over the area. The surface of the landfill was stabilized in
1981. The release is not marked or posted, but the 218 E
1 Landfill is marked and posted. ("Consolidated")

D-1 1

Photographic History

No photos of the 218-E-1 trench contents have been found. This
photo of the completely backfilled and fenced site, dated June 8,
1954, corroborates the WIDS and SWITS descriptions of operat-
ing dates of 1945-1953.

1987 photo shows the 218-E-1 landfill. Trench
locations are still visible.
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Figure D-5

218-E-2
Landfill

A May 1971 photograph shows items stored on the
surfaces of colocated landfills 218-E-2. 218-E-2A, 218-

E-4. and 218-E-9.

Curie Content: Moderate

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Poor

Subsidence: Yes

Soil gas detection: N/A

Landfill Summary

WIDS Code & Aliases

Landfill Type

OU & Category

Dates of Waste Receipt

Location

General Description

Source Facilities
Contributing More Than
5% of Waste by Volume

References

218-E-2; Equipment Burial Ground #2; 200 East Industrial Waste No. 002

Industrial

200-SW-2, Past Practice

1945 to 1953

North of B-Plant (221B); 218-E-2/2A/4/5/5A/9 are colocated.

Burial Grounds 218-E-2, 5, 5A and 9 were surface stabilized as a single unit in 1979
with 0.3 meter (1 foot) of clean backfill and vegetated with wheat grass. In 2005,
biobarrier material and gravel were placed on portions of the site where reoccurring
contamination had been found.

200 East Area

WIDS; SWITS

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (M
3
)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE RECORDS

Number
Available

5

Quantity

9,000

1.3

0.8

300

450

Rank

12

16

13

15

10

Record
Rank Quality

20 Poor

LANDFILLITRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

5 Trenches run east to west. Individual trench
lengths vary from 27 m (90 ft) to 142 m (465 ft).
Site area overlaps with trenches in 218-E-9.

9

Y

N

RSW?

Caissons?

N

N

Green Islands?

Disposal Pond?

N

N

D-12

Site Map

T04

T05

T06

218E2 T10

T08

T09

Landfill Inventory

Items Known to be Disposed

No landfill inventory records available for this landfill. Landfill inventory was estimated from SWITS. SWITS
contains radiological inventory.
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Figure D-5

Previous Investigations*

*Location details for the following investigations are mapped on
the 218-E-2 & 9 Landfill plate provided on the CID associated with
Appendix D.

Soil Gas Sampling

m Not performed.

Surface Radiation Surveys

" In September 2006 radiological soil measurements at the
218-E-2 and 218-E-5 Landfills were performed in support of
the 200-SW-2 OU non-intrusive characterization effort. Eight
survey locations (hot-spots) were selected for further radiological
soil measurements in and around the two landfills, based on
previously collected MSCM data.

" Cesium contamination appears to be close to the surface and
probably not directly related to the landfill.

Geophysics Summary

" 218-E-2 and 218-E-9 Landfills (2009): These two collocated
landfills consist of nine trenches oriented east-west. Three
primary zones of anomalies were identified, and each zone
has characteristics that are usually associated with trenches
containing buried debris. The northern most zone of anomalies
correlates with the documented locations of Trenches 4, 5, 6, 7,
10, and 12. The middle concentration of anomalies correlates with
Trench 8, and the southernmost zone correlates with Trenches
9 and 11. The average depth to the top of the debris is generally
1 to 2 m (3.3 to 6.6 ft). The trenches are comprised primarily of
metallic and non-metallic debris. See table below.

" Techniques used: EMI, GPR, TMF

GEOPHYSICAL TRENCH DATA

Trenches 4,
5,6,7, 10,
and 12

Drawing H-2-55534 shows six trenches oriented
east-west within an area approximately 145 m by
45 m (476 ft by 148 ft). There is evidence of multiple
trenches in the geophysical data; however, there
is not a clear delineation between trenches. The
average depth to the top of the debris from the
ground surface is generally 1ito 2 m (3.3 to 6.6 ft).
The trenches contain significant amounts of metallic
debris, but anomalous features were not detected
in several areas within the interpreted trench
boundaries.

Trench 8 The extent of the geophysical anomalies in this area
is consistent with the Trench 8 boundaries depicted
in drawing H-2-55534. The excavation boundaries for
a significant portion of the trench were detected with
the GPR data. Trench 8 anomalies are comprised
primarily of concentrations of metallic and non-
metallic debris, with an average depth of 1 to 2 m
(3.3 to 6.6 ft) below ground surface (bgs).

Trenches 9 The most notable features in this area are two
and 11 distinct concentrations of anomalies that correlate

fairly well with Trenches 9 and 11 (shown on drawing
H-2-55534). The concentrations of anomalies appear
to include both metallic and non-metallic debris, with
an average depth of 0.5 to 2 m (1.6 to 6.6 ft) bgs. The
northern excavation boundary is fairly distinct in the
GPR data. The southern excavation boundary is not
as clear and appears to be just beyond the area of
GPR coverage in some areas.

Cross Section

218-E-2 Landfill
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*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Unplanned Releases Collocated with or Near 218-E-2 Landfill

None.

Information from photos and logbooks contradicting literature.

Photos from 1965, 1970, and 1976 show waste stored aboveground on 218-E-2, 218-E-4, and 218-E-9. *See CSM for 218-E-2A/4/5/9 for more photos.

D-13

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Poor quality records with no information on constituent Obtain additional records, if possible. Need EMFLUX Review/reprocess geophysics and search for new
mobility. data to infer constituent mobility. Need to confirm information/records. Collect EMFLUX data to confirm

contents. source knowledge. Focused and random test pits.

Release Mechanism Likeliest release mechanism is erosion/ subsidence. Need to identify possible downward flow. Need to Perform MASW to identify preferential pathways.
No past history to suggest leaching. understand current erosion/subsidence activity and Horizontal boring and Direct Push for leak detection.

potential. Visual inspection/monitoring of surface for erosion and
subsidence.

Transport Media Construction waste w/no evidence of waste mobility. Need soil gas concentration data (active samples) for Perform STS resistivity and ERT for fluid data.
Potential for direct transport of waste after being risk assessment. Need data about fluid flow. Need to Horizontal boring and Direct Push for soil/fluid
uncovered by erosion/subsidence. review site history to assess if waste has been directly samples. Perform Analyze directly exposed or

transported (e.g., blown about by wind, exposed by transported waste, if present. Obtain active soil gas
storms) samples in area of passive soil gas hits.

Exposure Point Direct exposure to contents Need to confirm site conditions and waste containment Review/inspect site surface for exposed waste

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment. Engineering
and ICs to restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.

Vadose Zone

The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in the RI.

Groundwater

Historically, liquid process waste that was not sent to the Tank Farms,
was discharged to the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means of liquid disposal,
coupled with a lack of burial records indicating disposal of large
quantities of containerized liquid waste in the 200-SW-2 OU Landfills,
a significant downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of characterization
activities proposed in the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to determine if contaminants
have moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.

Photographic History
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Figure D-6

21 8E2A
Landfill

A May 1971 photograph shows items stored on the
surfaces of colocated landfills 218-E-2, 218-E-2A, 218-

E-4. and 218-E-9.

Curie Content: Low

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Poor

Subsidence: Yes

Soil gas detection: No

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (M
3
)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE RECORDS

Number
Available

Quantity Rank

-- 23

0.3 24

0 22

0 21

100 17

Record
Rank Quality

1 23 Poor

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

5 Although some literature sources indicate this
site was used only for above ground storage,
observations in 1980 suggest that 218-E-
2A consists of a single east to west trench
approximately 110 m (357 ft) long and 14 m (46 ft)
wide. Geophysical data collected in 2005 confirm
the presence of a trench.

Y RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

N

N
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Site MapLandfill Summary

WIDS Code & Aliases 218-E-2A; Burial Trench; Regulated Equipment Storage Site No. 02A

Landfill Type Industrial

OU & Category 200-SW-2, Past Practice

Dates of Waste Receipt 1945 to 1950

Location North of B-Plant (221B); 218-E-2/2A/4/5/5A/9 are colocated.

General Description No burial records. Site was used as an above ground equipment
storage site. Subsidence seen at the site during a 1978 inspection
suggest that some waste was buried. The site was surface stabilized
with 0.3 m (1 ft) of soil and revegetated in 1980-1981. The above
ground equipment was buried in 218-E-10.

Source Facilities No records of burials.
Contributing More Than
5% of Waste by Volume

References WIDS

Landfill Inventory

Items Known to be Disposed

No landfill inventory records available for this landfill. (SWITS)

-7-
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Figure D-6

Previous Investigations*

*Location details for the following investigations are mapped on the
218-E-2 through 9 Landfill plate provided on the CD associated with
Appendix D.

Soil Gas Sampling

m Passive soil vapor sampling

- 2009: This landfill was sampled at one location. There were no
detections of any constituent.

Surface Radiation Surveys

m Based on the 2011 survey, there were three areas in the northern
half of the landfill having a cps greater than 1500. There were
numerous areas along the northern boundary that had cps in the
range of 1001 to 1250.

Geophysics Summary

* 2005, 2006: The geophysical data from 2005 indicate there is a
single trench at this landfill with a series of isolated objects and/
or a number of groups of smaller objects with relatively clean fill
in between. GPR data were not successful at detecting all of the
buried debris/objects whose presence is interpreted from the EMI
and magnetic data. The 2006 data show no anomalies of signific
ance west of the western boundary of the landfill, which had
been suggested by the 2005 data. The 2006 data indicate a large
buried object located just inside the landfill boundary, which is
the likely cause of the 2005 anomalies suggesting buried objects
beyond the western edge of the landfill.

* Techniques used: EMI, GPR, TMF

D-15

Photographic History Cross Section

218-E-2A Landfill

1-2 m

0 GROUND SURFACE S kfi 0

15 'Depth of adose zone contamination is unknown. 50
*See Landfilllnrench Features table on page 1 for
specific information entrench depth.

LO 100

0LEGEND -Stratigraphy

L5 GD Hanford formation (gr'ave50l.
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60 230
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GROUNDWATER Not toasple

FG070727.5

*Water table depth was calculated from data in RHO-CD-673, Handbook
200 Areas Waste Sites.

Vadose Zone

he vadozonei the ocus of o goinbinvtigation Results of sampling

proposedin the AP (Appedix doinatbedprsenteiotelI

Groundwater

Historically, liquid process waste that was not sent to the Tank Farms, was
discharged to the soil column via ponds, cribs, ditches, and trenches. Due to

these readily available means of liquid disposal, coupled with a lack of burial
records indicating disposal of large quantities of containerized liquid waste in the

200-SW-2 OU Landfills, a significant downward driving force for contaminants

from the landfills is not anticipated to be present. However, the focus of
characterization activities proposed in the SAP (Appendix A) are intended to

investigate the vadose zone beneath landfill trenches to determine if contaminants

have moved from the trenches toward groundwater. At this time, there is no

evidence that the 200-SW-2 OU Landfills are contributing to contamination of

groundwater.

A June 1976 photo shows the 218-E-2/2A/4/9 landfills with items stored aboveground.

Information from photos and logbooks

contradicting literature.

None. *See CSM for 218-E-2/4/5/9 for more photos.

Unplanned Releases Collocated with or Near 218-E-2A Landfill

None.

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Poor records; however, no indication of mobile constituents from Need additional records and information, if possible. Need Review/reprocess existing geophysics and search for new
EMFLUX EMFLUX data to infer constituent mobility. Need to confirm information/records on contents. Collect EMFLUX data to

contents. confirm source knowledge. Focused and random test pits.

Release Mechanism Likeliest release mechanism is erosion/ subsidence leading to Need to identify possible downward flow. Need to Perform MASW to identify preferential pathways. Horizontal
direct exposure. No past history of driving force or constituent understand potential for direct exposure boring and Direct Push for soil/fluid samples. Visual
mobility for downward or upward flow. inspection/monitoring of surface for erosion and subsidence.

Transport Media Industrial waste with no evidence of soil gas. No transport likely. Need soil gas concentration data (active samples) for risk Perform STS resistivity and ERT for fluid data. Horizontal
assessment. Need data about fluid flow. boring and Direct Push for soil/fluid samples. Obtain active

soil gas samples in area of passive soil gas hits.

Exposure Point Direct exposure to contents No data gaps or needs No plans to investigate the exposure point

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment. Engineering and
ICs to restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.

I
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Figure D-7

218-E-4
Landfill

A May 1971 photograph shows items stored on the
surfaces of colocated landfills 218-E-2. 218-E-2A, 218-

E-4. and 218-E-9.

Curie Content: Low

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Poor

Subsidence: No

Soil gas detection: N/A

Landfill Summary

WIDS Code & Aliases

Landfill Type

OU & Category

Dates of Waste Receipt

Location

General Description

Source Facilities
Contributing More Than
5% of Waste by Volume

References

Physical Characteristics

Waste Volume (M
3
)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE RECORDS

Number
Available

2

218-E-4, 200 East Minor Construction No. 4, Equipment Burial
Ground #4

Construction

200-SW-2, Past Practice

1955 to 1956

North of B-Plant (221B); 218-E-2/2A/4/5/5A/9 are colocated.

The site received repair and construction waste from B-Plant
modifications. It was also used as an above-ground storage
site for contaminated equipment. In June 1960, UPR 200-E-23
contaminated the area to a maximum reading of 1 rad/h. The site
was surface stabilized in 1980.

B-Plant (221 B)

WIDS; SWITS

Quantity

1,500

1.2

0.01

1

0.2

Rank

21

17

20

20

22

Record
Rank Quality

22 Poor

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

5 The number of trenches and total length is
unknown. Literature and photos suggest that
the site consists of 2 trenches running parallel to
the railroad tracks. Geophysical data collected in
2009 suggest the presence of three trenches.

3

N

N

RSW?

Caissons?

N

N

Green Islands?

Disposal Pond?

N

N
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Site Map

Characterization Data

LANDFILL CONTENTS

Landfill Inventory

Items Known to be Disposed

No landfill inventory records available for this landfill. (SWITS)
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Figure D-7

Previous Investigations*

*Location details for the following investigations are mapped on the
218-E-2 through 9 Landfill plate provided on the CD associated with
Appendix D.

Soil Gas Sampling

s Not performed.

Surface Radiation Surveys

m Not performed.

Geophysical Summary

* 2009: There are no documented trenches shown for 218-E-4
Landfill on drawing H-2-55534. However, the geophysical
evidence shows three areas, referred to as trenches, have
characteristics typically associated with buried debris. The largest
trench is located in the north end and the debris appears to be
metallic. Two similar sized, smaller trenches are located in the
south and are generally parallel to each other. The westernmost
trench is smaller and contains significant amounts of metals
while the eastern trench has small areas of metallic debris and
significant areas with little or no debris.

* Techniques used: TDEM, EMI, GPR, TMF

Cross Section

218-E-4 Landfill

0 GROUND SURFACE sarm fif

1 "Depth of vadose zone contamination is unknown. 50

*"See Landflirfirench Features table on page 1 for
in specific information on trench depth.

E

-SD -Mn
t -U

LEGEND - Stratigraphy .2
.2 a

G Hanford formation gravel0

45 dominated sequence) 150 E
Hanford formation (sand 0
dominated sequence)

V Water table 84 m (277 ft)

60 200

GD

L5 V 250

GROUNDWATER Nottoscale

FG070727.9

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Vadose Zone
The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in the
RI.

Groundwater

Historically, liquid process waste that was not sent to the Tank
Farms, was discharged to the soil column via ponds, cribs, ditches,
and trenches. Due to these readily available means of liquid
disposal, coupled with a lack of burial records indicating disposal of
large quantities of containerized liquid waste in the 200-SW-2 OU
Landfills, a significant downward driving force for contaminants from
the landfills is not anticipated to be present. However, the focus of
characterization activities proposed in the SAP (Appendix A) are
intended to investigate the vadose zone beneath landfill trenches
to determine if contaminants have moved from the trenches toward
groundwater. At this time, there is no evidence that the 200-SW-2
OU Landfills are contributing to contamination of groundwater.

Photographic History

Cover photo: A May 1971 photograph
shows items stored on the surfaces of
colocated landfills 218-E-2, 218-E-
2A, 218-E-4, and 218-E-9.

Information from photos and logbooks contradicting literature.

Photos from 1965, 1970, and 1976 show waste stored aboveground on 218-E-2, 218-E-4, and 218-E-9. *See CSM for 218-E-2/2A/5/9 for more photos.

D-17

Unplanned Releases Collocated with or Near 218-E-4 Landfill

None.

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Poor quality records with no information on constituent Obtain additional records, if possible. Need EMFLUX Review/reprocess geophysics and search for new
mobility. data to infer constituent mobility. information/records. Collect EMFLUX data to confirm

source knowledge. Focused and random test pits.

Release Mechanism Likeliest release mechanism is erosion/ subsidence. No Need to identify possible downward flow. Need to Perform MASW to identify preferential pathways.
past history to suggest leaching. understand current erosion/subsidence activity and Visual inspection/monitoring of surface for erosion and

potential subsidence. Direct Push for leak detection.

Transport Media Construction waste w/no evidence of waste mobility. Need soil gas concentration data (active samples) for Perform STS resistivity and ERT for fluid data. Analyze
Potential for direct transport of waste after being risk assessment. Need to review site history to assess directly exposed or transported waste, if present. Obtain
uncovered by erosion/subsidence. if waste has been directly transported (e.g., blown about active soil gas samples in area of passive soil gas hits.

by wind, exposed by storms) Direct Push for soil/fluid samples.

Exposure Point Direct exposure to contents Need to confirm site conditions and waste containment Review/inspect site surface for exposed waste

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment. Engineering
and ICs to restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.
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Figure D-8

21 8E-5
Landfill

Photo shows the 70 by 100 foot area on the 218-E-5 burial
ground that was surface stabilized with 6 inches of clean

gravel in May 2010.

Curie Content: Moderate

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Moderate

Subsidence: Yes

Soil gas detection: Yes

Characterization Data

LANDFILL CONTENTS

Physical Characteristics C

Waste Volume (m3)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE RECORDS

Number
Available Rank

Quantity Rank

3,200

1.1

0.6

120

160

18

18

15

18

13

Record
Quality

18 17 Moderate

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

5 The site contains two areas of trenches. One area is
104 m (341 ft) long by 40 m (131 ft) wide and contains
multiple narrow trenches that received industrial dry
waste and small boxes. The second area is a single
trench oriented north-south that is 102 m (335 ft) long by
20 m (64 ft) wide.

Y RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

N

N
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Site MapLandfill Summary

WIDS Code & Aliases 218-E-5; Equipment Burial Ground #5; 200 East Industrial Waste
No. 05

Landfill Type Industrial

CU & Category 200-SW-2, Past Practice

Dates of Waste Receipt 1954 to 1956

Location North of B-Plant (221B); 218-E-2/2A/4/5/5A/9 are colocated.

General Description Property disposal records indicate that items such as pumps,
ventilation fans, offgas heaters, cell concentrators, and other large
PUREX equipment were buried here. In September 1956, railroad
boxcars contaminated with uranyl nitrate hexahydrate were buried
at the north end of the landfill. The burial areas were stabilized
and covered with 0.3 m (1 ft) of clean soil in 1980. The landfill was
restabilized with approximately 15 cm clean gravel in 2010.

Source Facilities PUREX (202-A)
Contributing More Than
5% of Waste by Volume

References WIDS; HW-60807; RHO-CD-673; SWITS; 1960-1966 218-W-4A
Logbook

TD

TOG

215-E-2 T1T1

TO 5

TIJ

21a-E A &
210-E-5

T02 TOT01

Landfill Inventory

Items Known to be Disposed

H-2 Purex Column, Purex FA1 Filter, Purex L Cell Concentrator (Complete), Purex Offgas Heater, Purex Process Solution
Pump, J2 Purex Pulse Column, Purex 2-1-A Ventilation Fans of Carbon Steel, Purex Silver Reactors, Purex Waste
Concentrator Heat Exchanger Tube Bundles, Misc. Equipment from Tank Farm Recovery Program.

2
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Figure D-8

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Moderate record quality; however, no indication Need additional records and Review/reprocess existing geophysics and search
of mobile constituents from EMFLUX information, if possible. Need EMFLUX for new information/records on contents. Collect

data to infer constituent mobility. EMFLUX data to confirm source knowledge. Focused
and random test pits.

Release Mechanism Likeliest release mechanism is erosion/ Need to identify possible downward Perform MASW to identify preferential pathways.
subsidence leading to direct exposure. No past flow. Need to understand potential for Visual inspection/monitoring of surface for erosion
history of driving force or constituent mobility direct exposure and subsidence. Direct Push for leak detection.
for downward or upward flow.

Transport Media Industrial waste with no evidence of soil gas. Need soil gas concentration data Perform STS resistivity and ERT for fluid data. Direct
No transport likely (active samples) for risk assessment. push to collect soil/fluid samples. Obtain active soil

Need data about fluid flow. gas samples in area of passive soil gas hits.

Exposure Point Direct exposure to contents No data gaps or needs No plans to investigate the exposure point

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment. Engineering
and ICs to restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment .

Unplanned Releases Collocated with or Near 218-E-5 Landfill
None.

Vadose Zone
The vadose zone is the focus of ongoing
investigation. Results of sampling proposed
in the SAP (Appendix A) will be presented
in the RI.

Groundwater
Historically, liquid process waste that
was not sent to the Tank Farms, was
discharged to the soil column via ponds,
cribs, ditches, and trenches. Due to these
readily available means of liquid disposal,
coupled with a lack of burial records
indicating disposal of large quantities of
containerized liquid waste in the 200-
SW-2 OU Landfills, a significant downward
driving force for contaminants from the
landfills is not anticipated to be present.
However, the focus of characterization
activities proposed in the SAP (Appendix
A) are intended to investigate the vadose
zone beneath landfill trenches to determine
if contaminants have moved from the
trenches toward groundwater. At this time,
there is no evidence that the 200-SW-2 OU
Landfills are contributing to contamination
of groundwater.

Previous Investigations*

*Location details for the following investigations are mapped on the 218-E-2 through 9 Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive Soil Vapor Sampling

- 218-E-5 and 218-E-5A (2009): These landfills were sampled at 12 locations. There were no significant detections of any constituent, only a very

low detect of methyl ethyl ketone in 218-E-5 at 14 ng in one location.

Number of Samples (ng/sample) Maximum
Result (ng/

Compound 10-100 100-500 500- 1,000 1,000 - 5,000 >5,000 sample)

Methyl ethyl ketone 1 -- -- -- -- 14

Surface Radiation Surveys

* In September 2006 radiological soil mesurements at the 218-E-2 and 218-E-5 Landfills were performed in support of the 200-SW-2-OU non-
intrusive characterization effort. Eight survey locations (hot-spots) were selected for further radiological soil measurments in and around the two
landfills, based on previously collected MSCM data. Cesium contamination appears to be close to the surface and probably not directly related to
the landfill.

Geophysics Summary

" 218-E-5 and 218-E-5A Landfills (2005): These contiguous landfills were investigated as a single landfill. The data indicate that there are two
trenches in 218-E-5 Landfill and one in 218-E-5A Landfill. The geophysical data indicates that the locations of the trenches are generally consistent
with Hanford Site Drawing H-2-55534; however, Trench 2 of 218-E-5 Landfill is roughly 20 m (65 ft) to the west of the location shown on the
drawing.

" Techniques used: EMI, GPR, TMF
CO

CL

Photographic History

1 * 'Depth of vadose zone contamination is unknown. 50
*See LandfillTrench Features table on page 1 for
specific information on trench depth.

30 100
-SD

LEGEND - Stratigraphy

5 Hanford formation (gravel 150
45 dominated sequencel

So DHanford formation (sand
dominated sequence)

V Water table 81im (287 ft)

60 200

GD

75 7 250

GROUNDWATER Not to scale

FG070727,5

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

D-19

Cross Section

218-E-5 Landfill

1-2 m

0 GROUND SURFACE ckfill-2
oil Cover-- 0

A May 1975 photo shows the 218-E-5 landfills and items stored on
the surfaces of colocated landfills 218-E-2, 218-E-2A, 218-E-4,
and 218-E-9.

:;r
(D

CL

d)

Information from photos and logbooks contradicting literature.

A logbook indicates that 7 boxes of waste from the 308 building were buried in this landfill in 1965. *See CSM for 218-E-2/2A/4/9 for more photos.
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Figure D-9

218-E-5A
Landfill

In a 1961 photo. workeris backfilling the stabilized and
foamed box.

T-,

Curie Content: Moderate

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Moderate

Subsidence: Yes

Soil gas detection: No

Landfill Summary

WIDS Code & Aliases

Landfill Type

OU & Category

Dates of Waste Receipt

Location

General Description

Source Facilities
Contributing More
Than 5% of Waste by
Volume

References

Physical Characteristics

Waste Volume (M
3
)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

218-E-5A; Equipment Burial Ground #5A; 200 East Industrial Waste
No. 005A

Industrial

200-SW-2, Past-Practice

1956 to 1958

North of B-Plant (221B); 218-E-2/2A/4/5/5A/9 are colocated.

Three or four large wooden burial boxes containing PUREX
equipment were pulled into a single large excavation in 1958, but
were not backfilled with dirt until 1961. Foam was used to control the
spread of contamination. The site was stabilized (1979-1980) with
0.3 meters (1 foot) of clean dirt and vegetated with wheat grass.

PUREX (202-A)

WIDS; HW-60807; RHO-CD-673; SWITS

Quantity

6,200

0.38

1.4

120

370

Rank

17

23

10

17

11

WASTE RECORDS

Number
Available

10

Record
Rank Quality

18 Moderate

LANDFILLITRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

8 The burial ground probably consists of one burial
pit, 31 x 37 m (100 by 120 ft).

Y

N

RSW?

Caissons?

N

N

Green Islands?

Disposal Pond?

N

N

D-20

Site Map

~*

Characterization Data

LANDFILL CONTENTS

Landfill Inventory

Items Known to be Disposed

Purex J2-Column Package, Purex K2-Column Package, Purex L-Cell Package, Boxes Containing Purex L-Cell Package,
K-2 Tower and J-2 Tower, Boxes of Misc. Cell Equipment.

I I
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Figure D-9

Previous Investigations*

*Location details for the following investigations are mapped on the
218-E-2 through 9 Landfill plate provided on the CD associated with
Appendix D.

Soil Gas Sampling

m Passive soil-vapor sampling

- 218-E-5 and 218-E-5A (2009): Sampled at 12 locations. No
significant detections. Methyl ethyl ketone was detected in one
location at 218-E-5 at 14 ng/sample.

Surface Radiation Surveys

m Not performed.

Geophysics Summary

" 218-E-5 and 218-E-5A Landfills (2005): Landfills are adjacent and
were investigated as a single landfill. 218-E-5 Landfill has two
trenches and 218-E-5A Landfill has one trench. The geophysical
data indicates that the locations of the trenches are generally
consistent with Hanford Site Drawing H-2-55534; however, Trench 2
of 218-E-5 Landfill is roughly 20 m (65 ft) to the west of the location
shown on the drawing.

" Techniques used: EMI, GPR, TMF

Cross Section
218-E-5A Landfill

0 GROUND SURFACE SB~k q

15 -Depth of vadose zone contamination is unknown. 50
-See Landfillrench Features table on page 1for
specific information on trench depth.

orr
J

- I

LEGEND - Stratigraphy -2
oro

M45 G,1Hanfordformation (gravel 150
dominated sequence)M

CL so Hanford formation (sand
dominated sequence)

V Watertable 81 m (267 ft)

60 200

GD

7 q V250

GROUNDWATER Not to scale

FG070727.5

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Photographic History

uf

n a 1961 photo, worker is backfilling the stabilized and
foamed box.

Vadose Zone

The vadose zone is the focus of ongoing investigation.
Results of sampling proposed in the SAP (Appendix A)
will be presented in the RI.

Groundwater

Historically, liquid process waste that was not sent to
the Tank Farms, was discharged to the soil column via
ponds, cribs, ditches, and trenches. Due to these readily
available means of liquid disposal, coupled with a lack
of burial records indicating disposal of large quantities of
containerized liquid waste in the 200-SW-2 OU Landfills,
a significant downward driving force for contaminants
from the landfills is not anticipated to be present.
However, the focus of characterization activities proposed
in the SAP (Appendix A) are intended to investigate the
vadose zone beneath landfill trenches to determine if
contaminants have moved from the trenches toward
groundwater. At this time, there is no evidence that the
200-SW-2 OU Landfills are contributing to contamination
of groundwater.

April 19, 1961 photos of 218-E-5A correlate well with the WIDS description of the backfilling operation for
deteriorating wooden boxes, which occurred that date and which used foam as contamination control. Operator is
foaming pit and interior of box.

Unplanned Releases Collocated with or Near 218-E-5A Landfill
None.

Information from photos and logbooks contradicting literature.
Photos and WIDS indicate that waste in this landfill was backfilled in 1961.

D-21

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Moderate record quality; however, no Need additional records and Review/reprocess existing geophysics and
indication of mobile constituents from information, if possible. Need EMFLUX search for new information/records on contents.
EMFLUX data to infer constituent mobility. Need Collect EMFLUX data to confirm source

to confirm contents. knowledge. Focused and random test pits.

Release Mechanism Likeliest release mechanism is erosion/ Need to identify possible downward Perform MASW to identify preferential
subsidence leading to direct exposure. flow. Need to understand potential for pathways. Direct Push for leak detection. Visual
No past history of driving force or direct exposure inspection/monitoring of surface for erosion and
constituent mobility for downward or subsidence.
upward flow.

Transport Media Industrial waste with no evidence of soil Need soil gas concentration data Perform STS resistivity and ERT for fluid data.
gas. No transport likely (active samples) for risk assessment. Direct Push for soil/fluid samples. Obtain active

Need data about fluid flow. soil gas samples in area of passive soil gas hits.

Exposure Point Direct exposure to contents No data gaps or needs No plans to investigate the exposure point

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment.
Engineering and ICs to restrict access and
exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.
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Figure D-10

21 8-E-8
Landfill

June 1969: aerial photo looking southwest shows waste in the
200-E Burn Pit (non-radioactive) adjacent to 218-E-8. The photo

suggests some overlap between the locations of the landfill and

burn pit. The photo shows open trenches in 218-E-12B (top right).
the 216-B-2 ditches (top), the 200-E Burn Pit (center), and the 218-

E-8 landfill (upper centeri.

Curie Content: Low

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Poor

Subsidence: No

Soil gas detection: Yes

Landfill Summary

WIDS Code & Aliases

Landfill Type

OU & Category

Dates of Waste Receipt

Location

General Description

Source Facilities
Contributing More Than
5% of Waste by Volume

References

218-E-8, 200 East Construction Burial Grounds

Construction

200-SW-2, Past Practice

1958 to 1959

North of B-Plant (221B); 218-E-2/2A/4/5/5A/9 are colocated.

The site was used to dispose of equipment from 293-A construction
and the temporary PUREX canyon ventilation barricade used for the
1959 crane addition to PUREX. The waste is mainly equipment and
construction debris. The number of trenches is not known.

PUREX (202-A and 293-A)

WIDS; HW-60807; BHI-00178; PNL-6456; SWITS

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (M
3
)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE RECORDS

Number
Available

5

Rank

19

Quantity

2,300

0.44

0.02

2

0.2

Rank

20

22

19

19

22

Record
Quality

Poor

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

8 Literature indicates the site consists of an
unknown number of backfilled trenches; photos
show one or two large pits.

2

N

N

RSW?

Caissons?

N

N

Green Islands?

Disposal Pond?

N

N

Site Map

0 Monitoring Well

X Decommissioned Well

E71Radioactive Solid Waste

Unused Waste Area

Aerial Imagery from April 2012.

0 10 20m

0 20 40 60 ft
CHSGW20140263

D-22

E34-3

218-E-8

PRC-SpaiaPmet

Landfill Inventory

Items Known to be Disposed

No landfill inventory records available for this landfill. (SWITS)

I



DOE/RL-2004-60, DRAFT B
MARCH 2015

Figure D-10

Previous Investigations*

*Location details for the following investigations are mapped on the 218-E-8 Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive soil vapor sampling

- 2009: This landfill was sampled at two locations. There were no significant detections of any constituent, only one very low detect of chloroform at 23
ng in one location; and a very low detect of methyl ethyl ketone at 11 ng and tetrachloroethene at 22 ng in another location.

Number of Samples (ng/sample) Maximum Result (ngl

Compound 10- 100 100-500 500- 1,000 1,000 - 5,000 >5,000 sample)

Methyl ethyl ketone 1 11

Chloroform 1 23

Tetrachloroethene 1 22

Surface Radiation Surveys

m Based on the 2011 survey, only one area on the north end had a counts per second (cps) count in the range of 1001 to 1250.

Geophysics Summary

* 2005, 2006: The 2005 geophysical data for this landfill showed no clear indications of any distinct trenches or large concentrations of buried debris.
The 2006 geophysical data indicated buried objects and/or debris outside of the marked landfill. Near the landfill boundary is one buried object (or
concentration of smaller objects) that may be associated with the landfill. A significant pit of buried debris was located approximately 60 m (197 ft) east
of the landfill. In addition, EMI data strongly suggested a buried utility along the northern boundary of the investigation area, although this could not be
corroborated by other methods or engineering drawing.

* Techniques used: EMI, GPR, TMF

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Poor records; however, no indication of Need additional records and Review/reprocess existing geophysics
mobile constituents from EMFLUX information, if possible. Need to and search for new information/records on

confirm contents. contents. Focused and random test pits.

Release Mechanism Likeliest release mechanism is erosion/ Need to understand potential for Visual inspection/monitoring of surface for
subsidence leading to direct exposure. No direct exposure. Need to identify erosion and subsidence. Horizontal boring
past history of driving force or constituent possible downward flow. and Direct Push for leak detection.
mobility for downward or upward flow.

Transport Media Construction waste with no evidence of soil Need data about fluid flow. Horizontal drilling and Direct Push for soil/
gas. No transport likely fluid samples.

Exposure Point Direct exposure to contents No data gaps or needs No plans to investigate the exposure point

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment.
Engineering and ICs to restrict access and
exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.

Photographic History

Undated aerial photo, probably about 1970,
looking northeast. Shows open trench in 218-
E-12B, 200 East Burn Pit, and possibly waste
stored on surface of 218-E-8.

1988 photo (top
of photo is north)
shows waste
stored on surface
of 200 East Burn
Pit adjacent to
218-E-8

Vadose Zone

The vadose zone is the focus of ongoing investigation. Results of sampling proposed in the SAP (Appendix A) will

be presented in the RI.

Groundwater

Historically, liquid process waste that was not sent to the Tank Farms, was discharged to the soil column via
ponds, cribs, ditches, and trenches. Due to these readily available means of liquid disposal, coupled with a lack of
burial records indicating disposal of large quantities of containerized liquid waste in the 200-SW-2 OU Landfills, a
significant downward driving force for contaminants from the landfills is not anticipated to be present. However, the
focus of characterization activities proposed in the SAP (Appendix A) are intended to investigate the vadose zone
beneath landfill trenches to determine if contaminants have moved from the trenches toward groundwater. At this
time, there is no evidence that the 200-SW-2 OU Landfills are contributing to contamination of groundwater.

D-23

1975 photo (top is north) shows backfilled trenches in the 200 East
Burn Pit (center) adjacent to the 218-E-8 landfill (left).

Cross Section

218-E-8 Landfill

1-2m

0 GROUND SURFACE Bsdi 4. 0S9jlC.ver

'Depth of vadose zone contamination is unknown. 50
See Landfilirrench Features table on page 1 for

(Z specific information on'trench depth.

SD 0

LEGEND - Strttigrphy

a)

a) ~GD Hanford formation (gravel C
45 0-dominatedsequence) 150

So CL

CL Hanford formation (sand
adominated soquence

tWatertable65on(212___t)

60 g0

V250

GROUNDWATER Not to srl

FG070727 9

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Unplanned Releases Collocated with or Near 218-E-8 Landfill
None.

Information from photos and logbooks contradicting literature.
Photos from the late 1960s through late 1980s show the non-radioactive 200 East Burn Pit adjacent to the
radioactive 218-E-8 landfill. The burn pit was still in use during that period but the landfill was backfilled. The
landfill footprints of the two waste sites appear to overlap in places. Geophysical investigations of 218-E-8
have been difficult to interpret because of the close proximity of the two waste sites.
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Figure D-11

218-E-9
Landfill

May 1971: photograph shows items stored on the surfaces of
colocated landfills 218-E-2. 218-E-2A. 218-E-4. and 218-E-9.

Curie Content: Low

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Poor

Subsidence: No

Soil gas detection: Yes

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (m3)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE INFORMATION

Number
Available

0

Rank

24

Quantity

0.56

0

0

10

Rank

23

21

22

21

20

Record
Quality

Poor

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

5 Although some literature sources indicate this
site was used only for above ground storage,
observations in 1980 suggest that the site
consists of one backfilled trench. Site area
overlaps with trenches in 218-E-2.

N RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

N

N

D-24

Site MapLandfill Summary

WIDS Code & Aliases 218-E-9, 200 East Regulated Equipment Storage Site No. 009,
Burial Vault (HISS)

Landfill Type Industrial

OU & Category 200-SW-2, Past Practice

Dates of Waste Receipt 1953 to 1958

Location North of B-Plant (221B); 218-E-2/2A/4/5/5A/9 are colocated.

General Description No burial records. The site was used as an above ground storage
site for fission product equipment that became contaminated in the
uranium recovery process operations at tank farms. It is not certain
that it ever was used as a landfill. The site was stabilized in 1980
and restabilized in 1991 when contaminated vegetation was found.
The boundary between 218-E-2 and 218-E-9 is unknown; therefore,
geophysics data for both landfills is provided.

Source Facilities No records of burials.
Contributing More Than
5% of Waste by Volume

References WIDS

218-E-2 
T1o 218-E-9

T08

T04

Landfill Inventory

Items Known to be Disposed

No landfill inventory records available for this landfill. Landfill inventory was estimated from SWITS.
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Figure D-11

Previous Investigations*

*Location details for the following investigations are mapped on the
218-E-2 through 9 Landfill plate provided on the CD associated with
Appendix D.

Soil Gas Sampling

m Not performed.

Surface Radiation Surveys

m Not peformed.

Geophysics Summary

m 218-E-2 and 218-E-9 Landfills (2009): These two colocated
landfills consist of nine trenches oriented east-west. Three
primary zones of anomalies were identified, and each zone
has characteristics that are usually associated with trenches
containing buried debris. The northern most zone of anomalies
correlates withthe documented locations of Trenches 4, 5, 6, 7,
10, and 12. The middle concentration of anomalies correlates with
Trench 8, and the southernmost zone correlates with Trenches
9 and 11.The average depth to the top of the debris is generally
1 to 2 m (3.3 to 6.6 ft). The trenches are comprised primarily of
metallic and non-metallic debris.

m Techniques used: TDEM, EMI, GPR, TMF

GEOPHYSICAL TRENCH DATA

Trenches 4,
5,6,7, 10,
and 12

Drawing H-2-55534 shows six trenches oriented
east-west within an area approximately 145 m by
45 m (476 ft by 148 ft). There is evidence of multiple
trenches in the geophysical data; however, there
is not a clear delineation between trenches. The
average depth to the top of the debris from the
ground surface is generally 1ito 2 m (3.3 to 6.6 ft).
The trenches contain significant amounts of metallic
debris, but anomalous features were not detected
in several areas within the interpreted trench
boundaries.

Trench 8 The extent of the geophysical anomalies in this area
is consistent with the Trench 8 boundaries depicted
in drawing H-2-55534. The excavation boundaries for
a significant portion of the trench were detected with
the GPR data. Trench 8 anomalies are comprised
primarily of concentrations of metallic and non-
metallic debris, with an average depth of 1 to 2 m
(3.3 to 6.6 ft) below ground surface (bgs).

Trenches 9 The most notable features in this area are two
and 11 distinct concentrations of anomalies that correlate

fairly well with Trenches 9 and 11 (shown on drawing
H-2-55534). The concentrations of anomalies appear
to include both metallic and non-metallic debris, with
an average depth of 0.5 to 2 m (1.6 to 6.6 ft) bgs. The
northern excavation boundary is fairly distinct in the
GPR data. The southern excavation boundary is not
as clear and appears to be just beyond the area of
GPR coverage in some areas.

Information from photos and logbooks contradicting literature.

Photos from 1965, 1970, and 1976 show waste stored aboveground on 218-E-2, 218-E-4, and 218-E-9. *See CSM for 218-E-2/2A/4/5 for more photos.

D-25

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source No records and perhaps no waste. No indication of Need additional records and information, if possible. Review/reprocess existing geophysics and search for
mobile constituents from EMFLUX Need EMFLUX data to infer constituent mobility. Need new information/records on contents. Collect EMFLUX

to confirm contents. data to confirm source knowledge. Focused and
random test pits.

Release Mechanism Likeliest release mechanism is erosion/ subsidence Need to identify possible downward flow. Need to Perform MASW to identify preferential pathways.
leading to direct exposure. No past history of driving understand potential for direct exposure Visual inspection/monitoring of surface for erosion
force or constituent mobility for downward or upward and subsidence. Horizontal and Direct Push for leak
flow. detection.

Transport Media Industrial waste with no evidence of soil gas. No Need soil gas concentration data (active samples) for Perform STS resistivity and ERT for fluid data.
transport likely risk assessment. Need data about fluid flow. Horizontal drilling and Direct Push for soil/fluid

samples. Obtain active soil gas samples in area of
passive soil gas hits.

Exposure Point Direct exposure to contents No data gaps or needs No plans to investigate the exposure point

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment. Engineering
and Cs to restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.

Unplanned Releases Collocated with or Near 218-E-9 Landfill

None.

Photographic History

A June 1976 photo shows the 218-E-2/2A/4/9 landfills with items stored aboveground.

Vadose Zone

The vadose zone is the focus of ongoing
investigation. Results of sampling
proposed in the SAP (Appendix A) will be
presented in the RI.

Groundwater

Historically, liquid process waste that
was not sent to the Tank Farms, was
discharged to the soil column via ponds,
cribs, ditches, and trenches. Due to these
readily available means of liquid disposal,
coupled with a lack of burial records
indicating disposal of large quantities of
containerized liquid waste in the 200-
SW-2 OU Landfills, a significant downward
driving force for contaminants from the
landfills is not anticipated to be present.
However, the focus of characterization
activities proposed in the SAP (Appendix
A) are intended to investigate the
vadose zone beneath landfill trenches to
determine if contaminants have moved
from the trenches toward groundwater.
At this time, there is no evidence that the
200-SW-2 OU Landfills are contributing to
contamination of groundwater.

Cross Section

218-E-9 Landfill

1-2 rm

o GROUND SURFACE k 1l 0__________________________ Soil___ cover....

15 *Depth ofvadose zone contamination is unknown. 50
*See Landfillrrrench Features table on page 1 for
specific information on trench depth.

LO 100
-- SD - e

I. -

- LEGEND - Stratigraphy

00 45GD Hanford formation (gravel
do *minated sequence) 150 :

CLo

a) at) Hanford formation (sand
dominated sequence)

'7 Water table 81 m (265 11)

60 200

SGD

250

GROUNDWATER Nottoscale

FG070727.5

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.
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Figure D-12

218 E 1
Landfill

Concrete dragoff box common in TSD landfills - burial records
show 178 such boxes in 218-E-10. about 30% of the waste volume

of the landfill.

Curie Content: Highest

Green Islands: Yes

Hydraulic Driving Force: No

Record Quality: Moderate

Subsidence: Yes

Soil gas detection: N/A

Landfill Summary

WIDS Code & Aliases

Landfill Type

OU & Category

Dates of Waste Receipt

Location

General Description

Source Facilities
Contributing More Than
5% of Waste by Volume

References

218-E-10, 200 East Industrial Waste No. 10, Equipment Burial
Ground #10

Industrial TSD Unit

200-SW-2, Treatment, Storage, and Disposal

1960 to 2000

Northwest of B-Plant (221B); northwest of 218-E-2/2A/4/5/5A/9

The site is located within the LLBG TSD unit. Wastes disposed to
the site include cover blocks, tube bundles, jumper vessels, pumps,
columns, and filters. In June 1960, a partially covered burial box
of PUREX tube bundles caused an airborne contamination spread
(UPR 200 E 23). In 1980, Trenches 1 through 5 were backfilled and
stabilized. The section was vegetated with grasses.

100 Area, B Plant (221 B/224-B), Offsite, PUREX (202-A)

WIDS; HW-60807; SWITS

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (M
3

)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE INFORMATION

Number
Available

592

Quantity

26,000

23

4.9

840

1,700,000

Rank

4

2

8

11

1

Record
Rank Quality

10 Moderate

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

5 There is one unnumbered east-west trench in two
sections, and 13 north-south trenches that are
numbered from east to west 1-9, 11, 12, 14, 16.
Trench 14 is divided in two sections. Trenches
are quite varied in length, spacing, and width.

14

Y

N

RSW?

Caissons?

N Green Islands?

N Disposal Pond?

Y

N

Site Map

E32-8 E32-9, E32-1 0 -E33-34 . .....

E32-7

.. E32-1

E32-6

E 2-2 E33-266 E33-3

218E-O T8 07 T06 T05 T04 T03 T02 ToI E33-29

E32-4

E32-41'

E228-22

* Monitoring Well

W Decommissioned Well

Well prefix '2992 omitted

| Radioactive Solid Waste

I Post-August 19, 1987 Mixed Waste

Unused Waste Area

Operational Boundary

Aerial Imagery from April 2012.

0 50 10m

0G100 200 300\G

*Some of the post-August 19, 1987 mixed waste (green islands) in trench T09 are currently being considered for removal from
RCRA. See DOE/RL-2014-43 for more information.
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Figure D-12

Previous Investigations*

*Location details for the following investigations are mapped on the
218-E-10 Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Not performed.

Surface Radiation Surveys

m Based on the 2010 survey, there were numerous areas in the
center of the landfill that had cps greater than 1500. The west
and east ends had numerous areas with counts per second (cps)
between 750 and 1000.

Geophysics Summary

m Surface geophysical investigations did not identify the presence
of any buried materials or trench-like features at this site with the
exception of an anomaly that is approximately 10 x 20 m (33 x

65 ft) in area centered about N137700 and E572990. Ground-
penetrating radar data indicate that this area likely contains
shallow, scattered material from 0.3 to 1.0 m (1ito 3.3 ft) below the
surface.

Groundwater Monitoring

" LLWMA 1 - monitoring wells have been sampled since 1988
for contaminant indicator parameters, groundwater quality
parameters, drinking water parameters, and site specific
parameters as required by WAC 173-303-400(3). Background
monitoring began in 1988, and initial background comparison
values for the indicator parameters (e.g., total organic carbon, total
organic halides, pH, and specific conductivity) were established
in 1989 using data from four quarters from upgradient wells
299-E28-27, 299-E33-28, and 299-E33-29. Several specific
conductance exceedances occurred from late 1989 until 2000,
but increased sampling frequencies provided evidence that the
elevated specific conductance, and associated contaminants,
were not associated with 218-E-10, but were from either the liquid
waste disposal facilities to the south or the BY Cribs.

" Currently, groundwater monitoring activities at 218-E-10 consist
of water-level monitoring and chemical constituent monitoring.
The burial ground is sampled semi-annually from a network of
17 wells. Samples are analyzed semi-annually for the indicator
parameters, anions, and metals and annually for alkalinity,
mercury, lead, and phenols. Sitewide water-level measurements
are collected every March. Regional water-level measurements
have also been collected monthly since June 2008.

" Based on the general geochemnical conditions and the
nonradiological waste constituents reported beneath 218-E-
10, significant contaminant migration appears unlikely. Even if
large volumes of water may have been applied to fix radiologic
contamination (e.g. UPR-200-E-23), gross-gamma logging
results from 1987 at proximal wells 299-E28-27 and 299-E33-29
(approximately 87 m and 118 m [285 ft and 387 ft], respectively)
showed no elevated sign of gamma. The mobility of lead and
cesium is approximately the same (PNNL-11800). Furthermore,
asbestos (which is orders of magnitude larger in size than
molecular ions associated with porewater) would have even less
mobility.

Well 299-E33-265
In 2012, TOC was confirmed to exceed the critical mean in downgradient
well 299-E33-265. The elevated TOC at this well was coincident
with a flow reversal. As a result, a draft of DOE/RL-2012-35 was
submitted to Ecology in May, 2012. Evaluation of the assessment
results were reported in the First Determination RCRA Groundwater
Quality Assessment Report for Low-Level Burial Grounds Low-Level
Waste Management Area-1, DOE/RL-2013-25, which was submitted
to the Administrative Record on May 10, 2013. The conclusion of the
report was that no dangerous waste/dangerous waste constituents
in groundwater were associated with the 216-E-10 Landfill; however,
the TOC values remained elevated at well 299-E33-265. In addition,
Washington Department of Ecology took an independent sample of the
well on July 30, 2014, and confirmed these results.

The most likely reason for the elevated TOC is an upgradient source of
natural organic material near the well. This conclusion stemmed from the
non-detect organic results throughout the well network and the low TOC
in neighboring wells 299-E33-30 and 299-E33-266, located 58 meters to
the east and 37 meters to the west, respectively. Thus, interim detection
monitoring was reinstated in 2013 as defined by DOE/RL-2009-75.

Cross Section

218-E-10 Landfill

1-2 m

_GROUND SURFACE PokSI 4 0$0,1cov

'Depth of vadose zone contamination is unknown.
15 50

See LandfiliTrench Features table on page 1 for specif-
ic information on trenchndepth.

E

30 _")O md ad si a 0
Ringo Formaio , nit

r 1

000

CLa

75 GROUNWAT Nottoscale 250
FG070727A

*Water table depth was calculated from data in RHO-CD-673,

Handbook 200 Areas Waste Sites.

Vadose Zone

The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in the RI.

Groundwater

Historically, liquid process waste that was not sent to the Tank Farms,
was discharged to the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means of liquid disposal,
coupled with a lack of burial records indicating disposal of large
quantities of containerized liquid waste in the 200-SW-2 CU Landfills,
a significant downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of characterization
activities proposed in the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to determine if contaminants
have moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 CU Landfills are contributing to
contamination of groundwater.

I
D-27

Photographic History

June 1976: 218-E-10 shows trenches in the center of the
landfill open for waste receipt. This correlates well with
SWITS records, which indicate that Trenches 6 and 8
received waste that year.

Over 300 burials, about one-third of
the waste volume in 218-E-10, were
directly dumped into the landfill via truck,
similar to the depiction in this photo
taken in an unknown location. The truck
contents are usually described as "waste
accumulation", "concrete", "soil", or
"tumbleweeds".

I I
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Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Medium quality records with no indication of mobile Need baseline geophysics. Need EMFLUX to confirm no Obtain baseline geophysics. Collect EMFLUX data to confirm
constituents in the waste. mobile constituents source knowledge.

Release Mechanism Likeliest release mechanism is erosion/ subsidence. No Need to understand current erosion/subsidence activity and Visual inspection/monitoring of surface for erosion and subsidence.
past history of driving force. No evidence of constituent potential. Need to identify possible downward flow. Horizontal and Direct Push for leak detection.
mobility via gas or leachate flow.

Transport Media No evidence of soil gas or leaching. Potential for direct Need soil gas concentration data (active samples) for risk Horizontal drilling and Direct Push for soil/fluid samples. Analyze
transport of waste after being uncovered by erosion/ assessment. Need data about fluid flow. Need to review site directly exposed or transported waste, if present. Obtain active soil
subsidence. history to assess if waste has been directly transported (e.g., gas samples where passive soil gas hits.

blown about by wind, exposed by storms)

Exposure Point Direct exposure to contents Need to confirm site conditions and waste containment Review/inspect site surface for exposed waste

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment. Engineering and ICs to
restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.

Unplanned Releases Collocated with or Near 218-E-10 Landfill

Site Code Site Name Location Years of Source Facility Contaminant Depth Waste Site General Description
Operation Inventory/Volume Dimensions

Released

UPR-200-E-23 UPR-200-E 23, Burial Release occurred at 218-E- 1960 PUREX F-11 and Particles and N/A N/A The unplanned release (UPR-200-E-23)
Box Collapse at the 10 Landfill; the contamination H-4 tube bundles contaminated soil occurred at the 218-E-10 Landfill when large
218-E-10 Burial Ground, spread east and southeast up to boxes of contaminated PUREX equipment
UPR-200-W-158 4.8 km (3 mi) bey-ond the 200 collapsed and spread contamination. The

East Area perimeter fence. maximum dose rate at the box was 5 rad/h
(100 ft) from the box. The box was partially
covered with soil. ("Consolidated")

UPR-200-E-24 UPR-200-E-24, Contamination spread from 1960 PUREX F-11 and Particles and N/A N/A An unplanned release (UPR-200-E2-3)
Contamination Plume 218-E-10 Landfill to 4.8 km (3 H-4 Tube bundles contaminated soil occurred at the 218-E-10 Landfill when large
from the 218-E-10 Burial mi) beyond the 200 East Area boxes of PUREX equipment collapsed and
Ground, UN-200-E-24 perimeter fence. spread contamination. This related unplanned

release (UPR-200-E-24) also is reported to
account for the airborne contamination plume
from the broken box. ("Consolidated")

UPR-200-E-30 UPR-200-E-30, UN- Within the 218-E-10 Landfill. 1961 N/A Process jumpers N/A Area of 37,161 m2 A wooden burial box containing 82 highly
200-E-30 and contaminated (400,000 ft2) contaminated process jumpers collapsed

soil as it was covered with soil. This has been
assigned to the 218-E-10 Landfill. Maximum
contamination of 500 mR/h was spread over a
37,161 m2 (400,000 ft2) area. The landfill has
been surface stabilized. ("Consolidated")

D-28

Landfill Inventory

Items Known to be Disposed

Wood Roofing, Wood and Roofing, Wood, WESF Drums, Waste from
Trap Pit #5 Reading Over 1000 C/ft3 , Waste from Trap Pit #2, Waste from
Membrane Filter Press, Waste from 225-B in Drums Out of Cell 4, Waste
Drums from 225-B, Waste Drums, Waste Boxes, Valves, Two Tube
Bundles #63 and 68, Two Purex Tube Bundles H4 and F-11, Two Purex
Tube Bundles F6 and 11, Two Hood Panels from Z Plant in Std Concrete
Burial Box, Tumbleweeds, Tube Bundles, Terra Cotta, T-18-2 Column,
Steel Spacers, Steel Roll Door, Steel Overpacks, Steel Low-Boy Trailer
with Wooden Box, Stainless Steel, Spacers, Soil, Sieve Plate and Misc.
Small Items, Scrubbers, Scrap Metal From 221-T Canyon, Sand and
Gravel from A-Farm Complex Fence Line, Sampler, Rudy Cart, Rubble,
Rubber, Roofing, Resin TK From 18-2 Tank, Resin Tank and Filter,
Railroad Rail with Two Wheel Stops, Radiation Waste Boxes, Purex
L-l Column, Purex HC Column, Purex FA-1 Filter, Purex Cover Blocks,
Purex Centrifuge Blocks, Pumps F-22-5 Filters, Pumps, Pump-Agitator,
PRTR Connecters, PPE, Plywood Boxes, Plastic Liner Inside Concrete
Box, Plastic Liner and Absorbent Materials with Plywood Boxes, Plastic
Liner, Plastic, Planks, PDR RHO 82-359 2-Concentrator, Parts For
2 Pumps, Paper, P-25-2 Pumps, Old Pr Cans, Non-Containerized
Tumbleweeds Collected in Compactor Truck, Misc. Small Tools, Misc.
Dry High Dose Rate B-G Contaminated Failed Equipment from the
Purex Canyon, Misc. Purex Canyon Waste Including Piping, Misc.
Jumpers and Rags from Canyon, Misc. High-Level Waste Consisting
of Failed Canyon Jumpers and Metal Items All Dry, Misc. Failed
Equipment, Misc. Dry Waste, Misc. Dry High Rate B-G Waste, Misc.
Contaminated Equipment, Misc. Canyon Waste, Misc. Canyon Trash,
Metal, Mark I Type Wrapped in Plastic and Loose Packed Metal Basin
Debris, LLW Soil from 3707D Facility in 300 Area, LLW, Lead Shielding,
Laundry Bags, Laundry and Barrels from 225-B (Misc.), Laundry, Lard
Cans, L-9 Vessel and Piping, Key Block Off of Cell 39, K-3 Filter B
Plant, K-3 Filter Box, Junk Metal, Jumpers, ITS Heaters, Irradiated Steel
Spacers, Irradiated Spacers in Burial Box, Irradiated N Reactor Carbon
Steel Dummies, Irradiated Fuel Spacers Removed From 105-N #2 Site,
Irradiated Fuel Spacers, Irradiated Canisters, Hot Shop Wastes, Hood
Panels from L-9, High-Level Equipment, High-Level B-G Contaminated
Failed Equipment from Purex Canyon, HEPA Filters, General Purpose
Burial Box, Gantry Crane Steel Beam, Gantry Crane Parts, Fuel Spacers
and Canisters Inside Plastic-Lined Concrete Box, Fuel Spacers, Fuel
Canisters, Filters from 233-S Building, Filters, FB Boxes Waste Rags,
Failed Pumps and Agitators, Failed Process Equipment, Failed Motor,
Failed Jumpers, Failed Equipment Out of Canyon, Failed Equipment,
F-22-5 Filters, F1 Filter, Expansion Joints, Excess Jumpers, Excavation
Material from 2706T W 259 Project, Equipment, Electric Cable Hoist with
Trolley, E-E-1 Nozzle Plate, E-E-1 Frame, E-5-2 Concentrator, Drums
of Waste Laundry, Drums of Waste from 225-B, Drums, Drum of Filters,
Disposal of Contaminated Change Trailer, Dewatered Sludge, Cut Up
Jumpers, Cover Blocks, Contaminated Laundry, Concrete Waste Burial
Box, Concrete Styrofoam, Concrete Slab, Concrete Rubble, Concrete
Roofing, Concrete Expansion Joints, Concrete Cell Blocks, Concrete
Blocks, Concrete, Concentrator Tube Bundles # 53 and 56, Cloth,
Centrifuge Blocks from 221-B, Cell Jumpers, Caster Heads, Caster
Assembly, Cask with Nozzle Inside, Case Core 15R/C, Carbon Steel,
Canyon Waste, Canyon Trash, Canyon Burial From Purex, Canisters
Inside Wood Boxes, Canisters, Bulk Soil, Box Filled with Absorbent
Layer, Box Containing Straw, Blanks and A Pump, Bent Jumpers, B-2
Tank, Asphalt, Aluminum Shavings, Agitators, Absorbent Material,
55-Gal Drums, 2A Column, 244 AR-Filter Box, 244-AR Vanet Pump,
125-Hp Electric Motor.Information from photos and logbooks contradicting literature.

A logbook indicates that this landfill went into service in 1955.
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Figure D-13

21 8-E12A
Landfill

September 1965: 218-E-12A (looking east) shows open, unfilled
trenches near the landfill center with mainly filled trenches to

the east and unfilled land to the west. It correlates well with the
operations dates of 1953-1967 and the sequence of trench filling

from est tn weat

Curie Content: Low

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Moderate

Subsidence: No

Soil gas detection: No

Characterization Data

LANDFILL CONTENTS

Physical Characteristics C

Waste Volume (M3)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE RECORDS

Number
Available

Quantity Rank

15,000 9

10 8

9

990

5

9

40 18

Record
Rank Quality

92 13 Moderate

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

4 The site contains 28 burial trenches that have
been backfilled and surface stabilized. A 1960s
era logbook indicates that a trench was dug five
feet deep. Visual observations confirmed some
waste visible at surface, prior to stabilization
efforts.

28

N RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

N

N
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Site Map

E27-8

Landfill Summary

WIDS Code & Aliases 218-E-12A, 200 East Dry Waste No. 12A

Landfill Type Dry Waste

OU & Category 200-SW-2, Past Practice

Dates of Waste Receipt 1953 to 1967

Location Northwest of the C Tank Farm and south of 218-E-12B Burial Ground

General Description The site received cardboard boxes and plastic bags of radioactive
waste. Trenches 4 through 11, 15, 16, and 26 through 28 contain
acid-soaked material in 2 m (7 ft) deep trenches. A waste inventory
logbook documents burials of tank farm dip tubes, an impact wrench,
contaminated cable, jumpers, animal carcasses from 108-F, and an off-
site shipment of depleted uranium. The trenches were backfilled, and
stabilization occurred in 1979 and 1980. Biobarriers installed at the site
included polyethylene liners and ureabor (herbicide) to kill vegetation.
The site was stabilized again in 1994 with 50-60 cm of clean fill.

Source Facilities 200 East Area
Contributing More Than
5% of Waste by Volume

References WIDS; HW-60807; 218-E-12A Logbook; PNL-6456; SWITS

oE27-9

HH 1 - -1-J-

[T27

IL

Tj T15

T16 TO

8-E 12A
T03

Monitoring Well

Decommissioned Well

Well prefix'299-' omitted

SRadioactive Solid Waste

Unused Waste Area-

Operational Boundary

Aerial Imagery from April 2012

L ---- -- 25 50 m

S 50 100 15 ft
HSGW

E27 15

OE27 12

E27 4'

PRC-SpetaProlects\SGI\GISProectsMXDG200SW2\CHSGW2014fl66

T

Landfill Inventory

Items Known to be Disposed

Containers, Drums Depleted Uranium and Contaminated Scrap, 241-A Bumper Log, 90 Linear Feet of Hogwire from B Plant
Intersection Diversion Box, 5/8-inch Purex Gantry Crane Cable, Impact Wrench (Redox Type) with Attached T-Bar Encased
in Plastic, Animal Carcasses from 100F, Cardboard Cartons, Containers & Pcs Piping, Containers Air Conditioner Pads,
Containers Misc. Waste, Containers Offsite Depleted Uranium, Diversion Box Vent Pipe, Jumper from Purex #6 Trap Pit,
Metal, Misc. Boxes, Misc. Shelving, Bins, & Scrap Lumber, Pickup Load of Paper, Poles, Preheat Coil Reading, Routine
Trench Accumulation From Purex, Several Truck Loads of Tumbleweeds from 275-EA at Purex's Request, Standard Boxes
- Misc. Waste, Temp. Construction Shack, 102A Pump from 241-A Tank Farm in Special Plastic-Shrouded Rack, Boxed
Waste from Purex Plant Containing Both Pu and Mixed Fission Products, Truck Loads of Contaminated Lumber and Trash
from 275 EA, Tubes from 241-CR Encased in Plastic and in Burial Boxes, Used Light Bulbs, Waste Cartons of Filter Media
from 2E General Area, Wires, Wood, Wood Box Containing Purex Waste from Trap Pit #2.

I
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Figure D-13

Previous Investigations*

*Location details for the following investigations are mapped on the 218-E-12A Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive soil vapor sampling

- 2009: This landfill was sampled at 10 locations. There was one low detect of 1,1,1-Trichloroethane at 13 ng/sample.

Number of Samples (ng/sample) Maximum
Result (ng/

Compound 10- 100 100-500 500- 1,000 1,000 - 5,000 >5,000 sample)

1,1,1-Trichloroethane 1 -- -- -- -- 13

Note: 10 total sample locations are at the 218-E-12A Landfill.

Surface Radiation Surveys

m Several areas in the south were identified having cps greater than 1500. An area along the northern boundary had numerous areas with cps
ranging from 750 and 1250.

Geophysics Summary

* 2006: Fifteen trenches were documented as containing dry waste in Hanford Site Drawing H-2-32095. Pockets of debris and metallic waste were
located and mapped in each of the dry-waste trenches. The remaining 13 trenches are documented as containing acid-soaked material and are
shown on Hanford Site Drawing H-2-32560. All of the acid-soaked material trenches are documented as being in the eastern half of the landfill,
and the geophysical data suggests that most of the debris in these apparently narrow, shallow acid-soaked material trenches is nonmetallic.

* In all of the dry waste trenches, concentrations of metallic waste were identified. Because of the depth of burial of the debris in trenches and the
marginally favorable soil conditions, it is assumed that there is more debris in the trenches than was detected in the data.

* All of the acid trenches are documented as being in the eastern half of the landfill where the soil conditions are least favorable to GPR.

* Techniques used: EMI, GPR, TMF

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and
Rationale

Source Moderate quality records; however, no Need to review existing data, and Review/reprocess existing
indication of mobile constituents from obtain additional records/information geophysics. Focused and random
EMFLUX if possible. test pits.

Release Mechanism Likeliest release mechanism is erosion/ Need to understand current erosion/ Visual inspection/monitoring
subsidence. No past history of driving subsidence activity and potential. of surface for erosion and
force or constituent mobility via gas or Need to identify possible downward subsidence. Horizontal boring and
leachate flow. flow Direct Push for leak detection.

Transport Media Dry waste with no evidence of soil gas or Need data about fluid flow. Need to Horizontal drilling and Direct Push
leaching. Potential for direct transport of review site history to assess if waste for soil/fluid samples. Analyze
waste after being uncovered by erosion/ has been directly transported (e.g., directly exposed or transported
subsidence. blown about by wind, exposed by waste, if present.

storms)

Exposure Point Direct exposure to contents Need to confirm site conditions and Review/inspect site surface for
waste containment exposed waste

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk
assessment. Engineering and ICs
to restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk
assessment.

Information from photos and logbooks contradicting literature.
None.

Photographic History

An undated photo, probably from the mid-1960s, shows an open
trench in 218-E-12A and waste stored on the surface of the
landfill. The 216-B-2 ditches are visible near the top of the photo.

This 2007 Aerial photo shows 218-E-12A.

Cross Section

218-E-12A Landfill

1-2 M

0 GROUND SURFACE 4a o
_ __oi.l C ove4 _ 0

GD

15 'Depth of vadose zone contamination is unknown. 50
*See LandfiillTrench Features table on page 1 for spe-
cific information on trench depth.

a(D
*at

E

30 S100
SD *

0

.. 2

5 LEGEND - Stratigraphy
Cal451600-
.5 - GD Hanford formation (gravel - .
CL dominated sequence)5C3

SD Hanford formation (sand
dominated sequence)

V Water table 69 m (225 ft)

60 200

GD

7 5 v 250

GROUNDWATER Nottoscale

FG070727.7

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Vadose Zone

The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in the RI.

Groundwater

Historically, liquid process waste that was not sent to the Tank Farms,
was discharged to the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means of liquid disposal,
coupled with a lack of burial records indicating disposal of large
quantities of containerized liquid waste in the 200-SW-2 OU Landfills,
a significant downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of characterization
activities proposed in the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to determine if contaminants
have moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.

I
D-30

It is not known which landfill is shown in
this mid-1950s photograph. The 218-E-12A
landfill was operational during this time, and
is known to have received waste in the form
of miscellaneous scrap and dirt dumped
directly into a trench, as depicted.
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Figure D-14

21 812E1B
Landfill

Undated photo. probably about 1970, depicts one of the unusually
narrow trenches on the east side of the 218-E-12B landfill, as well as

waste emniaced inside a mnra tynical wider trench

Curie Content: High

Green Islands: No

Hydraulic Driving Force: Yes

Record Quality: Good

Subsidence: Yes

Soil gas detection: Yes

Landfill Summary

WIDS Code & Aliases 218-E-12B, 200 East Dry Waste No. 12B

Landfill Type Dry Waste TSD Unit

OU & Category 200-SW-2, Treatment, Storage, and Disposal

Dates of Waste Receipt 1967 to 2004

Location North of the C Tank Farm and south of 12th Street

General Description The southern portion of the site (Trenches 1 through 17) was interim
stabilized in 1981 with clean fill.

Source Facilities 200 East Area, B-Plant (221 B), Offsite, PUREX, Tank Farms
Contributing More Than
5% of Waste by Volume

References WIDS; WHC-EP-0912

Retrievably Stored (RSW) TRU Retrieval

All volumes are estimates based on SWITS data (3/25/2014).

RSW Remaining to
Beginning RSW (M

3
) RSW Retrieved (M

3
) be Retrieved (M

3
)

640 340 300

Characterization Data

LANDFILL CONTENTS

Physical Characteristics Quantity Rank

Waste Volume (M
3
) 62,000 2

Used Area (hectares) 23 2

Plutonium Mass (kg) 1.4 11

Uranium Mass (kg) 310 14

Curies (Ci) decayed to 2015 49,000 5

WASTE INFORMATION

Number Record
Available Rank Quality

21,613 3 Good

LANDFILL/TRENCH FEATURES

Approx. Average 5 The unit consists of 39 trenches. It was originally designed
Trench Depth (m) to have 29 trenches. The expansion to the north and west

was to have enlarged the burial ground to include a total of
138 trenches running north and south, however most of the
trenches in the enlarged area never were constructed.

Number of Trenches 39

Subsidence? Y RSW? Y Green Islands? N

Episodic Water? Y Caissons? N Disposal Pond? N

D-31

Site Map
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Landfill Inventory

Items Known to be Disposed

10 Mil Liner, 303K Building Demolition Rubble - Bulk Waste, 5 Mil Liner, 50 Metal Pallet Bulk Shipment, Absorbed Sludge,
Absorbent, Absorbent Pads, Acid, Asbestos, Ashes, Asphalt, Banding, Banding (Steel), Batteries, Blacktop, Bldg A
Concrete & Wood, Bldg C & Bldg 'A' Hot Cell, Blocking & Bracing, Blocks Plastic & Wood, Brick, Building A Concrete
And Rubble, Building A Rubble Concrete, Building Debris (Asbestos Containing Material), Bulk Asbestos Insulation From
1304N, Bulk Shipment LLSW Insulation From 1304N Emergency Dump Tank, Bulk Waste, Cardboard, Cement, Clay,
Cloth, Coal Tar, Coal Tar Creosote, Concrete From A Unit, Concrete, Copper, Cork, Cotton, Cover Blocks, Creosote, D&D
Debris From Unit A, D&D of Buildings Parking And Driveway, Dewatered Sludge, Diatomaceous Earth, Dirt, Dried Paint,
Driveway, Expansion Joints & Roofing, Feces, Fiberglass, Film Formers (Paints), Filters, Fire Brick, Firebrick, Flange,
Flatcar Assembly, Flatcar Wheel Assembly, Floor Sweeps, Floor Tile, Foam, Galvanized, Glass, Glass Small Tools And
Parts Incident To The Operation And Maintenance of TFTR Experimental Systems, Gravel, Grout, Grout, Hose, Inert Non-
Hazardous Material, Insulation Non-Asbestos, Insulation From 1304N Emergency Dump Tank, Irradiated Non-Regulated
Metal (Bulk Waste), Kotex, Lead, Leather, Line Pole 35' Wood, Low-Level Waste, Lucite, Lumber, Metal, Metal Pallets In
Bulk Shipment To LLWBGs, Neutron Activated Construction Debris With Radiological Contamination Below Regulatory
Limits, Non-Containerized Tumbleweeds Collected In Compactor Truck, Nylon, Oil, Organic Debris, Oxides, Paints, Panel
Covers, Paper, Parks Bldg Rubble, Pedestal Racks, Plaster, Plastic, Plastic Piping, Plexiglas, Plywood , Polyurethane,
Porcelain, Powders, Pumps, Pyrofoam, Radioactive Tumbleweeds Collected In A Compactor Truck From Various Tank
Farm Location, Resins, Richland Landfill Waste, Rocks, Roofing, Rope, Rubber, Sand, Scabble Debris, Sheet, Sheetrock,
Sludges, Soil, Solid Non-Haz Components (Non-Specified), Stainless Steel, Steel, Styrofoam, Tape, Tar, Telephone
Pole From Area Next To 2715-Z Pad, Transformer(Iron), Tumbleweeds, Valves, Vegetation, Vermiculite, Void Filler,
Waste Dunnage Wood And Pallets, Waste From Membrane Filter Press, Waste Generated By D&D of Building Parking &
Driveway, Water, Weeds, Wire, Plastic Packaging, Wood.

I

I
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Figure D-14

Previous Investigations*
*Location details for the following investigations are mapped on the
218-E-12B Landfill plate provided on the CD associated with Appendix
D.

Soil Gas Sampling

m Vent riser soil-vapor sampling

- Soil-vapor sampling on retrievably stored TRU waste trench
segments is required by Tri-Party Agreement Milestone
M-091-40, Requirement 2. This waste is not in the scope of
this work plan; these results are included for informational
purposes only. For more sampling details see Appendix H.

- Step I Results: The 218-E-12B Landfill received retrievably-
stored TRU in trenches T-17 and T-27. No vent risers exist in
the 218-E-12B Landfill; therefore passive soil vapor sampling
was conducted in the overlying soil. No carbon tetrachloride
was detected. Tetrachloroethylene was detected at a maximum
concentration of 34 ng. Other compounds and maximum
concentrations detected include 1,2,4-trimethylbenzene (30
ng).

Surface Radiation Surveys

m Based on the 2009 survey, numerous areas were identified having
a cps greater than 1500. Most of those were located near the
center of the landfill. There were also numerous areas with cps
between 1001 and 1250 and between 1251 and 1500. These
areas were generally distributed across the footprint of the landfill.

Geophysics Summary

m Not performed.

Groundwater Monitoring

" LLWMA-2 monitoring wells have been sampled since 1988
for contaminant indicator parameters, groundwater quality
parameters, drinking water parameters, and site specific
parameters as required by WAC 173-303-400(3).

" Groundwater monitoring was initiated at 218-E-12B in 1987. The
derived background comparison value (i.e., critical mean) for
all of the indicator parameters has been exceeded periodically
throughout the history of detection monitoring. The downgradient
wells that have exceeded the critical mean were explained by
laboratory issues or sample collection errors. Upgradient wells
(e.g., 299-E34-7) that exceeded the critical mean have been
associated with either leaching or infiltration processes within the
vadose zone. The source of infiltration has not been determined.
The groundwater monitoring activities at LLWMA-2 currently
consist of water-level monitoring and chemical constituent
monitoring. The LLWMA-2 is sampled semiannually from a
network of nine wells. Samples are analyzed semiannually for the
indicator parameters, anions, and metals; samples are analyzed
annually for alkalinity, mercury, lead, and phenols. Water-level
measurements are collected for each sampling event and in
March for Hanford Sitewide monitoring. Regional water-level
measurements have also been collected monthly since March
2008. Water levels will continue to be collected regionally on a
monthly basis for an undetermined time period to resolve the
groundwater gradient in the area with respect to high disposal
discharges at the 200 Area Treated Effluent Disposal Facility, high
Columbia River stages, and times when those influences are not
present.

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and
Rationale

Source Good quality records with no Need baseline geophysics. Need Obtain baseline geophysics.
indication of mobile constituents in EMFLUX to confirm no mobile Collect EMFLUX data to confirm
the waste. constituents source knowledge.

Release Mechanism Historical presence of episodic Need to identify possible Perform MASW to identify
water suggests potential for downward flow. preferential pathways. Horizontal
release(s) of mobile constituents boring and Direct Push for leak
downward. detection

Transport Media Fluid/water downward Need active soil gas data (for risk Perform STS resistivity and ERT
assessment). Need data about for fluid data. Horizontal drilling and
fluid flow. Direct Push for soil/fluid samples.

Obtain active soil gas samples
where passive soil gas hits.

Exposure Point Groundwater exposure points - Need to know if any releases have Review groundwater data for
fluids/water. reached groundwater evidence of impacts by 218-E-12B

Exposure Route Ingestion/dermal - fluid/water Need to refine exposure model To be evaluated during risk
assessment. Engineering and ICs
to restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor To be evaluated during risk
inventory. assessment

Unplanned Releases Collocated with or Near 218-E-12B Landfill

None.

Photographic History

NV'

V" i -1 V

This 1996 photo of 218-E-12B shows Packages in this era (1974) were placed in the Workers are disposing of typical dry waste of

trenches 36, 37, and 42 open for waste trench within a few feet of the surface before the time period (1974).
receipt. It correlates well with the SWITS backfilling.
fill dates for these trenches from the late
1980s through the early 2000s.

Information from photos and logbooks contradicting literature.

None.
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Cross Section

218-E-12B Landfill

1-2 rn

0 GROUND SURFACE 0

*Depth of vadose zone contamination is unknown.
'~15 50

*See Landfill/Trench Features table on page 1 for specif-
ic information on trench depth.

E

30 1_00

4cc

03C
o SD

S CCU LEGEND-Sratigraphy1

-Go Hanford formation (gravel-
dominated sequence)

SoHanford formation (sand
dominated sequence)

CCUoldCrook Unit

60 (interboedM sand, sit a 200
- RE some gravel; calholre) -

RERingold Formation, Unit E

VWater tn ble 69 m (225 ft)

761 GROUNDWATER Not to scale 1250
FG070727 4

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Vadose Zone

The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in the Rl.

Groundwater

Historically, liquid process waste that was not sent to the Tank Farms,
was discharged to the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means of liquid disposal,

utte wf containerurdlquid wastndicing d0-SpOU Landfills,
a significant downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of characterization
activities proposed in the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to determine if contaminants
have moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.
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Figure D-15

21 8W-1
Landfill

Curie Content: Moderate

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Moderate

Subsidence: No

Soil gas detection: No

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (m)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE INFORMATION

Number
Available

Quantity Rank

7,200 15

2.2 14

94 2

700 12

160 13

Record
Rank Quality

80 14 Moderate

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

3 The unit consists of nine trenches; trenches 1 through 6 are
each divided in two sections. Trenches 1 through 6 are "V"

9 shaped, 8 ft deep and 16 ft wide at surface level. Trenches
7 through 9 are flat-bottom trenches 9 ft deep and 24 ft
wide at surface.

N RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

N

N
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Site MapLandfill Summary

WIDS Code & Aliases 218-W-1, 200 W Area Dry Waste No. 001, Solid Waste Burial Ground #1

Landfill Type Dry Waste Alpha

OU & Category 200-SW-2, Past Practice

Dates of Waste Receipt 1944 to 1953

Location Northwest of the 234-5Z Building, between the 218-W-2 and 218-W-11
Burial Grounds

General Description "V" trenches typically were used to dispose of small contaminated
articles such as paper, filters, and small pieces of equipment. The
flat-bottom trenches contain large pieces of contaminated equipment
and wooden, metal, and concrete burial boxes. The trenches have been
backfilled, and the site was stabilized in 1983. A surface radiological
survey is performed annually.

Source Facilities 200 West Area
Contributing More Than
5% of Waste by Volume

References WIDS; SWITS; DDTS-GENERATED-5634; DDTS- GENERATED-5635;
DDTS-GENERATED-5636; DDTS- GENERATED-5637; DDTS-
GENERATED-5640; HAN-95462

218-W-1

T07

T 02 T0T72A

To4 TO4A

TO-

Radioactive Solid Waste

Unused Waste Area

Aerial Imagery fromna April 2012.

0 10 20 m

0 25 50 75ft
CHSGW20140268

T05

T03

ToI

T09

TO6A

TO5A

T03A

TIA

Landfill Inventory

Items Known to be Disposed

Misc. Piping from Cell 6C, Sample Can Drying Head No. 1, 2-inch Powell Globe Valve, 3-5R to 4-8 Gang Valve, Adapter
Plug #173, Adapter Plug Wrench Holder, Case Spray Assembly (3 Pcs) from E-2 Centrifuge, Case Spray Line (2 Pieces),
Closure Plug #173, Conductivity Cell, Connector Head, Crescent Wrench, Cylindrical Lead Jacket, Dist. Dip Tube, Filter
Box W-75399, Filter Cap Holder, Filter Holder for E-3 Vent Line, Gang Valve, 5-6 To 6-1, HF Dip Tube, Micro-Burette,
Misco, Ring Balance Recording Meter, Sample Can #173, Sample Can And Adapter Plug #860, Sample Can Carrier
Assembly #1000, Sampler, Sampler Assembly, Sampler Assembly from D-4 Tank, Sampler Dip Tube from D-4 Tank,
Still Vacuum Receiver, Testing Plug (Old Style), Wexler Temperature Indicator, Adapter Plugs, Sampler Cups (Minus Air
Jet), Miscellaneous Cell Connectors, Brackets and Bolts (Part of Sample Cup Holder), Bulk Samples, Chemox Mask,
Connector Heads, Crescent Wrenches, Filter Box 231-Z, Filter Cap Supports, Sample Cup Holder Braces (Part of Sample
Cup Holders), Sample Cup Holders, Sample Cup Hooks, U-Shaped Sample Cup Guides, Steam Hose, Connectors,
Drainage Trays, Stainless Steel, Air Filters, Impact Wrench, Lubrication Connectors, Vacuum Cleaner, Shipping Plugs For
Sample Cans, Beckman Tube.

Information from photos and logbooks contradicting literature.

None.

I . - ... - -W- PK'S~ PMJOOMGRP\GlSgtoj
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Figure D-15

Photographic HistoryPrevious Investigations*

*Location details for the following investigations are mapped on the 218-W-1 Landfill plate provided on the CD
associated with Appendix D.

Soil Gas Sampling

m Passive Soil Vapor Sampling

- 2009: This landfill was sampled at four locations. There were no detections of any constituent.

Surface Radiation Surveys

* 218-W-11, 218-W-1 and 218-W-2: Based on the 2010 survey, less than 10 areas were identified having cps
greater than 1500. They were evenly distributed amongst the three landfills. There is a large cluster of hits
between 1001 and 1250 cps in the former location of UPR-200-W-16, which is in the southern end of 218-W-1.

Geophysics Summary

* 2006: The geophysical data for the 218-W-1 Landfill indicates pockets of debris in each of the trenches; with
discrete concentrations of metallic waste in most of the trenches. Nonmetallic waste is interpreted to be mixed
with the metallic waste. Most of the waste is at least 1 to 2 m deep and occasionally deeper. It is possible that
there is more debris in the trenches than was detected in the data and plotted on the interpretation map. Based
on Hanford Site Drawing H-2-75149, trench series 1 through 6 all were designed to be about 2.5 m deep with
about 1.3 m separation. Given the proximity of the trenches in the 1 through 6 series, it is quite possible that a
trench could have been constructed and not be apparent in the geophysical data. Trenches 1 through 6 may
have been opened and backfilled with similar soils or never opened. According to the drawing, trenches 7 and
8 are separated by 1 m. Most of the trenches were evident in the data, with the exception of Trenches 1, 1A,
4A, and 6. These four trenches lack even subtle anomalies and, therefore, their existence cannot be confirmed.
Three east-west oriented trenches were identified that are not shown on Hanford Site Drawing H-2-75149,
Dry Waste Burial Ground 218-W-1. They are north of the northernmost trench shown on the drawing (Trench
9) and south of 218-W-11. They have a character similar to that of the other trenches in the 218-W-1 Landfill.
Additionally, two pit-like areas not shown on the drawing were identified in this northern area, with one having
significant metallic content.

* Techniques used: EMI, GPR, TMF

February
1980: aerial
photo shows
218-W-11 (top/
north), 218-
W-1 (center)
and 218-W-2
(bottom/
south). Trench
locations are
still visible
during this
era, before
interim
stabilization in
1983.

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Moderate records; no indication of mobile constituents from EMFLUX Review Existing records and information. Need to confirm contents. Review/reprocess existing geophysics. Focused and random test pits

Release Mechanism Likeliest release mechanism is erosion/ subsidence leading to direct Need to understand potential for direct exposure Visual inspection/monitoring of surface for erosion and subsidence. Direct
exposure. No past history of driving force or constituent mobility for Push for leak detection.
downward or upward flow.

Transport Media Dry waste with no evidence of soil gas. No transport likely Need data about fluid flow Direct push to confirm transport media, low likelihood of release mechanism

Exposure Point Direct exposure to contents No data gaps or needs No plans to investigate the exposure point

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment. Engineering and ICs to restrict
access and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.

Unplanned Releases Collocated with or Near 218-W-1 Landfill

Site Code Site Name Location Years of Source Contaminant Inventory/ Depth Waste Site General Description
Operation Facility Volume Released Dimensions

UPR- UPR-200-W-11, Burial Within the 218- 1952 N/A Airborne radioactive N/A N/A This site was a result of a spontaneous fire in the 218-W-1 Landfill. It is a duplicate of UPR-
200-W-11 Ground Fire, UN-200-W-11, W-1 Landfill. contamination including 200-W-16. ("Consolidated")

UPR-200-W-16 alpha particles

UPR- UPR-200-W-11, Burial Within the 218- 1952 N/A Airborne radioactive N/A N/A The release was a result of a spontaneous fire in the 218-W-1 Landfill. The trench where
200-W-16 Ground Fire, UN-200-W-11, W-1 Landfill. contamination including the fire occurred runs east and west and was roughly in the center of the landfill. A fire in

Fire at 218-W-1 Burial alpha particles the dry waste spread plutonium contamination near the 231-Z Building. The contaminated
Ground soil was bulldozed into the trench. The ground on the north side was stabilized with oil, and

roads near the Z Plant were washed down with water. ("Consolidated")

D-34

Cross Section

218-W-1 Landfill

1.2 m
GROUND SURFACE k

'Depth ofvadose zone contamination is un.
known.

15 GD *See LandfilllTrench Features table on page 1 _

for specific information on trench depth.

30 100

-j SD

LEGEND - Stratigraphy

45 GD Hanfordformatin (gravel 150
O -CCU dminateds neq.ne

60 1n Ringed Fornation, Unit E 200

76 GROUNDWATER Nottoscale250
FG070727.U

*Water table depth was calculated from data in
RHO-CD-673, Handbook 200 Areas Waste Sites.

Vadose Zone
The vadose zone is the focus of ongoing
investigation. Results of sampling proposed in the
SAP (Appendix A) will be presented in the RI.

Groundwater
Historically, liquid process waste that was not
sent to the Tank Farms, was discharged to the soil
column via ponds, cribs, ditches, and trenches. Due
to these readily available means of liquid disposal,
coupled with a lack of burial records indicating
disposal of large quantities of containerized liquid
waste in the 200-SW-2 OU Landfills, a significant
downward driving force for contaminants from the
landfills is not anticipated to be present. However,
the focus of characterization activities proposed in
the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to
determine if contaminants have moved from the
trenches toward groundwater. At this time, there is
no evidence that the 200-SW-2 OU Landfills are
contributing to contamination of groundwater.

1952 photo of a masked worker preparing
a standard cardboard burial box and a
cardboard barrel. The containers are marked
"4-3-52, contaminated waste, 234-5Z
Building" and "230 mr/hr." The containers are
buried in 218-W-1.

I
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Figure D-16

21 8-WIA
Landfill

August 1961, equipment being placed in the 218-W-1A
industrial landfill.

.I

Curie Content: Moderate

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Moderate

Subsidence: Yes

Soil gas detection: No

Characterization Data

LANDFILL CONTENTS

Physical Characteristics a

Waste Volume (M3)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

Quantity Rank

14,000 10

3.4 11

2

900

870

9

10

WASTE RECORDS

Number
Available

Record
Rank Quality

126 12 Moderate

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

8 The site contains approximately 10 burial areas. Some are
typical trenches but several areas are described as burial holes.
The exact locations of the burial holes are not known.

10

Y RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

N

N

W6.3

WR.4

Landfill Summary

WIDS Code & Aliases 218-W-1A, 200 W Area Industrial Waste Burial Ground #1,
Equipment Burial Ground #1

Landfill Type Industrial

OU & Category 200-SW-2, Past Practice

Dates of Waste Receipt 1944 to 1961

Location Northwest of 221-T, between two railroad spurs

General Description The site is the first burial ground in the 200 West Area to receive
large, contaminated equipment. Most of the equipment was
disposed in wooden boxes that eventually rotted and settled,
creating sinkholes. The sinkholes were filled in 1975 with 1.8 m (6-ft)
thick concrete cell blocks and clean fill. Radiological surveys are
performed annually.

Source Facilities 200 West Area
Contributing More Than
5% of Waste by Volume

References WIDS; WHC-EP-0912; RHO-CD-673; SWITS

Site Map

Monitoring Well

SDecommissioned Wl

Well prefix '299-' omitted
Radioactive SolidWat

Unused Waste Ar a
Aerial Imagery from April 2012.

0 50 1oo 150I
CHSGW 02
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T02

218-W-1A 1

T07

T04

T06

TO5A
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Wll- 16

PR S nl

NA

Landfill Inventory

Items Known to be Disposed

Seal Pots, "A" Jumpers from #152 Diversion Box, (E-1) HF Dip Tubes, (E-1) Thermohms and Wells, (E-3) Thermohm and
Well, "A" Jet Assemblies, "B" Jet Assemblies, 1/6 Hp Motor, 1-inch Aloyco 150 Stainless Valve/224-T, 10 GPM Jets/224-T,
291-T No. 2 Fan Assembly Including Steel Inlet and Outlet Duct Work, 3-gpm Jet/224-T, 30 Ft Pipe, Stainless Steel, 500
Ft Water Hose, A-1 Thermohm, Agitator, AT Tank, B-1 Thermowell, Bed Cover Bows, Bottom Section of Scrubber, Bucket
from Cask Assembly 190#, Cabinets, Capsule Section of ORNL Waste Storage Tank Sludge Sampler Capsule Type plus
the Carrier Lift Yoke - in 10-inch Pipe Container, Centerpole and Superstructure of Clamshell Type ORNL Waste Storage
Tank Sludge Sampler in 10-inch Pipe Container, Centrifuge Concrete Block Section 19-R, Centrifuge, Foundation,
Clothes Drying Machine, Commander Air Sampler, Condenser, Stainless Steel, Corrosion Sampler, C-R-2 Tank, D-12
Pot Redox, D-12 Waste Concentrator Pot, D 2 To D-3 Overflow Line, D-3 Thermowell, Damper Section of Outlet Duct
Over the Electrically Driven Fan / 231-Z, Dip Tube, Distributor B-1, Double Thermohm and Well for B-1 Tank, Drip Catcher
from Recycle Line, Drive Fork from E-4 Centrifuge, Electric Muffle Furnace, F-10 Tank No. 224-140, Fan and Ductwork/
291-T, G.E. Ion Chamber, GE Air Sampler, HF Dip Tubes, Idler Wheel, Inlet and Outlet Ducts to Steam Engine Fan / 291-T,
Invasion Pipe, Jet Assembly, Jumper Upper 2 to Lower 13 Having Blank Supporting Connector to Upper 7, Jumpers Redox,
Lead Cask for Wafers, Metallurgical Cut-Off Box, Model K Skilblower, Overflow Lines from Tanks, Overflow Pipes (25-12
Fabrication)/224-T, Overflow Pots Det. 63730/224-T, Plow from B-2 Centrifuge, Plow from E Centrifuge, Preheater Coils,
Reduction Gear, Repair Scaffold, Rubber Floor Mat, Rubber Tires from Lorain Crane, Sample Cans (#134, 150, 180, 272,
374), Sampler Dip Tube, Sampler Dip Tube from E-4 Tank, Sampler Jet and Assembly/224-T, Seal Pots and Overflow
Lines, Stainless Steel, Sections Sludge Pipe, Selsyn Motor, Shipping Crates Known as "Bird Cages", Side Boards, Silver
Reactor and A D-3 Condenser Redox, Skimmer from B 2 Centrifuge, Sludge Box, Sparger D-1, Stainless Steel Drum 15
Gallons, Steam Coils - Air Conditioning Units 221-B, Tank Distributor and Tail Pipe (2 Pieces), Tank Sampler Dip Tube, Tank
Thermohn Dip Tube, Tank Wt. Ftr. Dip Tube, Tarpaulin Cover, Thermohm, Thermohm Dip Tube from D-1 Tank, Thermom
Well, Timer - Model R2d29911

Sm 60, Top of Glass Lined Tank, Transfer Box and Cover of Capsule Type ORNL Waste Storage Tank Sludge Sampler in
Wood Box, Two Silver Reactors Redox - Box Broke During Burial, Variac from Chemical Assay Board, Vari-Speed Stirrer
Motor (Without Stand), Vent Pipe from E-4 Tank, Wt. Ftr. Sp Gr Dip Tube Assembly, Wt. Ftr. Sp Gr Dip Tube from D-1 Tank,
H-4 Oxidizer Pot Redox, Misc. Canyon Waste Redox, One ORNL Supernatant Waste Sample (Pump Type), One Transfer
Box For ORNL Waste Storage Tank Sludge Sample (Clamshell Type), One Carrier Assembly For ORNL Waste Storage
Tank Sludge Sample (Capsule Type)

-'.- -- , , , ",- ., I , 9 SVV- GHSQMOjNM
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Figure D-16

Previous Investigations*

*Location details for the following investigations are mapped on the 218-W-1A Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive soil vapor sampling

- 2009: This landfill was sampled at 13 locations. There were no significant detections of any constituent (a very low detect of napthalene at 15 ng).

2009 DISTRIBUTION OF SAMPLE RESULTS

Number of Samples (ng/sample) Max. Result

Compound 10- 100 100-500 500- 1,000 1,000 - 5,000 >5,000 (ng/sample)

Naphthalene 1 -- -- -- -- 15

Surface Radiation Surveys

m Based on the 2010 survey, only one area was identified in the middle of the landfill having a cps greater than 1500.

Geophysics Summary

* 2005: No geophysical evidence was detected for one trench (5A). Additional trenches and pits were detected that were not previously documented.
The EMI and magnetic data were most useful in detecting anomalies associated with buried debris. Although no distinct trench boundaries were
indicated by the geophysical data, the pattern of anomalies in the EMI and magnetic data generally agreed with the locations and orientations of
trenches/pits shown on Hanford Site Drawing H-2-2516, Industrial Burial Ground 218-W-1A.

* Techniques used: EMI, GPR, TMF

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Moderate quality records; however, no Obtain additional records and Review/reprocess existing geophysics
indication of mobile constituents from information, if possible. and search for new information/records on
EMFLUX contents

Release Mechanism Likeliest release mechanism is erosion/ Need to understand potential for Visual inspection/monitoring of surface for
subsidence leading to direct exposure. No direct exposure. Need to identify erosion and subsidence. Direct Pushes for
past history of driving force or constituent potential of downward flow. leak detection.
mobility for downward or upward flow.

Transport Media Industrial waste with no evidence of soil Need data about fluid flow. Direct push to confirm transport media, low
gas. No transport likely likelihood of release mechanism

Exposure Point Direct exposure to contents No data gaps or needs No plans to investigate the exposure point

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment.
Engineering and ICs to restrict access and
exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment

Unplanned Releases Collocated with or Near 218-W-IA Landfill

Site Code Site Name Location Years of Source Facility Contaminant Inventory/ Depth Waste Site General Description
Operation Volume Released Dimensions

UPR- UPR- Assumed to 1953 221-T Soil contamination from N/A N/A Wind dispersed contamination while a box of used connectors was being unloaded
200-W-26 200-W-26, be 218-W-1A 221 T spent equipment from a flatcar. Contamination spread onto the flatcar and onto the surrounding

Contamination Landfill and ground. Although source documentation (PNL-6456) indicates the release occurred
Spread along the in 218-W-4A, this is likely in error since the landfill did not begin operations until
During Burial railroad tracks. 1961 and the release occurred in 1953. This release is probably associated with the
Operation I _III III_218-W-1A Landfill, near the railroad line as described in the source documentation.

Information from photos and logbooks contradicting literature.

Although SWITS indicates the landfill stopped receiving waste in 1953, photos and site drawings indicate burials in 1959, 1961, and possibly 1965.
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Photographic History

August 1961, equipment being placed in the 218-W-1A industrial landfill.
A May 1971 aerial photo shows the
layout of the 218-W-1A landfill.

Vadose Zone

The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in
the RI.

Groundwater

Historically, liquid process waste that was not sent to the Tank
Farms, was discharged to the soil column via ponds, cribs,
ditches, and trenches. Due to these readily available means of
liquid disposal, coupled with a lack of burial records indicating
disposal of large quantities of containerized liquid waste in the
200-SW-2 OU Landfills, a significant downward driving force for
contaminants from the landfills is not anticipated to be present.
However, the focus of characterization activities proposed in
the SAP (Appendix A) are intended to investigate the vadose
zone beneath landfill trenches to determine if contaminants have
moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.

Cross Section
218-W-1A Landfill

o GROUND SURFACE S , , o

15 'Depth of vadose zone contamination is unknown. 50
*See Landfillrrench Features table on page 1 for
specific information on trench depth.

E

"Lo SD100ato
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0
LEGEND - Stratigraphy -t

CoGDHanford formation (gravel 150 -rdominated sequence) -
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dominated sequonce)

V Water tabia 73 m (240ft)
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7q 250

GROUNDWATER No to scale
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*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.
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Figure D-17

21 8W-2
Landfill

October 1955: waste in 218-W-2 landfill trench. The waste
in all older dry waste and alpha dry waste landfills is likely to

have a similar form.

Curie Content: Moderate

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Poor

Subsidence: No

Soil gas detection: No

Landfill Summary

WIDS Code & Aliases

Landfill Type

CU & Category

Dates of Waste Receipt

Location

General Description

Source Facilities
Contributing More Than
5% of Waste by Volume

References

218-W-2, 200-W Area Dry Waste No. 002, Dry Waste Burial Ground
No. 2

Dry Waste Alpha

200-SW-2, Past Practice

1953 to 1956

Northwest of the 234-5Z Building between 218-W-4B and 218-W-1

Before backfilling, waste was observed to be within 46 cm (18 in.)
of the ground surfaces. Sinkholes were filled in 1974. The site was
surface stabilized in 1983 with a minimum of 0.6 m (2 ft) of clean fill
and vegetated. A surface radiological survey is performed annually.

200 West Area

WIDS; BHI-00175; SWITS

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (m3)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE RECORDS

Number
Available

25

Quantity

8,200

2.8

130

1,400

220

Rank

13

13

1

8

12

Record
Rank Quality

16 Poor

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence

Episodic Water?

5 The site is a burial ground that contains 20
miscellaneous dry waste trenches, running east-west.
The site has been backfilled and stabilized. Each

20 trench is about 140 m (460 ft) long, 8 m (25 ft) wide at
surface.

N RSW? N Green Islands? N

N Caissons? N Disposal Pond? N
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Site Map

J

0 Monitoring Well

E Decommissioned Well

Well prefix'299- omitted

Radioactive Solid Waste

Unused Waste Area

Aerial Imagery from April 2012.
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Landfill Inventory

Items Known to be Disposed

No landfill inventory records available for this landfill. (SWITS)

Information from photos and logbooks

contradicting literature.

None.
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Figure D-17

Previous Investigations*

*Location details for the following investigations are mapped on the 218-W-2 Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive soil vapor sampling

- 2009: This landfill was sampled at four locations. There were no significant detections of any constituent (three very low detects in one location
of carbon tetrachloride at 36 ng, carbon tetrachloride at 19 ng, and trichloroethene at 31 ng; and one very low detect at another location of
1,1,2-trichlorotrifluoroethane at 43 ng).

2009 DISTRIBUTION OF SAMPLE RESULTS

Number of Samples (ng/sample) Maximum
Result (ng/

Compound 10- 100 100-500 500- 1,000 1,000 - 5,000 >5,000 sample)

1,1,2-Trichlorotrifluoroethane 1 -- -- -- -- 43

Carbon tetrachloride 1 -- -- -- -- 36

Chloroform 1 -- -- -- -- 19

Trichloroethene 1 -- -- -- -- 31

Note: 4 total sample locations are at the 218-W-2 Landfill.

Surface Radiation Surveys

m 218-W-11, 218-W-1, and 218-W-2 Landfills: Based on the 2010 survey, less than ten areas were identified having counts per second (cps) greater
than 1500. They were evenly distributed amongst the three landfills.

Geophysics Summary

* 2006: All 20 of the trenches shown on Hanford Site Drawing H-2-02503, 218-W-2 Dry Waste Burial Ground, were evident in the geophysical data.
Pockets of debris and metallic waste were identified in most of the trenches.

* Techniques used: EMI, GPR, TMF

Photographic History

Photo October 1955 of waste in 218-W-2 landfill trench.

Photo October 1955 of waste in 218-W-2
landfill trench.

Cross Section

218-W-2 Landfill
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*Water table depth was calculated from data in RHO-CD-673, Handbook 200
Areas Waste Sites.

Vadose Zone

The vadose zone is the focus of ongoing investigation.
Results of sampling proposed in the SAP (Appendix A) will be
presented in the RI.

Groundwater

Historically, liquid process waste that was not sent to the
Tank Farms, was discharged to the soil column via ponds,
cribs, ditches, and trenches. Due to these readily available
means of liquid disposal, coupled with a lack of burial records
indicating disposal of large quantities of containerized
liquid waste in the 200-SW-2 OU Landfills, a significant
downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of
characterization activities proposed in the SAP (Appendix A)
are intended to investigate the vadose zone beneath landfill
trenches to determine if contaminants have moved from
the trenches toward groundwater. At this time, there is no
evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.

Unplanned Releases Collocated with or

Near 218-W-2 Landfill

None.

A May 1969 aerial photo shows
backfilled trenches in 218-W-2.

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Poor records; however, no indication Obtain additional records and Review/reprocess existing geophysics and
of mobile constituents from EMFLUX information, if possible. Need to records, Focused and random test pits

confirm contents.

Release Mechanism Likeliest release mechanism is Need to understand potential for Drill horizontal boring and direct push for
erosion/ subsidence leading to direct direct exposure. Need to identify leak detection. Visual inspection/monitoring
exposure. No past history of driving potential of downward flow. of surface for erosion and subsidence
force or constituent mobility for
downward or upward flow.

Transport Media Dry waste with no evidence of soil Need data about fluid flow. Horizontal boring and direct push to confirm
gas. No transport likely lack of transport media

Exposure Point Direct exposure to contents No data gaps or needs No plans to investigate the exposure point

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk assessment.
Engineering and ICs to restrict access and
exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment.
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Figure D-18

21 8W2A
Landfill

A 1955 REDOX equipment burial in 218-W-2A was
well-depicted by photographers with Life Magazine, who

were illustrating a feature story. Photo shows large burial
box with industrial pot inside being loaded onto train for

transport to landfill.

Curie Content: High

Green Islands: No

Hydraulic Driving Force: Yes

Record Quality: Moderate

Subsidence: No

Soil gas detection: Yes

Landfill Summary

WIDS Code & Aliases 218-W-2A, Industrial Waste No. 02A, Equipment Burial Ground #2

Landfill Type Industrial

OU & Category 200-SW-2, Past Practice

Dates of Waste Receipt 1954 to 1985

Location West of the 221T Building and directly east of the 218-W-3 Burial Ground

General Description Solid wastes disposed to the site includes tanks, concrete blocks, facility
wastes, process equipment, contaminated soil scraped from the 216-T-4-1 Pond
(Trench 27), REDOX centrifuges, jumpers, pumps, filters, and miscellaneous
cell equipment and wastes. Trench 21 contains a plutonium glovebox. In January
1959, a contamination spread occurred when a burial box containing REDOX
jumpers collapsed during backfill operations (UPR-200-W-53). The site was
backfilled and surface stabilized in 1980. However, the site remained active
until 1985 because of two unused trenches and the cell block burial sites. An
undocumented burial box was discovered in June 1983 while extending an active
trench. The site was re-stabilized with clean fill and gravel in 2001.

Source Facilities 200 Area facilities including T Pond soil, REDOX, B Plant, and 234 5Z Building
Contributing More Than
5% of Waste by Volume

References WIDS; SWITS; 218-W-2A Logbook; ARH-2757; ARH-2015 Part 4; D&D-28379,
Rev. 1

Characterization Data

LANDFILL CONTENTS

Physical Characteristics Quantity Rank

Waste Volume (m3) 25,000 5

Used Area (hectares) 15.3 6

Plutonium Mass (kg) 6.4 7

Uranium Mass (kg) 2,700 7

Curies (Ci) decayed to 2015 7,300 8

WASTE INFORMATION

Number Record
Available Rank Quality

201 11 Moderate

LANDFILL/TRENCH FEATURES

Trench Depth (m) 8 24 alpha dry waste trenches - 18 trenches (#1-10
and #20-27) plus 5 short trenches containing cell
blocks in the northeast corner of the burial ground
(#11-15) plus one short trench (#16) containing
railroad rails, which were removed in the 1970s.

Number of Trenches 24 Pond site (216-T-4) located in site boundary.

Subsidence? N RSW? N Green Islands? N

Episodic Water? N Caissons? N Disposal Pond? Y
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Site Map
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216-T-4A Pond

The 216 T 4A Pond was a natural surface depression that received discharge from the 216 T 4 1D Ditch. The pond
intermittently received the following waste streams: process cooling water from 221 T and 224 T Buildings, steam
condensate from 221 T Building, condenser cooling water and steam condensate from the 242 T Evaporator,
and decontamination waste from 2706 T Building. The dimensions of the pond were approximately 549 m (1,800
ft) by 182 m (600 ft), essentially covering 6.5 ha (16 ac). The pond became active in 1944 and was exhumed in
1972 to make room for the expansion of the 218 W 2A waste site. In 1995, the pond was interim stabilized with
uncontaminated backfill and revegetated.

216-T-4B Pond

The 216-T-4B Seepage Pond received condensate and condenser cooling water from the 242 T Evaporator and
nonradioactive wastewater from 221-T air conditioning units and floor drains. The pond is located east of 216-T-
4A Pond. The size of the pond is estimated at 6,100 m2 (1.5 ac). The pond was often dry, since the majority of the
effluent was absorbed in the 216-T-4-2 Ditch. The pond was constructed in 1972 to replace the old 216-T-4-1 Pond
(216-T-4A). The pond was considered dry by 1977. However, the pond was not isolated from the ditch until 1995;
therefore, a potential existed for effluent to reach the pond until that time.

*see page 2 of this figure for information on the 216-T-4-1D Ditch and 216-T-4-2 Ditch

-
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Figure D-18

Previous Investigations*

*Location details for the following investigations are mapped on the 218-W-2A Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive soil vapor sampling

- 2009: This landfill was sampled at 19 locations. There were no significant detections of any constituent (nine locations with low detections, the highest

being for tetrachloroethene at 159 ng, with no other detection exceeding 58 ng).

2009 DISTRIBUTION OF SAMPLE RESULTS

Number of Samples (ng/sample)

Compound

Tetrachloroethene

Toluene

10-100

6

2

100-500 500-1,000 1,000 - 5,000 >5,000

Maximum
Result (ng/

sample)

159

11

Surface Radiation Surveys

m Based on the 2010 survey, two areas were identified having counts per second (cps) greater than 1500. The areas were located in the center of the landfill
on the east side.

Geophysics Summary

m 2005, 2006: The geophysical data indicate that there are trenches at most of the locations shown H-2-32095, 218-W-2A Industrial Burial Ground and
218-W-3 Dry Waste Burial Ground. No geophysical evidence exists for buried waste at some of the trench locations shown on the drawing. One trench
was interpreted in the geophysical data at a location that was not indicated on the drawing (see Trench A description). Most of the debris or objects in
the trenches have a ferrous metal content; some have a significant ferrous content. More specific details for the trenches depicted on H-2-32095 are as
follows:

GEOPHYSICAL TRENCH DATA

Trench 1 A northwest southeast trending trench that is located in southwest corner of the landfill. The trench location correlates well
with its location shown on site drawings.

Trenches 2, 9, 25, 26 There was no geophysical evidence of a trench in this location.

Trench 3 This southernmost east west trending trench was identified in the investigation. The trench location correlates well with its

location shown on site drawings.

Trenches 4-10, 20-24 These east west trending trenches correlate well with their locations shown on site drawings.

Trenches 11-15

Trench 16

Trenches 17-19

Trench 27

Trench A

Parallel the west side of the railroad tracks. The geophysical data indicate that buried debris extends roughly 100 m (328
ft) further to the south than shown on site drawings.

The only trench documented as being located on the eastern half of the railroad tracks.

No trenches with these numbers are shown on Hanford site drawings.

At this trench location, GPR data indicate a relatively short, irregular excavation at the eastern end, and another section on
the western edge of the landfill that does not line up with the first section.

An undocumented trench that parallels the west side of the railroad tracks in the southeast corner of the landfill.

m Techniques used: EMI, GPR, TMF

216-T-4-ID Ditch

The 216-T-4-1D Ditch intermittently received the following waste streams; process cooling water from the 221-T and 224-T Buildings, steam condensate from
the 221-T Building, decontamination waste from 2706-T, and condenser cooling water from the 242-T Building. The ditch operated from November 1944 to May
1972 and received waste streams via the 207-T Retention Basin and 200-W-163-PL. Pipeline 200-W-163-PL also connected to the ditch. The original bottom
dimensions were 259 m (850 ft) by 2.4 m (8 ft). The ditch was replaced by the 216-T-4-2 Ditch in 1972 and the first 15 m (50ft) of the original ditch was reused in
the replacement ditch construction. Both the original and replacement ditches were surface stabilized in 1995.

216-T-4-2 Ditch

The 216-T-4-2 Ditch was dug asa replacement for the 216-T-4D Ditch. The first 15 m (50 ft) of the original ditch (216-T-4D) was reused in the 216-T-4-2 Ditch
construction. The ditch received T-Plant cooling water and condensate via the 207-T Retention Basin and the 200-W-164-PL. The ditch discharged to the 216-
T-4B Pond. The original bottom dimensions were 533 m (1,750 ft) long by 2.4 m (8 ft) wide by 1.2 m (4 ft) deep. The ditch was backfilled and interim stabilized
in July 1995 and permanently isolated by filling the last pipeline manhole.
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Cross Section

218-W-2A Landfill
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*Water table depth was calculated from data in RHO-CD-673'
Handbook 200 Areas Waste Sites.

Vadose Zone

The vadose zone is the focus of ongoing investigation.

Results of sampling proposed in the SAP (Appendix A) will be

presented in the Rl.

Groundwater

Historically, liquid process waste that was not sent to the Tank

Farms, was discharged to the soil column via ponds, cribs,
ditches, and trenches. Due to these readily available means of
liquid disposal, coupled with a lack of burial records indicating

disposal of large quantities of containerized liquid waste in

the 200-SW-2 OU Landfills, a significant downward driving

force for contaminants from the landfills is not anticipated

to be present. However, the focus of characterization

activities proposed in the SAP (Appendix A) are intended

to investigate the vadose zone beneath landfill trenches to

determine if contaminants have moved from the trenches

toward groundwater. At this time, there is no evidence that the

200-SW-2 OU Landfills are contributing to contamination of
groundwater.

Landfill Inventory

Items Known to be Disposed

Pumps, Process Tube Sections, Lumber, Misc. Hardwire, Plywood,
Burial Log Reports BNW Waste 10-10-73, Buried Contaminated

Railroad Tracks, Cell Equipment, Contaminated Soil, D-12
Concentrator, D-14 Vessel PDR 89-63, H-4 Vessel, L 1 Vessel,

Lines and Whaler Box, Misc. Redox Cell Equipment, Old Purex
Pump Box, Redox B-12 Tower, Redox B-4 Filter, Redox H-4 Pot,
Redox Tube Bundles, Silo Jumpers (Brandy), "D" Cell Sludge, B
Plant Centrifuge Yoke, 1951 International Harvester Dump, 1B-3
Cask Fuel Assembly, 2 B Plant Filter Assembly, Pumps, 324 Bldg
"Hot Cell" - Dry Solid Wastes, 2 VBH Filter from Redox, Redox
Centrifuge, Vapor Line from the B-4 Pot, Agitator Motor, Agitators,
Agitators and the Tunnel Door, AR Filter, B-3 Dissolver Lower
From Purex, Barrels of Waste, Metal Junk Boxes, Box Containing
Jumpers, Burial Vault Marked "B Plant 58526", Canyon Cleanup,
Cell 2E Filter B Plant, Cell Cover Blocks, Chain Fall, Concrete,
Concrete "Hot-Waste" Disposal Box Containing Dry-Solid Waste

From 324 Bldg Cells, Concrete Plugs From 241-TX Tank Farm,
Concrete Posts and Tumbleweed, Container Misc. Scrap from 271-T,
Container Silo Jumpers, Contaminated Dirt, Contaminated Dirt From

Laundry Berm, Contaminated Load Dirt, Contaminated Railroad
Iron, Contaminated Soil, CR Filter, Diatomaceous Earth, Dirt, Dirt

Scraped from Top of the Bottom of Old 216-T-4-1 Pond, Dump Truck
Loads of Contaminated Soil from 200-W Laundry Ditch, Dump Truck

Loads of Contaminated Soil Removal from Laundry Berm-West
Area, Galvanized, Gaskets, Glove Boxes, Gondolas Containing
Misc. Materials from B Plant, Gravel From Roof of Building 222S,
H-2 Redox Centrifuges, H4 Redox Vessels, Iron, Irradiated Ring
from Fuel Case, Jumpers, Laboratory and Building Equipment, Lard
Cans, Lids from Diversion Box 241-TX Tank Farm, Metal, Misc. Lab
Waste, Misc. Purex Connector Heads, Misc. Waste From Redox
Canyon, Miscellaneous Items from Redox, Misc. Items from U Plant,
Obsolete Parts, Pallets, Pipe, Pipe Plugs from 241-SX Tank Farm,
Pipes, Pumps, Purex Dissolver Tower Jig, Purex Tube Bundles,
Rad. Signs and Chains, Railroad Steel Rails and Short Ties from
241-TX, Railroad Ties, Redox Agitators, Redox D-12 Vessel, Redox
Heat Exchanger Tube Bundles, Redox L3 Concentrator Loop
Without Tube Bundle, Redox Offgas Heaters Stainless Clad, Redox
Process Solution Pump, Redox Pumps Black Iron, Redox Silver

Reactors, Redox D-13 Agitator Motor, Scrap Materials, Scrap Steel,
Sheet, Sheet, Shim Rod Sections, Small Contaminated Parts, Small

Pumps, Soil, Sprockets, Stainless Steel Rods Used for Hanging Fuel
Elements in the PRTR and Test Assembly, Steel Posts, Tank Farm
Exhaust Filter, Titanium Tube Bundle - Purex H-4 Tube Bundle #58,
Tumbleweeds, Tunnel Door, Vent Blower Motor, Waste Mgt Sheeting
25-1 Tank, Waste-Scavenging Equipment, Wood.

Information from photos and logbooks

contradicting literature.

None.
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Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Moderate quality records. EMFLUX suggests some presence of Obtain additional records and information, if possible. Review/reprocess existing geophysics and review existing records on contents. Collect EMFLUX data to
mobile constituents. Additional passive soil gas data. confirm source knowledge.

Release Mechanism EMFLUX data suggests some release of mobile vapor constituents Need to identify vadose zone preferential pathways that may Perform MASW to identify preferential pathways. Drill horizontal boring and Direct Push for leak detection.
upward. Historical presence of disposal pond suggests earlier control leaching/ downward flow
release(s) of mobile constituents downward (leaching).

Transport Media Soil gas upward, leachate downward, including from earlier disposal Need soil gas concentration data (active samples) for risk Perform STS resistivity and ERT for fluid data. Horizontal boring and Direct Push for soil/fluid samples. Obtain
ponds. assessment. Need data about fluid flow active soil gas samples in areas of passive soil gas hits.

Exposure Point Surface or near-surface (e.g., burrows) - soil gas. Groundwater Need to evaluate burrow/bioturbation activity at the surface. Review/inspect site surface for ecological activity. Review groundwater data for evidence of impacts by 218-W-
exposure points - fluids/water. Need to confirm no impacts to groundwater. 2A and/or previous pond disposal

Exposure Route Inhalation/dermal - soil gas. Ingestion/dermal -fluid/water. Need to refine exposure model To be evaluated during risk assessment. Engineering and ICs to restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment

Unplanned Releases Collocated with or Near 218-W-2A Landfill

Site Code Site Name Location Years of Source Facility Contaminant Inventory/Volume Depth Waste Site Dimensions General Description
Operation Released

UPR-200-W-53 UPR-200-W-53, Burial East from the 218-W-2A Landfill 1959 REDOX Spent equipment caused N/A 101 ha (250 ac) A burial box containing process equipment from REDOX collapsed and released
Box Collapse to within 275 m (902 ft) of the contaminated soil and airborne fission product contamination into the 200 West Area in January 1959. Skin and/

east perimeter fence of the 200 particles or personal clothing contamination occurred to 12 employees and 15 vehicles.
West Area. Personnel and property were decontaminated, and measures to prevent the spread of

contamination were implemented. ("Consolidated") Also known as UPR-200-W-45

Photographic History

-- of

1954 photo of large wooden dragoff box placed in 218-W-
2A industrial landfill.E

.4

A 1955 REDOX equipment burial in 218-W-2A was well-depicted by photographers with Life Magazine, who were
illustrating a feature story. These two pictures show an industrial pot being placed in a box and its final resting
place in the landfill prior to backfilling.

A 1975 aerial photo of 218-W-2A showing open
trenches.
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Figure D-19

218-W-3
Landfill

A September 1975 photo of 218-W-3 shows the backfilled
trenches. The 216-T-4B pond and open trenches in 218-W-2A

and 218-W-3A s/so are shown.

Curie Content: Moderate

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Moderate

Subsidence: No

Soil gas detection: Yes

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (inl)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE INFORMATION

Number
Available

809

Quantity

11,000

Rank

11

3.1 12

68 3

70,000 4

130 16

Record
Rank Quality

8 Moderate

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

5 The burial ground has 20 individual trenches.
Trenches #1 to #3 are 122 m (400 ft) long and
Trenches #4 to #20 are 145 m (475 ft) long. Exact
trench widths are unknown.

20

N RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

N

N
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Landfill Inventory

Items Known to be Disposed

109SX Pump, Misc Lumber, 10-ft Tube, 200-ft Hose, 3-ft Pipe, 30-gal Drum Concrete, 30-gal Drums, 55-gal Barrel, 5-gal Cans,
Agitator Motor, Asst. Cylinders, Bales Misc Paper, Barrel Oil, Barrels, Broken Hand Tools, Buckets of Dirt, Cartons, Container
Hood Panel, Container Poppy Instr, Containers, Containers Filters, Leached UO3 Powder Bags, Misc Plastic, Misc Pipe, Misc
Pipe Double-Wrapped in Plastic, Misc Trash, Cones, Containers Paper, Containers Rock and Dirt, Containers Waste Oil, Metal
Box from U Plant, Conveyor and Process Hood, Crates, Disposable Supplies, Drums, Drums Depleted "U", Ductwork from
241-WR, Dump Truck Load of Misc Waste from U03, Exhauster and Tube Bundle, Failed Dissolver Pot, Motor, Fiber Barrel
of Misc Scrap, Filter and Vent Pipe, Filters and Frames, Flat Car Decking, Gravel, Hood, Hood Panel, Iron Tanks, Junk, K-9
Pump, KOH Cans, Loads Junk, Loads of Duct and Scrap Roofing, Loose Metal, Misc Junk, Misc Lumber, Misc Pipe, Obsolete Z
Plant Conveyor Belt, Obsolete Z Plant Filter Boats, Obsolete Z Plant RC Line Hoods and Associated Process Equipment, Pails,
Palletized 30-gal Drums, Paper, Cardboard, Paper Sacks, Pipe, Plastic Covered Panel, Pumps in Boxes, Recuplex Processing
Vessels, Rubber Gloves, Scrap Lead, Scrap Roofing, Shelves, Shipment of California Package Waste, Small Z Plant Centrifuge,
Special Wood Box, Stainless Tanks, Standard Carton, Tumbleweeds, Vehicle/Carryall Id-491, Vent Pipes, Windows, Wood Box
and Stainless Steel Cabinet, Wooden Box, Wooden Box Covered, Z Plant Condenser Tanks D24 and D25, Z Plant Nash Hycor
Vacuum Pumps of Cast Iron, Z Plant RMA Line Fluorinator, Z Plant Vacuum Receivers.

Information from photos and logbooks contradicting literature.

Trench numbering system in a 1960s era logbook is not the same as system on Hanford Site drawings.

Site MapLandfill Summary

WIDS Code & Aliases 218-W-3, Dry Waste No. 003

Landfill Type Dry Waste Alpha

OU & Category 200-SW-2, Past Practice

Dates of Waste Receipt 1957 to1961

Location West of the 221T Building and directly west of the 218-W-2A Burial
Ground

General Description The site received miscellaneous unsegregated wastes including
drums of depleted uranium, a 1951 pickup truck, and other
miscellaneous items, mainly in cardboard boxes. The site
is backfilled and was surface stabilized in 1983. A surface
radiological survey is performed annually.

Source Facilities PFP
Contributing More Than
5% of Waste by Volume

References WIDS; D&D-30708; SWITS; 218-W-3 Logbook
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Figure D-19

Previous Investigations*

*Location details for the following investigations are mapped on the 218-W-3 Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive soil-vapor sampling

- Stages 3 and 4-2009: In Stage 3, this landfill was sampled at 12 locations. There were no significant detections of any constituent (detections in 11 locations, the highest being for
chloroform at 164 ng, with only one other detection exceeding 100 ng - carbon tetrachloride at 123 ng with lesser amounts of tetrachloroethene). In Stage 4, this landfill was sampled at
56 locations. Low levels (<100 ng/sample) of carbon tetrachloride, chloroform, and tetrachloroethene were detected at numerous locations. Only one site showed possibly significant
amounts, with carbon tetrachloride at 1,368 ng/sample and chloroform at 125 ng/sample.

STAGE 3 DISTRIBUTION OF SAMPLE RESULTS

Number of Samples (ng/sample)

Compound

Carbon tetrachloride

Chloroform

Tetrachloroethene

10-100

6

4

100-500

1

1

500- 1,000 1,000 - 5,000 >5,000

9

Maximum
Result (ng/

sample)

123

164

60

Note: 12 total sample locations are at the 218 W-3 Landfill for Stage 3.

STAGE 4 DISTRIBUTION OF SAMPLE RESULTS

Number of Samples (ng/sample)

Compound

Carbon tetrachloride

Chloroform

Tetrachloroethene

10-100

13

4

37

100-500 500- 1,000 1,000 - 5,000

-- 1
>5,000

Maximum
Result (ng/

sample)

1,368

125

51

Note: 56 total sample locations are at the 218 W-3 Landfill for Stage 4.

Surface Radiation Surveys

m Based on the 2010 survey, three areas were identified having cps between 1001 and 1250. Two of the areas that were identified were located in the western half and one was located in the
center of the eastern half of the landfill.

Geophysics Summary

m 2006: Hanford Site Drawing H-2-32095 shows 20 trenches at this landfill. In contrast, the geophysical data for the 218-W-3 Landfill indicate that there are approximately 14 east-west trenches
containing varying amounts of metallic debris. Other than the two southernmost trenches, the interpreted trench locations do not correlate with the locations shown on the drawing.

m Techniques used: EMI, GPR, TMF

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Medium quality records, and EMFLUX Need additional records and information, if Review/reprocess existing geophysics.
suggests presence of some mobile possible. Need to confirm contents. Focused and random test pits
constituents.

Release Mechanism No evidence of downward driving force, Need to identify soil gas release areas. need Drill horizontal boring and Direct Push for leak
upward flow of soil gas is likely the only to identify potential of downward flow. detection. Review existing EMFLUX data
release

Transport Media Soil gas upward Need soil gas concentration data (active Horizontal boring and Direct Push for soil/fluid
samples) for risk assessment. Need data samples. Obtain active soil gas samples in
about fluid flow. areas of passive soil gas hits

Exposure Point Surface or near-surface (e.g., burrows) - soil No data gaps or needs No plans to investigate the exposure point
gas

Exposure Route Inhalation/dermal - soil gas Need to refine exposure model To be evaluated during risk assessment.
Engineering and ICs to restrict access and
exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment

D-43

Unplanned Releases Collocated with or Near 218-W-3 Landfill

None.

Photographic History

Motor vehicles, such as
this one parked in the 200
West landfills in 1954,
sometimes became too

- contaminated for further
use and were buried. At

- least one similar van is
buried in 218-W-3.

Cross Section

218-W-3 Landfill

1-2 m
GROUND SURFACE Backfi tjo

'Depth of vadose zone contamination is un-
known

15 GD 'See Landfill/Trench Features table on page 1 50
for specific information on trench depth.

S30j00

SDEt
(D

0 o

L EEND - Strtigrphy
4 C CU G anford formation (gravel 150

dominaedsequence)-

60 F200
- RE (itsadgrvl

Waeaabe6t (2 t

A GROUNDWATER Not to scale 250
FG070727.8

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Vadose Zone

The vadose zone is the focus of
ongoing investigation. Results of
sampling proposed in the SAP
(Appendix A) will be presented in
the RI.

Groundwater

Historically, liquid process waste
that was not sent to the Tank
Farms, was discharged to the
soil column via ponds, cribs,
ditches, and trenches. Due to
these readily available means of
liquid disposal, coupled with a
lack of burial records indicating
disposal of large quantities of
containerized liquid waste in
the 200-SW-2 OU Landfills, a
significant downward driving
force for contaminants from the
landfills is not anticipated to be
present. However, the focus
of characterization activities
proposed in the SAP (Appendix
A) are intended to investigate
the vadose zone beneath
landfill trenches to determine if
contaminants have moved from
the trenches toward groundwater.
At this time, there is no evidence
that the 200-SW-2 OU Landfills
are contributing to contamination
of groundwater.

1
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Figure D-20

218-W-3A
Landfill

A load of equipment on its way to disposal at the landfills in
1989. The items are typical of waste in industrial landfills.

and include equipment, tanks, wooden, and concrete burial
boxes. The REDOX facility is in the background.

Curie Content: High

Green Islands: Yes

Hydraulic Driving Force: Yes

Record Quality: Good

Subsidence: No

Soil gas detection: Yes

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (M
3

)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

Quantity Rank

92,000

21

1

4

0.6 16

58,000

400,000

5

2

WASTE RECORDS

Number
Available

26,382

Record
Rank Quality

2 Good

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

5 The site consists of 57 used trenches (of 61
constructed) running east to west. Four trenches
never used (TS5, TS10, T7, T18). T17 is a wide-
bottom trench that used specially constructed
burial boxes.

57 Disposal pond complex 216-T-4 along eastern
border with 218-W-3AE and 218-W-2A

N RSW? Y Green Islands?

Y Caissons? N Disposal Pond?

Y

Y
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Site Map

W7-1
i0J7-12

Landfill Summary

WIDS Code & Aliases 218-W-3A, Dry Waste No. 003A

Landfill Type Dry Waste

OU & Category 200-SW-2, Treatment, Storage, and Disposal

Dates of Waste Receipt 1970 to 1998

Location West of the 221T Building and north of 218-W-3 Burial Ground

General Description This burial ground received contaminated equipment and waste
from various Hanford Site operations, especially from the 200 West
Area, and offsite waste generators. This was the first burial ground
in 200 West Area to receive TRU waste for retrievable storage.

Source Facilities 100 Area, 200 West Area, 300 Area, PFP, Tank Farms
Contributing More Than
5% of Waste by Volume

References WIDS; WHC-EP-0912; RHO-CD-673

W7 -1 W7-3&
0*-f-
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T351I
o F T34

T33

T311I T30
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T28
T27

T26

T23

W7-5
0

W7-4
U

T24

T212T21 T

T19 218-W-3A-

mn T17

T16L

T14

T12E

T08

Green Islands T06

T034
W10-35T

T01 T2
S V10-31

T3S

T9S

WVI0-29

Ta

-Green Islands

16
|TI3

IT11

iT619

W1O-19

0 Monitoring Well

37 Decommissioned Well

Well prefix '299- omitted

= Post-August 19, 1987 Mixed Waste

TRU Stored Waste

Radioactive Solid Waste

Excavated Waste

Unused Waste Area

Aerial ImageryfromApril 2012.

0 50 2 
m00m

4 10 200 300 ft
CHS-SGW2O140272

*Some of the post-August 19, 1987 mixed waste (green islands) in trench TS6 are currently being considered for removal from
RCRA. See DOE/RL-2014-43 for more information.

Retrievably Stored (RSW) TRU Retrieval *All volumes are estimates based on SWITS data (3/25/2014).

Beginning RSW (M
3
) RSW Retrieved (M

3
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Figure D-20

Previous Investigations*

*Location details for the following investigations are mapped on the 218-W-3A Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive soil-vapor sampling (EMFLUX 2006, 2009)

- Stage 1, 2006: Biased sampling locations were analyzed for 28 organic contaminants of concern. Maximum concentrations of carbon
tetrachloride were detected at trench T3S at 149 ng/sample and at trench T9S at 1,185 ng/sample.

- Stage 2, 2009: Sampled at 135 locations. Sampling results are provided in the Passive Soil Vapor Sampling Results table.

2009 PASSIVE SOIL VAPOR SAMPLING RESULTS

Number of Samples (ng/sample)

Compound

1,1-Dichloroethane

1,1-Dichloroethene

1,1,1 -Trichloroethane

1,1, 2-Trichlorotrifluoroethane

1,2-Dichloroethane

1,2-Dichloropropane

Methyl ethyl ketone

n-Butanol

Carbon tetrachloride

Chloroform

Dichloromethane

Tetrachloroethene

Trichloroethene

10-100

59

54

40

57

1

1

5

1

39

50

6

38

43

100-500

5

37

38

8

5

7

36

7

500- 1,000 1,000 - 5,000 >5,000

12

20

2

2

26

2

32 2

2

3

27 3

Maximum
Result (ng/

sample)

6,882

3,059

8,087

436

703

212

14

10

16,557

5,013

80

9,367

447

m Vent riser soil-vapor sampling

- Soil-vapor sampling on retrievably stored TRU waste trench segments is required by Tri-Party Agreement Milestone M-091-40, Requirement
2. This waste is not in the scope of this work plan; these results are included for informational purposes only. For more sampling details see
Appendix H.

- Step I Results (pre-retrieval): The 200-PW-1 Operable Unit dispersed carbon tetrachloride vadose zone plume remedial investigation field-
screened soil vapor sampling data was used in lieu of performing additional vent riser soil-vapor sampling.

Carbon tetrachloride was detected at the highest concentration during field screening in the west end of trench T-08 at 36 ppmv.
Tetrachloroethylene and methyl chloride were found at elevated concentrations in trench T-08 at 460 ppmv and 186 ppmv, respectively.
Laboratory analysis detected tetrachloroethylene at 4,200 ppmv in trench T-08. Trichloromethane was detected at 4 ppmv in trench T-05.
Other compounds and maximum concentrations detected include 1,1,1-trichloroethane (18.8 ppmv) and trichloroethylene (13 ppmv).

Geophysics Summary

m Not performed.

RCRA Groundwater Monitoring

" LLWMA-3: Monitoring well sampling started in 1988 for contaminant indicator parameters (TOC, TOX, pH, and specific conductivity), groundwater
quality parameters, drinking water parameters, and site specific parameters as required by WAC 173-303-400(3).

" The critical mean (established in 1989 using data from upgradient wells 299-W9-1 and 299-W 10-13) was exceeded for TOX in well 299-W7-4
and for TOC in wells 299-W7-5 and 299-W8-1 in September 1989. Resampling confirmed the elevated TOX, and an interim status groundwater
quality assessment program was initiated (WHC-SD-EN-AP-022). Subsequent sampling indicated that the critical mean for TOC was not
exceeded. The groundwater monitoring sampling at LLWMA-3 between 1988 and December 1993 and groundwater quality assessment indicated
that elevated TOX in well 299-W7-4 was due to carbon tetrachloride from upgradient sources. In January 1994, LLWMA-3 re-established
background for one year and then returned to indicator evaluation monitoring. The upgradient wells have gone dry, so statistical comparisons
have not been performed since 2004.

Information from photos and logbooks contradicting literature.

None.

Cross Section

218-W-3A Landfill

1-2 m

0 GROUND SURFACE o

-Depth of vadose zone contamination is unknown.
- 15 50

See Landfill[Trench Features table on page 1 for specif-
ic information on trench depth.

E

30 100
CC

SD_

0 4510

0.

00

C3 - CCU LEGEND -Stratigraphy -

GD Hanford formation (gravel _
dominated sequence)

SDHan"o'd formation Isand
dominated sequence)

60 (interbodded sand, silt and 200
- RE some gravel; calicho) -

RERingold Formation, Uit E
(silty sandy gravel)

Swater table 67 m (220 ft)
'7

75 GROUNDWATER Not to scale 250
FG070727 4

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Vadose Zone

The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in the RI.

Groundwater

Historically, liquid process waste that was not sent to the Tank Farms,
was discharged to the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means of liquid disposal,
coupled with a lack of burial records indicating disposal of large
quantities of containerized liquid waste in the 200-SW-2 OU Landfills,
a significant downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of characterization
activities proposed in the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to determine if contaminants
have moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.

I
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Landfill Inventory

Items Known to be Disposed

10 Mil Liner, Greenhouse (Carbon Steel and Plexiglas) and
Conweb Pads Triple-Wrapped in Flexible Material Packaging
(FMP) from N-Basin, Carbon Steel Cask Rotator and Conweb
Pads Triple-Wrapped in FMP from N-Basin, Stainless Steel
Table and Damaged Cotton PPE from N-Basin Wrapped in FMP,
Cyclotron Accelerator Steering "C" Magnet, Self-Contained
Equipment, Stainless Steel Test Weight Triple-Wrapped in FMP
from N-Basin, Carbon Steel Sample Cabinet and Conweb Pads
Triple-Wrapped in FMP from N-Basin, Carbon Steel Table and
Conweb Pads Wrapped in FMP, Stainless Steel Table and Conweb
Pads Triple-Wrapped in FMP from N-Basin, Carbon Steel Rotator
Pad and Conweb Pads Triple-wrapped in FMP from N-Basin, 90-
mil Plastic Drum Liner, Carbon Steel Cask Rotator Base Assembly
and Conweb Pads Triple-Wrapped in FMP from N-Basin,
Absorbed Aqueous Solution, Absorbent, Acid, Aluminum Box,
Aluminum Wash Tank and Components Internally Contaminated
with Depleted Uranium, Animal Waste, Anti-Corrosive Radpad,
Asbestos, Ashes, Boron Balls and Boron Ball Dust, Brass Metal,
Bulk Shipment Waste of Sludge, Butyl Hypalon Basin Liner,
Cardboard, Catalyst Pack, Cement, Ceramics, Charcoal, Clay,
Cloth, Compactor Truck of Tumbleweeds, Compressor Supply
Fan #5, Concrete, Contaminated Forklift, Contaminated Tensile
Tester, Conweb Pads, Copper Magnet Coil Coated with Cured
Epoxy, Copper Metal, Copper Wire, Cork, Courtoy Rotary
Pellet Press, Diatomaceous Earth, Diatomite, Dirt, Duct Tape,
Equipment, Excavated Pavement and Soil, Feces, Ferrous Metal,
Fiberglass, Filters, Flat Cars, Floor Sweeps, Floor, Tile, Foam,
Glass, Glovebox, Graphite, Gravel, Grout, HEPA Filters, Hittman
Liner, Hittman Metal Box, Hot Cell Waste, Insulation, Insulation
Non-Asbestos, Ion Exchange Column, Ion Exchange Module, Ion
Exchange Resins, Iron, Lab Waste, Lead Brick, Leather, Liquid,
Magnets, Material from the D&D of the Imhoff Bldg, Mercury,
Metal, Metal Dumpster, Metal I-Beam, Metal Piping, Metal Plate
Padded with Cloth and Wrapped with Reinforced Plastic, Non-
Hazardous Metals, Oils, Organics, Out-of-Date Equipment,
P.V.C., Pallets, Paper, Pipe, Plaster, Plastic, Plastic Bags, Plastic
Pyrofoam Rock, Plastic Wrap, Plastic-wrapped Arc Welder,
Plastic-wrapped Concrete, Plastic-wrapped Electric Motor, Plastic-
wrapped Railroad Flat Cart, Plastic-wrapped Steam Coil Heater,
Plexiglas, Porcelain, Pyrofoam Rock, Rad-Sorb Absorbent,
Resins, Rock, Roofing Material, Rubber, Rubber Hose, Salt Bath,
Sand, Scrap Yard Cleanup, Sheetrock, Silica Gel, Sludge Waste,
Sludges, Soap, Soil Organics, Stainless Steel, Stainless Steel
Fuel Baskets, Steel, Steel and Concrete Beam Stop, Steel Blocks,
Steel Plate, Steel Shot, Steel Storage Tank, Tank, Tank Farms
Generator, Tape, Tar, Teflon, Telephone Poles, TMB V Container,
Tower T-K2, Tower T-K3, Transite, Tumbleweeds, Vegetation,
Waste from Accelerator Maintenance, Waste from D&D of Glove
Box Facility, Waste from Hazardous Waste Facility Cleanup,
Waste from Plasma Exhaust Process, Waste from R&D Activities,
Waste from Scrap Yard Cleanup, Waste from Valve Changeout,
Waste Tank from 200W Area Tank 50% Caustic, Water Treatment
Process Waste, Wire, Wood, Wooden Structure Surrounding
the Uni-l Caisson, Wrapped Railroad Flat Cart, Wyk Absorbent,
Zircoloy

I

1

1

1
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Figure D-20

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Very good quality records, and EM FLUX suggests presence of some mobile No records needs; however, need for baseline geophysics. Evaluate potential Conduct baseline geophysics to confirm trench boundaries and locate metallic
constituents. mobile constituents. anomalies. Collect EMFLUX data to confirm source knowledge

Release Mechanism EMFLUX data suggests release(s) of mobile constituents upward. Historical Need to identify vadose zone preferential pathways related to release mechanism, Perform MASW to identify preferential pathways. Drill horizontal boring and
presence of episodic water suggests potential for release(s) of mobile especially for possible downward flow Direct Push for leak detection.
constituents downward.

Transport Media Soil gas upward, fluid/water downward, including fluid/water from earlier Need soil gas concentration data (active samples) for risk assessment. Need data Perform STS resistivity and ERT for fluid data. Horizontal boring and direct
disposal ponds. about fluid flow. push for soil/fluid samples. Obtain active soil gas samples at locations of

passive soil gas hits.

Exposure Point Surface or near-surface (e.g., burrows) - soil gas. Groundwater exposure points Need to know if releases have reached groundwater Review groundwater data for evidence of impacts by 218-W-3A
- fluids/water.

Exposure Route Inhalation/dermal - soil gas. Ingestion/dermal - fluid/water. Need to refine exposure model To be evaluated during risk assessment. Engineering and ICs to restrict access
and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment

Photographic History

Open trenches
in 218-W-3A Carboard boxes disposed to 218-W-3A. Undated photo.
are shown in
a September
1975 photo.

Unplanned Releases Collocated with or Near 218-W-3A Landfill

Site Code Site Name Location Years of Operation Source Facility Contaminant Inventory/Volume Released Depth Waste Site Dimensions General Description

UPR-200-W-84 UPR-200-W-84, Ground Within the 218-W-3A Landfill, 1980 N/A Liquid waste N/A N/A In July 1980, a liquid spill occurred in the 218-W-3A Landfill when
Contamination During Burial Operation most likely Trench S9. chemical waste (beta/gamma) was being pumped from a truck
at the 218-W-3A Burial Ground to the landfill. The pump and contaminated soil were placed in a

trench. The truck was cleaned and thoroughly decontaminated at a
separate site. ("Consolidated")

D-46
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Figure D-21

21 8-W-3AE
Landfill

Undated photo showing workers placing waste in a trench
in '1-W-,3AF

Curie Content: High

Green Islands: Yes

Hydraulic Driving Force: Yes

Record Quality: Good

Subsidence: No

Soil gas detection: Yes

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (M
3
)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

34,000

20

3

5

0.4 17

370,000 2

Curies (Ci) decayed to 2015 310,000

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

WASTE RECORDS

Number
Available

11,457

Record
Rank Quality

4 Good

3

6 The site contains 8 east-west trenches of varying lengths
and widths. Trench 26 was designed for disposal of
contaminated railroad cars and large tanks.

8

N RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

Y

Y

216-T-4-ID Ditch
The 216-T-4-1D Ditch intermittently received the following waste streams; process cooling water from the 221-T and 224-T Buildings,
steam condensate from the 221-T Building, decontamination waste from 2706-T, and condenser cooling water from the 242-T Building.
The ditch operated from November 1944 to May 1972 and received waste streams via the 207-T Retention Basin and 200-W-163-PL.
Pipeline 200-W-163-PL also connected to the ditch. The original bottom dimensions were 259 m (850 ft) by 2.4 m (8 ft). The ditch was
replaced by the 216-T-4-2 Ditch in 1972 and the first 15 m (50 ft) of the original ditch was reused in the replacement ditch construction.
Both the original and replacement ditches were surface stabilized in 1995.

216-T-4-2 Ditch

The 216-T-4-2 Ditch was dug as a replacement for the 216-T-4D Ditch. The first 15 m (50 ft) of the original ditch (216-T-4D) was
reused in the 216-T-4-2 Ditch construction. The ditch received T-Plant cooling water and condensate via the 207-T Retention Basin
and the 200-W-164-PL. The ditch discharged to the 216-T-4B Pond. The original bottom dimensions were 533 m (1,750 ft) long by
2.4 m (8 ft) wide by 1.2 m (4 ft) deep. The ditch was backfilled and interim stabilized in July 1995 and permanently isolated by filling
the last pipeline manhole.
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Landfill Summary

WIDS Code & Aliases 218-W-3AE, Industrial Waste No. 3AE, Dry Waste No. 3AE

Landfill Type Industrial

OU & Category 200-SW-2, Treatment, Storage, and Disposal

Dates of Waste Receipt 1981 to 2004

Location West and adjacent to the 218-W-3A Burial Ground in the 200 West Area

General Description The location of this site also included a portion of the 216-T-4B Pond. The site received
miscellaneous wastes including rags, paper, rubber gloves, disposable supplies, broken tools,
laboratory wastes and industrial waste such as failed equipment, tanks, pumps, ovens, agitators,
heaters, hoods, jumpers, decommissioned change trailers, etc. Trenches 5 and 8 contain post-1987
mixed waste.

Source Facilities 100 Area, 1100 Area (1171 Transportation & Maintenance Building), 300 Area, Offsite
Contributing More Than
5% of Waste by Volume

References WIDS; WHC-EP-0912
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216-T-4A Pond
The 216 T 4A Pond was a natural surface depression that received discharge from the 216 T 4
1D Ditch. The pond intermittently received the following waste streams: process cooling water
from 221 T and 224 T Buildings, steam condensate from 221 T Building, condenser cooling
water and steam condensate from the 242 T Evaporator, and decontamination waste from 2706
T Building. The dimensions of the pond were approximately 549 m (1,800 ft) by 182 m (600
ft), essentially covering 6.5 ha (16 ac). The pond became active in 1944 and was exhumed in
1972 to make room for the expansion of the 218 W 2A waste site. In 1995, the pond was interim
stabilized with uncontaminated backfill and revegetated.

216-T-4B Pond

The 216-T-4B Seepage Pond received condensate and condenser cooling water from the 242
T Evaporator and nonradioactive wastewater from 221-T air conditioning units and floor drains.
The pond is located east of 216-T-4A Pond. The size of the pond is estimated at 6,100 m2 (1.5
ac). The pond was often dry, since the majority of the effluent was absorbed in the 216-T-4-2
Ditch. The pond was constructed in 1972 to replace the old 216-T-4-1 Pond (216-T-4A). The
pond was considered dry by 1977. However, the pond was not isolated from the ditch until
1995; therefore, a potential existed for effluent to reach the pond until that time.

Quantity Rank
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Previous Investigations*

*Location details for the following investigations are mapped on the 218-W-3AE Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive soil vapor sampling

- Specific sampling locations were chosen based on detailed reviews of engineering drawings, historical documents, and waste burial record
information located in the SWITS database. Samples were analyzed for the presence of 28 organic compounds identified to be contaminants
of potential concern.

- Stage 1-2006 and Stage 2-2009: In Stage 2, this landfill was sampled at 27 locations. The compounds 1,1,1-trichloroethane and
tetrachloroethene were detected at nearly every location; elevated levels were detected at several of the locations. A few other compounds,
but no carbon tetrachloride, were detected in lesser amounts.

2009 DISTRIBUTION OF SAMPLE RESULTS

Number of Samples (ng/sample)

Compound

1,1-Dichloroethane

1,1-Dichloroethene

1,1,1 -Trichloroethane

1,1,2-Trichlorotrifluoroethane

Methyl ethyl ketone

Tetrachloroethene

Trichloroethene

10-100

7

19

4

14

1

5

8

100-500

3

2

11

8

500- 1,000 1,000 - 5,000

7

3

2

>5,000

4

6 5

Maximum
Result (ng/

sample)

138

187

2,864

46

11

21,685

600

Surface Radiation Surveys

m Not available.

Geophysics Summary

m Not available.

Groundwater Monitoring

m LLWMA-3: Monitoring well sampling started in 1988 for contaminant indicator parameters (TOC, TOX, pH, and specific conductivity), groundwater
quality parameters, drinking water parameters, and site specific parameters as required by WAC 173-303-400(3).

m The critical mean (established in 1989 using data from upgradient wells 299-W9-1 and 299-W 10-13) was exceeded for TOX in well 299-W7-4 and
for TOC in wells 299-W7-5 and 299-W8-1 in September 1989. Resampling confirmed the elevated TOX, and an interim status groundwater quality
assessment program was initiated (WHC-SD-EN-AP-022). Subsequent sampling indicated that the critical mean for TOC was not exceeded.
The groundwater monitoring sampling at LLWMA-3 between 1988 and December 1993 and groundwater quality assessment indicated that
elevated TOX in well 299-W7-4 was due to carbon tetrachloride from upgradient sources. In January 1994, LLWMA-3 re-established background
for one year and then returned to indicator evaluation monitoring. The upgradient wells have gone dry, so statistical comparisons have not been
performed since 2004.

Information from photos and logbooks contradicting literature.

None.

Photographic History

A 1963 aerial photo of the 200 West area shows the 218-
W-3AE area before solid waste was buried. The active
216-T-4A pond is shown, right foreground.

A 1982 photo shows an excavated trench
in 218-W-3AE. The dried 216-T-4B Pond
also is shown.

D-48

Unplanned Releases Collocated with or Near 218-W-3AE Landfill

None.

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Very good quality records, and No records needs; however, need for Conduct baseline geophysics to confirm trench
EMFLUX suggests presence of baseline geophysics. boundaries and locate metallic anomalies.
some mobile constituents. Collect EMFLUX data to confirm source

knowledge

Release Mechanism EMFLUX data suggests release(s) Need to identify vadose zone Perform MASW to identify preferential
of mobile constituents upward. preferential pathways related to pathways. Drill horizontal boring and Direct
Historical presence of disposal release mechanism, especially for Push for leak detection.
pond suggests earlier release(s) of possible downward flow
mobile constituents downward.

Transport Media Soil gas upward, fluid/water Need soil gas concentration data Perform STS resistivity and ERT for fluid data.
downward, including fluid/water (active samples) for risk assessment. Horizontal boring and Direct Push for soil/fluid
from earlier disposal ponds. Need data about fluid flow. samples. Obtain active soil gas samples from

areas of passive soil gas hits.

Exposure Point Surface or near-surface (e.g., Need to know if releases have Review groundwater data for evidence of
burrows) - soil gas. Groundwater reached groundwater impacts from previous pond disposal
exposure points - fluids/water.

Exposure Route Inhalation/dermal - soil gas. Need to refine exposure model To be evaluated during risk assessment.
Ingestion/dermal - fluid/water. Engineering and ICs to restrict access and

exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment
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Cross Section

218-W-3AE Landfill
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*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Vadose Zone

The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in the
RI.

Groundwater

Historically, liquid process waste that was not sent to the Tank Farms,
was discharged to the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means of liquid disposal,
coupled with a lack of burial records indicating disposal of large
quantities of containerized liquid waste in the 200-SW-2 OU Landfills,
a significant downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of characterization
activities proposed in the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to determine if contaminants
have moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.

Landfill Inventory

Items Known to be Disposed

1-Gal Paint Cans, 10-Mil Drum Liner, 12-Mil Plastic Liner, Steel Heat
Exchanger with Asbestos Wrapped in Plastic, 200 ADP B Plant
LLW and HEPA Filters, 250-MI Poly Bottles, 2714U Pad U03 Drum
Overpack, 291T Prefilter# 1, Electric Motor Wrapped in Plastic,
Steel Motor with Asbestos Wrapped in Plastic, 300 ADP - 1.25%
Enriched Fuel Billet, 300 ADP - Depleted Uranium Dioxide, Soil,
Steel Pump Wrapped in Plastic, 324 Airlock Waste, 324 B Cell Grout
Container, 324 B-Cell Clean Out - 1B Rack, 324 Facility A-Frame
HEPA Filter with Steel Shielding, 324 Facility Non-Compactable
Waste, 324 Facility Waste, 324 Legacy Waste - C-Cell Waste, 325
Waste Supercompacted at ATG, 327 Basement Waste (LLW), 327
Facility Compacted Waste, 327 Legacy Waste - IX Resin, 327 PNNL
Legacy Waste, 3712 Building - Depleted Uranium Billets (Stuck
Mandrels), Wood Box Filled with Wire Rope Chockers Wrapped in
Plastic, Steel Plate Wrapped in Plastic, 55-Gal Crushed Drums,
55-Gal Metal Drum, Steel Plate Wrapped in Plastic, Lab Aqueous
Solution - Solidified, Bag of Trash and Empty Poly Bottles from
I&H Lab Filled with Kitty Litter, Empty 15-Gal Drum Filled with Kitty
Litter, 90-Mil Plastic Drum Liner, Absorbent, Absorbent Rad Pad,
Absorbed Liquid Waste, Absorbed LLW, Absorbed Non-Hazardous
Liquid and Small Amount of Non-Hazardous Paint, Absorbed Oil,
Absorbed Plain Water Radioactively Contaminated, Absorbed
Sludge, Absorbed Tritiated Water, Absorbed Tritiated Water in Inner
Containers, Absorbent, Acid Brick, Acid Brick and Concrete Mortar,
Acid Neutralized, Activated Accelerator Components, Activated
Charcoal, Activated Metal, Activated Metal from the High Beam
Reactor Canal, Activated Metal in Lead-Shielded Cask, Activated
Scrap & Equipment, Aerosol Can Empty, Airlock Waste, Aluminum
Canisters, Aluminum Canisters & Cubicle Lids, Aluminum Frame,
Aluminum Light Assembly, Aluminum Paper, Aluminum Pipes,
Analytical Process Waste, Animal Waste, Asbestos, Asbestos
Contaminated Equipment and Material Used for Decontamination,
Asbestos Contaminated HEPA Filters, Asbestos Floor Tile,
Asphalt, ATG Compacted LLR Waste, ATG Compacted LLR Waste
from 222S Analytical Ops. Shipment 99-W-091, B-25 Metal Box,
Bags, Bags Metal Pipes, Bags Paper, Basement Cleanout Waste,
Batco - West Jefferson Compacted Low-Level Debris, Battelle
Columbus LLW From Cell Cleanout, B-Cell Bridge Crane, B-Cell
Cleanout - Grouted-Hittman Liner, Beam Line Dismantling, Bedding,
Biological Material, Bldg 310 Retention Tanks, Blower, Brookhaven
Graphite Research Fiberglass Mesh and Associated Framework,
Buckets, Buggy Springs, Bulk LLW Waste from BDI Roll-Off Boxes,
Bulk LLW Waste From Compactor Truck, Bulk LLW Waste from
HO-68H-3500 Compactor Truck, Bulk LLW Waste from Mowatt
Construction Dumpster, Bulk Shipment of Waste Byproduct of Iron
Co-Precipitation, Bulk Shipment Waste of Sludge, Bulk Waste for
Disposal, Bulk Waste Shipment, Burial Box, Butyl Hypalon Basin
Liner, Camera, Canister Crusher From N-Basin Wrapped in Plastic,
Cans, Canvas, Canvas Gloves, Canyon Deck Cleanout, Carbon And
Stainless Steel, Carbon Steel, Cardboard, Cast Iron, Catalyst Pack,
Category 1 Noncompactible LLW, Category 3 Noncompactible LLW,
Cation Exchange Resin, Cell Equipment and Miscellaneous Solids,
Cement, Cement Powder, Cemented Sludge, Ceramic, Cesium
IX Columns from D-Cell, Chairs, Charcoal, Cheesecloth, Clamps
Fittings, Clay, Cleanout of Contaminated Equipment from C-Farm,
Cleanout of Legacy Waste From Pits and Trenches, Closure Head
and Related Hardware, Closure Head Shipping Container, Cloth,
Cloth, Co-60 Irradiator that Contains Lead Shielding, Coal Tar, Coke
Breeze from Anodes, Compactable LLW,

Compactable Trash, Compacted 55-Gal Drums of General
Concrete Vault, Conded Pads, Contact Handled LLW from SFO,
Contaminated Dumpster, Contaminated Earth, Contaminated
Equipment, Contaminated Ion Exchange Columns and Associated
Material, Contaminated Material from the Hot Cell, Contaminated
Pre-Filter Form 100K Basins, Contaminated Supplies from 324
Facility, Contaminated Water, Conveyor Belts from KEH Hot Yard,
Conwed Pads, Coolant Pump and Motor, Copper, Core Basket
Thermal Shield and Related Hardware, Cotton, CP5 Reactor Metal,
CP5 Reactor Paper, CPS Reactor Plastic and Concrete with Steel,
CPC Metal Box, Crushed Aluminum Fuel Storage Canisters and
Cubicle Lids, Crushed Drums Used to Store and Ship Radioactive
Liquid, Crushed Glass, Cured Chico Compound, Cut-Up Cement
Mixer, D&D Clean-Up Waste, D-Cell Skids, Debris, Decommissioned
Change Trailer, Dewatered Filter Press Sludge, Dirt, Depleted Cf-252
Source, Disposal of Old Equipment, Drained Metal Pumps, Drained
Vacuum Pumps, Dried Sludge Cake, Drill Press from N-Basin
Wrapped in Plastic, Drop Light, Dry Solid Material Segregated in
Oil Solidification Project, Dry Vermiculite, Duct Tape, Ductwork,
Dunnage Plate, Eclectic Motor, Electric Wire And Plug, Electrical
Wire, Electro-Static-Precipitator, Empty Collection Poly Bottle, Empty
Thermocouple Receiver (Steel), Encapsulated Radium Beryllium
Source, Enduropak, Equipment, Excavated Soil and Pavement,
F-102 Filter Assembly, Fan Wheels from Duct Level, Fiber Glass,
Fiberglass, Filter Frames, Filter Wheel from Duct Level, Filters, Fire
Retardant Blankets (Fiberglass), Floor Sweeping Compound, Floor
Tiles, Fuel Basket, Fuel Spacers, Gantry Crane, Garbage Cans,
Garden Hose, Gasket, General Lab Waste, Glass, Glove Box Waste,
Glove Port "0" Rings, Glovebox, Glovebox Filters, Gloves, Graphite
Blocks, Gravel, Grease, Grit Blast Media, Groundwater Slurry, Grout,
Grouted Hittman Liner from B-Cell Cleanout, Grouted Uranium,
Grouted Waste, H-3 Contaminated Water, Hard Tool Slurries from
Water Table, Heavy Equipment, Hemp Rope, HEPA Filters, HEPA
Vacuum Pre-Filters, HEPA Vacuums, HERH Process Tubes, Hittman
Cask, Hood Parts Generated from Maintenance Operations, Hood
Waste, Hoses, Hot Cell and Gallery Waste at 324 Facility, Hot Cell
Compactable Waste, Hot Cell LLW, Hot Cell Metal Hardware, HWMF
Yard Waste, Hydraulic Fluid Filters, Hypalon Gloves, Industrial Waste
Water Gravity Filter Media, Insulation, Insulation and Absorbed Non-
Haz Liquids, Insulation and Rubber, Irradiated Hardware, Irradiated
Metal LLW, Kitty Litter, Ladder, Lathe, Lathe from N-Basin Wrapped
in Plastic, Laundry By Products from Interstate Nuclear Services,
Lead (Used as Shielding), Leather, Legs From Columns, Light Metal,
Lime and Animal Feces, Liner, Old Style Cartridge Filters Packaged
Inside 2-Inch Metal Liner Om Poly Reinforced Bag with Radsorb,
Enduropak (Tritium Absorbed on Charcoal Filter), Machinery Parts,
Manipulator Body, Mask Filters, Material from D&D of A Reactor
Facility, Material from D&D of the Imhoff Building, Materials Loaded
from B-Cell, Metal, Metal Bolts, Metal Cabinet, Metal Carts, Metal
Ducting, Metal Ducting Plastic And Rubber Debris, Metal Framed
and Wood Framed HEPA Filter, Metal Framed HEPA Filters in
12-Mil Liner, Metal Glovebox, Metal I-Beam, Metal Rail Car Used
to Transport Recovered Acid, Metal Scaffolding, Metal Steel Shot,
Metal Tools, Metal Valves, Milling Press from N-Basin Wrapped
in Plastic, Mirvada Ore (Dirt), Miscellaneous Solids with Tritium
(Absorbed), Miscellaneous Solids with Tritium Gas, Molecular Sieve,
Mono Tube Pistons, Mop Head, Motor, Mud, N Reactor <1% Enriched
Contaminated Finished Fuel, N Springs Bottle

Hypalon Gloves, Non-Regulated Mask Filters, N-Reactor Carbon
Steel Fuel Spacers, Nylon Reinforced Plastic Liner, Nylon Rope, Oil,
Oil Mist Bound in HEPA Filter Media, Oil Solidified with Petroset II,
Oils (Lab Pack Form), Organics Solidified, Paint Chips, Pam Probe,
Pans, Paper, Pipettes, Plasma Exhaust Treatment Waste, Plastic,
Plastic Fire Blanket, Plastic Glove Rings, Plastic Scraps, Plastic
Sheets, Plastic Strike Plates, Plastic Wrap, Plastic Wrapped HEPA
Filters and 12-Mil Liner, Plate, Plexiglas, Poly Bag, Portland Cement,
Powder Sources, PPE, Precipitate with Portland Type Ill Cement,
Pre-Filter #2 from 291T Filter Changeout, Pre-Filters and Tent from
242A, Prefilters and Stepoff Pad Waste, Pressure Washers, Pumice,
Pump, Pump Capsule and Pump Sleeve, Pyrofoam, Quinto Lubric on
Rags and Filters, Rabbit Feces, Rad Gloves, Rad Pad and Pyrofoam
Void Space Filler, Rad Rope, Rad Sorb, Rad. Contaminated Material
from the Hot Cell, Radiologically Contaminated Equipment Which
Has No Further Use, Radium Sources, Radium-Beryllium Neutron
Sources Shielded with DU and Polyethylene, Rags, Rail Car Truck
(Wheel Assembly), Railroad Ties, RARA Tumbleweed Cleanup,
Reactor Closure Head, Reactor Parts from the CP-5 Reactor, Rebar,
Rec Airlock Waste, Regulated Low Level HEPA Filters, Remote
Filer Media and Metal Framing, Resins, RH Debris Waste from
327 Hot Cells, RH LLW Hot Cell Waste Shielded to CH Levels,
Ridge Nuclear Cutting Fluid on Rags, RMW Grease #2, Rock, Rod
Sections, Rollers, Rolls of Plastic, Roofing Material, Room 301
Waste Removal, Rope, Rope (Hemp), Rubber, Rubber Bucket,
Rubber Hoses, Rubber Matting, Rubber Shoes, Rubber(Electrical
Wire), Rubble, Sample Liners, Sampler and Universal Liners,
Sand, Saw Blades, Scissors, Scrap, Scrap Metal, Self-Contained
Equipment, Self-Contained Prefilter from 291T Filter Banks,
Sheeting, Sheetrock, Shovel, Shredder, Signs, Sissel Craft Paper,
Size-Reduced Dunnage, Small Metal Carts, Small Tools, Soil,
Solidified Liquids, Source and Source-Like Material, Sources in
Pigs, Spacer, Spacer Funnel, Sr-90 Stainless Steel Source Tabs,
Stainless And Aluminum Canisters, Stainless Pipe, Stainless Steel,
Stainless Steel Fuel Basket, Steel, Steel Bearings, Steel Shot, Steel
Tools, Step-Off Pad Waste, Stir Mechanism, Strippable Coating And
Metal Wire, Sump Cooler Squirrel Cage, Supertiger Waste, Suspect
Radioactive Pipe with Smaller Pipes Inside, Table, Tank Contacted
Waste, Tank Scale, Tank Solids, Tape, TEDF Bulk Shipment of
Sludges, Telephone Poles Wrapped in Plastic, Thorium Metal
Samples, Tk-131 Pump and Riser Pipes, TMB-V Container, Tool Box,
Tools, Transite Ductwork, Treated Grouted Uranium, Tritium Target
Canisters, Trolley from 30-Ton Crane System, Truck Assembly from
Rail Cars, Tumbleweeds, Unirradiated Aluminum Clad Fuel, Vadose
Zone Hard Tool Slurry, Vegetation, Vent Duct, Vermiculite, Waste
from Cleanout and Relining of Process Sewer, Waste from D&D of
A Reactor Facility, Waste from D&D of Glove Box Facility, Waste
from Membrane Filter Press, Waste From 0 And M of TFTR, Waste
From Pad Cleanup, Waste from Water Treatment, Waste Generated
From Analytical Operations, Waste from the Supertiger Waste
Substream, Waste Water Filter Samples, Water, Water Table Sand
and Groundwater, Water Tower Pieces 3902-B Demolition, Water
Treatment Process Waste, Welding Rod Wood Towel, WESF Hot
Cell Cleanout, West Jefferson Compacted Low Level Waste, Wiring,
Wood, Wrap Process Area Room Waste Drum. Paper, Wrap Room
Waste Drum Pucks Containing Imbiber Beads Rinse - Solidified,
Neoprene Hose, Non-Containerized Tumbleweeds, Non-Reg Oily
Rags, Non-Regulated Leaded and Unleaded Hypalon Glovebox
Gloves.
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218-W-4A
Landfill

1964 photo of cover blocks emplaced in 218-W-4A.

Curie Content: Moderate

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Good

Subsidence: Yes

Soil gas detection: No

Characterization Data

LANDFILL CONTENTS

Physical Characteristics Quantity

Waste Volume (m3)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

18,000

7

35

Rank

7

9

4

Site MapLandfill Summary

WIDS Code & Aliases 218-W-4A, Dry Waste No. 04A

Landfill Type Dry Waste Alpha

OU & Category 200-SW-2, Past Practice

Dates of Waste Receipt 1961 to 1968

Location Southwest of the 221T Building, northwest of 234-5Z,
adjacent to and north of 218-W-11

General Description Vertical pipe units were installed near the east end of
Trench 16. Each consists of two 55-gal drums welded
together with the ends removed except the bottom of the
lower drums; they were placed 4.6 m (15 ft) bgs. After each
drop containing waste, dirt was shoveled into the well to
shield the gamma radiation. Two vertical pipe units as deep
as 15 m (48 ft) may be located near the east end of Trench
18. No information has been found on their contents. Drawing
H-2-32487 shows details of many individual burials. One
unplanned release associated with this site is a fire in the
landfill (UPR-200-W-16). According to WIDs, UPR-200-W-26
is associated with this landfill, but it was determined that the
correct location is in association with 218-W-1A. The site was
stabilized in 1983.

Source Facilities 200 West Area, PFP, REDOX
Contributing More Than
5% of Waste by Volume

References WIDS; 218-W-4A Logbook; SWITS
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Subsidence?

Episodic Water?

5 The unit contains 21 miscellaneous dry waste trenches. The trenches are oriented in an east to west direction with Trench #1
on the southern end of the site and Trench #21 on the northern end. The site also contains six vertical pipe units that are 5 m

21 (15 ft) deep and may contain two additional caissons that are 15 m (48 ft) deep.
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Previous Investigations*
*Location details for the following investigations are mapped on the 218-W-4A Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m No Detections (2009)

Surface Radiation Surveys

m Based on the 2011 survey, two areas (one on the west edge, one on the east edge) were identified
having a cps greater than 1500. Seven areas, distributed throughout the footprint of the landfill, were
identified having counts per second (cps) between 1001 and 1250.

Geophysics Summary

m 2009: Confirm 21 trench locations in the geophysical survey data. Six caissons in Trench 16 and one
caisson in Trench 17 are not confirmed in the geophysical data. One caisson was correlated with an
anomaly in Trench 18. The trenches are on approximately 12 m (40 ft) centers and are approximately
9 m (30 ft) wide. The trenches contain metallic and non metallic debris located between 0.5 and 2.0
m (1.6 and 6.6 ft) bgs. Five trenches were identified in the southern part of 218-W-4A during the
geophysical investigation of 218-W-11 in June 2006.

m Techniques used: TDEM, EMI, GPR, TMF

GEOPHYSICAL TRENCH DATA

Trench 1 Trench #1 is the shortest trench, starting about 30 m (98 ft) further east than the other
trenches, at coordinate E289. This trench appears to contain both non-metallic and metallic
debris, covered by 0.8 to 1.5 m (2.6 to 4.9 ft) of fill. The trench boundary correlates well with
the documentation.

Trench 2 The trench appears to contain bothnon-metallic and metallic debris, covered by 1.0 to 2.0
m (3.3 to 6.6 ft) of fill. One shallow anomalous area at 0.5 m (1.6 ft) bgs is observed at
coordinate E158. The trench boundary correlates well with the documentation.

Trench 3 The trench appears to contain bothnon-metallic and metallic debris, covered by 1.0 to 1.5
m (3.3 to 4.9 ft) of fill. One shallow anomaly at 0.5 m (1.6 ft) bgs is observed at coordinate
E176. The trench boundary correlates well with the documentation.

Trench 4 The trench appears to contain both non-metallic and metallic debris, covered by 1.5 to 2.0
m (4.9 to 6.6 ft) of fill. The trench boundary correlates well with the documentation.

Trench 5 The trench appears to contain bothnon-metallic and metallic debris, covered by 1.0 to 1.5
m (3.3 to 4.9 ft) of fill. The eastern portion of the trench appears to contain minimal metallic
debris. The western half of the trench converges somewhat toward Trench #4. The trench
boundary correlates with the documentation.

Trench 6 The trench appears to contain bothnon-metallic and metallic debris, covered by 0.7 to 1.5 m
(2.3 to 4.9 ft) of fill. The anomalies/debris east of coordinate E230 are generally about 0.7 m
(2.3 ft) bgs. The trench boundary correlates well with the documentation.

Trench 7 The trench appears to contain bothnon-metallic and metallic debris, covered by 1.0 to 1.5
m (3.3 to 4.9 ft) of fill. Metallic material appears more prevalent in the eastern portion of the
trench. The trench boundary correlates well with the documentation.

Trench 8 The trench appears to contain both non-metallic and metallic debris, covered by 0.7 to 1.5
m (2.3 to 4.9 ft) of fill. Much of the buried metallic material is approximately 0.7 m (2.3 ft)
bgs in the eastern portion of the trench. In general, the trench boundary correlates well with
the documentation, but it appears to converge with (but is still separate from) Trench #9
east of coordinate E230.

Trench 9 The trench appears to contain both non-metallic and metallic debris, covered by 1.5 to 2.0
m (2.3 to 6.6 ft) of fill. The trench boundary correlates well with the documentation.

Trench 10 The trench appears to contain both non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to
4.9 ft) of fill. The trench appears to contain less metallic debris than the other trenches. The trench
boundary correlates well with the documentation.

Trench 11 The trench appears to contain both non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to
4.9 ft) of fill. The eastern portion appears to contain minimal metallic material, and some of the debris
may be as little as 0.5 m (1.6 ft) bgs. The eastern portion of the trench appears to trend slightly more
northerly; otherwise, the trench boundary correlates well with the documentation.

Trench 12 The trench appears to contain both non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to
4.9 ft) of fill. The trench boundary correlates well with the documentation.

Trench 13 The trench appears to contain both non-metallic and metallic debris, covered by 0.5 to 1.5 m (1.6 to
4.9 ft) of fill. Between coordinates E245 and E290, the buried metallic material appears to be more
concentrated along the northern side of the trench, appearing to make this portion of the trench closer
to Trench #14. Otherwise, the trench boundary correlates well with the documentation.

Trench 14 The trench appears to contain both non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to
4.9 ft) of fill. The trench boundary correlates well with the documentation.

Trench 15 The trench appears to contain both non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill (3.3
to 4.9 ft) of fill, with the exception of the most western end where some of the metallic debris appears
to be approximately 0.5 m (1.6 ft) bgs. The trench boundary correlates well with the documentation.

Trench 16 The trench appears to contain both non-metallic and metallic debris, covered by 1.0 to 1.5 m of
(3.3 to 4.9 ft) of fill. This trench is interpreted to contain six vertical pipe units, with the top of each
pipe ranging from 0.7 to 1.0 m (2.3 to 3.3 ft) bgs. The vertical pipe units are located between the
approximate coordinates E317 and E333 (in contrast to the location shown on the engineering
documentation), about 30 m (98 ft) west of this location. A large "flat-topped" anomaly was detected
at approximately coordinate E290, where engineering drawings show the vertical pipe units, at 2 m
(6.6 ft) bgs. This is only pointed out here due to historical knowledge of the vertical pipe units and the
possibility of caissons in the area. The trench boundary correlates well with the documentation.

Trench 17 The buried debris is covered by approximately 1.0 to 1.5 m (3.3 to 4.9 ft) of fill. Notes on the
engineering drawing indicate that the western one-third of the trench was "...unable to dig due to
tapering of Trench #18..." The geophysical data indicate that this trench does exist for the entire length
and does contain both non-metallic and metallic debris. An engineering drawing shows a caisson
near the eastern end of the trench, which does correlate with one of two geophysical anomalies in this
area, but it is not clearly within the trench centerline. Generally, the trench boundary correlates well
with the documentation.

Trench 18 The buried debris is generally covered by approximately 0.7 to 2.0 m (2.3 to 6.6 ft) of fill. The trench
contains both metallic and non-metallic material. The western end appears to converge a bit with
Trench #17, and the eastern end appears to be a few meters north of the location indicated on the
engineering drawing. The drawing also shows a caisson at the eastern end, which does correlate
with an approximate 8 m (26-ft)-diameter anomaly at about 0.8 m (2.6 ft) bgs. The trench boundary
correlates well with the documentation.

Trench 19 A trench does not appear to have been dug at this location. None of the geophysical methods detected
anomalous features at this trench location. The GPR data indicated characteristics of undisturbed soil.

Trench 20 The buried debris, both metallic and non-metallic, is generally covered by approximately 0.8 to 1.5 m
(2.6 to 4.9 ft) of fill. The trench boundary correlates well with the documentation.

Trench 21 The buried debris, metallic and non-metallic, is generally covered by approximately 0.5 to 1.5 m (1.6 to
4.9 ft) of fill. The eastern end of the trench, at approximately coordinate E365, contains deeply buried
metallic debris with 2.0 to 2.5 m (6.6 to 8.2 ft) of fill material. The trench boundary correlates well with
the documentation.

Cross Section

218-W-4A Landfill

1-2 m

0 GROUND SURFACE Bakfill

'Depth of vadose zone contamination is un-
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*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Vadose Zone

The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (App. A) will be presented in the RI.

Groundwater

Historically, liquid process waste that was not sent to the Tank
Farms, was discharged to the soil column via ponds, cribs, ditches,
and trenches. Due to these readily available means of liquid
disposal, coupled with a lack of burial records indicating disposal of
large quantities of containerized liquid waste in the 200-SW-2 OU
Landfills, a significant downward driving force for contaminants from
the landfills is not anticipated to be present. However, the focus of
characterization activities proposed in the SAP (Appendix A) are
intended to investigate the vadose zone beneath landfill trenches
to determine if contaminants have moved from the trenches toward
groundwater. At this time, there is no evidence that the 200-SW-2
OU Landfills are contributing to contamination of groundwater.

Unplanned Releases Collocated with or Near 218-W-4A Landfill

Site Code Site Name Location Years of Source Contaminant Inventory/ Depth Waste Site General Description
Operation Facility Volume Released Dimensions

UPR-200-W -72 UPR-200-W-72, Within the 1975 N/A Laboratory waste and N/A 15 by 15 m (50 Contaminated laboratory waste was found with gross alpha and mixed fission product contamination in October 1975. The waste had been buried years before at the
Contamination at the 218-W-4A contaminated soil by 50 ft) previously required 1.2 m (4 ft) depth. Soil erosion caused the waste to become exposed. The waste was removed, and the area was covered with 15 cm (6 in.) of sand, a
218 W 4A Burial Ground Landfill. layer of urea bore, a layer of 10 mil plastic, 31 to 36 cm (12 to 14 in.) of soil, and 8 to 10 cm (3 to 4 in.) of rock. ("Consolidated")
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Photographic HistoryLandfill Inventory

Items Known to be Disposed

Containers, Ladders, Panel, Vacuum Pump, Wooden Boxes, #8 Filter Box, 002-Ur Agitator Assay from 106-Tx Tank Farm, Refrigerator, Loose
Concrete, Blacktop, Roofing Grave, Hot Dirt, Gate, Coil (Helical), Boxes - Contaminated Filters, Wooden Box, 14-ft Stepladder, 1A Column &
Capsule, 2 Sections of Down Comer Pipe, 2-Ton Dump Truck of Scrap Metal from Minor Construction, 22 Pallets Holding 88 Drums, 221-T Dissolver
and Tower, 233S Ductwork, 233S Filters, 241 SX Pump, 241 SX Deep Well Pump, Filters, 30-Gal Drum Dirty Beryllium Parts and Scrap, 3P-SXB-
5411-218 Broken Column, Cart, 4-Wheel Cart, Box with 108-F Hood, Drums, DXT Hood from Room 38, Small Paint Locker from 231Z, T-Canyon
Waste Receptacle, Weighing Hood from Room 179-B, Agitator, Agitator Box, Agitator Parts, Air Duct from 100F, Air Ducts, Air Samplers, Iron Box
from U Plant Containing a PUREX Tube Bundle and Misc. Other Debris, Ballast Pump, Barrel, Barrels from Coors, Batteries from Garage, Beam
Off Roof, Belt Sander Buehler, Boeing Missile Waste, Box, Boxes from 234-5 Bldg Task 1 RMA, Broken Hand Tools, Buried 3-Stage Pumps, Buried
3-R Dissolver & Tower from 221-T Bldg, Cans, Cat, Centrifuge and Tank from U Canyon, Centrifuge Block, C-Line Hood 39, Coil, Coils from #5
Boiler Room at Redox, Column, Column Jumpers, Concrete, Concrete Block Classified Debris Samples, Container Paper, Containers Natural
Uranium, Containers of Pipe, Containers of Silo Waste, Containers of Std Cartons & Buckets, Containers P.R. Can, Containers Special Burial
P&Co Unloaded Box, Containers Waste Oil, Contaminated Parts, Cover Block, Crate, Cribbing, Cylinders Containing Unclassified Material, D-1
Dissolver from Recuplex, Deep Well Pump TX-115, Desks, Diffuser Pump, Dirt, Disposable Supplies, Dog Cage, Door, Down Comer Pipe Cones
from Heaters, Drum, Drums Beryllium, Dry Blender Mixer, Dry Waste, Duct Boxes, Ducts, Dumped 221-T Canyon Waste, Failed Agitator Assembly
with Motor, Fiber Barrels, Filters, Fire Brick Out of Incinerator, Food Mixer Hobart, 4 Hoods from 222-U, Fuel PRTR Element, Furnace, Glass, Glove
Boxes, Gondola from T Plant, Gratings, Green Hut Junk, HEPA Filter, Hood #16, Hood 6-A, Hood from 234-5 Analytical Lab, Hood Panels, Hoods
from 234-5 for Finished Products, Iron Lung from 233, Iron Plate, K-9 Vessel, Knockout Pots, L 16 Agitator 233S Bldg, Lab Capsule, Lard Cans,
Large Box, Large Hood-Type Container, Laundry Boxes, Lead Shield, Light Bulbs, Load Asphalt from Roof, Loads Stones, Loose Automotive Parts,
Machine Parts, Metal Container of Classified Scrap, Metal Turnings, Minor Const. Burials, Misc. Junk from T Plant Around Stack, Misc. Canyon
Scrap, Misc. Waste from Redox Canyon, Wood Cabinets, Missile Parts from Boeing, Oil Drum, Oil Drums from 231-Z, Ore. Duck Dunk Truck,
Package Ductwork, Pane, Pc Plywood, Pieces Dockwork, Pieces of Lumber, Pieces of Pipe, Plastic Greenhouse & Piping, Plow and Car Chassis,
Pr Can, Propane Bottles, PRTR Shim Rods In Cap, Pump Motor, Pump Wrapped in Plastic, Pump X19 from 224-U, Pu-Oven, Purex 1-D Column
Capsule, Purex Wall Racks, Radiator, Rags, RC Can, RECUPLEX Waste, Recycle Hood and Piping Reading, Redox Column Carrier, Redox Column
Carrier Chain, Redox Dissolver Filters A4 & C4, Redox F-1 Pot, Redox Silo Equipment, Room Fan, Rubber Gloves, S Farm Steam Line Lagging TX,
Salt Pot, Sand, Scaffolding, Scrap from 291-Z, Scrubbers, Several Dry Filters from 234-5, Sieve Testing Shaker, Electric Motors From 224-U, Slab
Cover, Smokestack, Spray Ring, Stainless Steel Polishing Hoods from 234-5, Standard Cartons, Steam Radiators, Stove Port 234-5, SX-118 Pump,
T Plant Junk Box, Tank #8 221-U Bldg, Ties, Tile, Tile Field from 234-5, Tires, Tower, Trailer Planking, Tubing and Tin Boxes, Tumbler, Valves, Vent
Tubes, Weeds, Windows, Wood Crate, Wood-Crated Process Hood, Wooden Box, Wooden Boxes Containing Bamboo Scrap, Wooden Crates from
233S.

Photo January 30 1964 of T-Plant waste
placed in Trench 10 of 218-W-4A landfill. Burial
records indicate that waste buried this day
includes the 3-R Dissolver & Tower from 221-T,
PUREX wall racks and 221-T Canyon waste
box. Workers are spraying water during the
burial to keep contamination down.

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and
Rationale

Source Good records, and no indication of Need to review existing data. Need Review/reprocess existing
mobile constituents from EMFLUX to understand caissons better. geophysics. Focused and random

Need to confirm contents. test pits. Attempt use of multi-
detector probe on caissons

Release Mechanism Likeliest release mechanism Need to identify potential of Perform MASW to identify
is erosion/ subsidence. No downward flow. Need to understand preferential pathways. Visual
past history of driving force or current erosion/subsidence activity inspection/monitoring of surface
constituent mobility via gas or and potential for erosion and subsidence. Drill
leachate flow. horizontal boring and Direct Push

for leak detection

Transport Media Dry waste with no evidence of Need data about fluid flow. Need Perform STS resistivity and ERT
soil gas or leaching. Potential for to review site history to assess if for fluid data. Horizontal boring and
direct transport of waste after being waste has been directly transported Direct Push for soil/fluid samples.
uncovered by erosion/subsidence. (e.g., blown about by wind, exposed Analyze directly exposed or

by storms) transported waste, if present.

Exposure Point Direct exposure to contents Need to confirm site conditions and Review/inspect site surface for
waste containment exposed waste

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk
assessment. Engineering and ICs
to restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk
assessment.

D-52

Photo January 30 1964 of waste burial (cover
blocks) in 218-W-4A landfill.

The 218-W-4A landfill in 1965.

Photo (January 30, 1964) of waste destined for
burial in Trench 10 of 218-W-4A landfill.

Information from photos and logbooks contradicting literature.

None.
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218-W-4A Caissons
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Diagram

Concrete cover

Top
cover
backfill

3 feet

Five 22 inch
diameter by
36 inch long 15 feet
drums welded
together

Concrete footings

Vertical Pipe Units

The 218-W-4A landfill contains 21 miscellaneous dry waste trenches oriented east to west and 6 or 8 vertical pipe units or drywells, also
known as caissons. The vertical pipe units were installed near the east end of Trench 16 and consist of two to five 55-gal drums welded
together with the lids and bottoms removed. They were placed 4.6 m (15 ft) below ground surface. Two deeper caissons may be located
between Trenches 17, 18, and 19.

Photographs

Photo shows 218-
W-4A and 218-W-
4B caisson types
during a practice

installation.
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21 8-W4B
Landfill

September 9, 1975: hotcell waste being placed
in caisson in 218-W-4B landfill.

Curie Content: High

Green Islands: No

Hydraulic Driving Force: Yes

Record Quality: Good

Subsidence: Yes

Soil gas detection: Yes

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (m)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci) decayed to 2015

WASTE RECORDS

Number
Available

4,717

Quantity Rank

6,600 16

3.5 10

9.0 6

4,200

46,000

6

6

Record
Rank Quality

7 Good

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

4 The site contains 13 trenches and one row of 12 caissons.
The row of caissons include 5 alpha caissons, 6 mixed fission
product (MFP) caissons and one silo type caisson used for high
activity N-Reactor waste. The alpha caissons are out of scope
of this work plan.

13

Y RSW?

Y Caissons?

Y Green Islands?

Y Disposal Pond?

N

N
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Site MapLandfill Summary

WIDS Code & Aliases 218-W-4B, Dry Waste No. 04B

Landfill Type Dry Waste

OU & Category 200-SW-2, Treatment, Storage, and Disposal

Dates of Waste Receipt 1967 to 1990

Location Northwest of the 234-5Z Building, directly west of the 231-Z Building

General Description The site contains miscellaneous debris including rags, paper,
cardboard, plastic, and equipment. Trenches 7 and 11 and the alpha
caissons contain TRU waste planned to be retrieved under M-91. Four
of the five alpha caissons were used from 1970 to 1979; the fifth is
believed to be empty. The alpha and MFP caissons are up to 2.7 m (8.8
ft) diameter, 3 m (10 ft) high concrete and/or corrugated steel containers
with an access chute diameter of approximately 90 cm (36 in). The silo-
type caisson is a 3 m (10 ft) diameter, 9 m (30 ft) tall container placed on
a concrete foundation with a concrete shielding top slab; it has a 107 cm
(42 in) diameter access chute. All caissons are equipped with air-filtering
systems. Trenches 1 through 6 were surface stabilized and backfilled
with clean soil in 1983. Trench 7 is covered with a 1.2 m (4 ft) soil
mound. The remaining trenches were backfilled after use and stabilized
with clean gravel in 1995.

Source Facilities 222-S, 300 Area, PFP, and T-Plant
Contributing More Than
5% of Waste by Volume

References WIDS; WHC-EP-0912; RHO-CD-673

W
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Landfill Inventory

Items Known to be Disposed

17-ft Boat and 60-hp Outboard Motor, 165-lb Furnace, 2-inch Hand Rail, 55-Gal Drums Encased in Concrete, 9B Filter Head
Assembly, Absolute Filters, Beryllium-Contaminated Waste, Blocks, Box, Burial Box, C.W.S. Filters, Cables, Canyon Waste
Boxes, Carbon Steel Tank, Cartons, Cell Waste, Centrifuge, Chem Pumps, Concrete, Conduit, Construction Scaffolding,
Crushers, D-6 Agitator Motor Assembly, Dead Animals, Drive Heads, Drum Dot 6M, Drums of Sand, Dry Boxes, Dry Filters
- 55-Gal Drums, Duct Units, Ductwork, Evaporator Pot, Exhaust Line, Failed Crane Wheels, Filter Box, Filters, Fittings,
Flange, Fume Hood Filters, Furnaces, Gear Reducer, Glove Boxes, Grinder Machine and Hood, Hardware Steel, HEPA
Filter, Hood, Hoods, Hot Dirt in Rags, Hot Sand, Hydrostatic Pump, Ice Chest, Inlet/Outlet Exhaust Dampers, Kinney KC-3
Vacuum Pump, Lab Misc. Waste, Lab Paper Waste, Lab Stool, Ladders, Lumber, Manipulator Boots, Metal Boxes, Metal
Canyon Waste Boxes, Metal Dry Filters, Milling Machine and Hood, Misc. Laundry, Misc. Scrap, Non-Combustible Waste,
Oily Rags, Pallets of Lead Brick, Paper, Piping, Plastic, Plate, Plywood, Plywood Boxes, Process Filter, Process Waste,
Pumps, Radiation Boxes, Rats, Rubber Gloves, Safeway Scaffold, Saw Fines, Scaffold Board, Scrap from VIPAC, Shelving,
Steel Boxes, Steel Decking, Steel Table, Transite Pipe, Two Boxes From 292-T, Vacuum Gauge, Vacuum Pumps, Valves,
Vinyl Bags, Wood, Wood Box with Lab Equipment, Wood Decking from Railroad Flatcar, Zak Machine, Absorbent, Animal
Waste, Cardboard, Ceramics, Cloth, Concrete, Cotton, Diatomaceous Earth, Dirt, Filters, Galvanized, Glass, Graphite,
Insulation Non-Asbestos, Iron, Kitty Litter, Kotex, Lumber, Metal, Nylon, Oils, Paper, Plastic, Polyurethane, Rags, Resins,
Rubber, Sheet, Stainless Steel, Vermiculite, Wood.

Retrievably Stored (RSW) TRU Retrieval *All volumes are estimates based on SWITS data (3/25/2014).
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Previous Investigations*
*Location details for the following investigations are mapped on the 218-W-4B Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive soil vapor sampling

- Specific sampling locations were chosen based on detailed reviews of engineering drawings, historical documents, and waste curial record
informaiton located in the SWITS data base. Samples were analyzed for the presence of 28 organic compounds identified to be contaminants
of potential concern.

- One sample location had carbon tetrachloride levels greater than 100 nanograms: targeted location, trench 8 had carbon tetrachloride levels
in excess of 70,000 nanograms.

- Stage 1-2006 and Stage 2-2009: In Stage 2, this landfill was sampled at four locations. Elevated levels of carbon tetrachloride and
chloroform were detected at two locations. The maximum amount of carbon tetrachloride detected during Stage 2 occurred in this landfill
(26,138 ng/sample), which is consistent with the results form Phase I-A. Small amounts of several other compounds were also detected.

2009 DISTRIBUTION OF SAMPLE RESULTS

Number of Samples (ng/sample)

Compound

1,1-Dichloroethane

1,1-Dichloroethene

1,1,1-Trichloroethane

1,1,2-Trichlorotrifluoroethane

1,2-Dichloropropane

1,2,4-Trimethylbenzene

Carbon tetrachloride

10-100

2

2

2

3

2

Chloroform

100-500 500-1,000 1,000 - 5,000 >5,000

Maximum
Result (ngl

sample)

16

50

2 258

31

29

29

2

22

Tetrachloroethene

Trichloroethene

3

3

2 26,138

1,389

147

55

Note: 4 total sample locations are at the 218-W-4B Landfill.

m Vent riser soil-vapor sampling

- Soil-vapor sampling on retrievably stored TRU waste trench segments is required by Tri-Party Agreement Milestone
2. This waste is not in the scope of this work plan; these results are included for informational purposes only. For mo
Appendix H.

M-091-40, Requirement
re sampling details see

- Step I Results: The 218-W-4B Landfill received retrievably-stored TRU in trenches T-07 and T-11. Trench T-11 did not receive vent risers and
was not sampled. The highest concentrations of carbon tetrachloride were detected at the west end of trench T-07 ranging from 274 ppmv-
7,580 ppmv. Other compounds and maximum concentrations detected include dichloromethane (51.2 ppmv), trichloromethane (155 ppmv),
and tetrachlorethylene (124 ppmv), dichlorobenzene, m- (171.69 ppmv), and methyl ethyl ketone (193 ppmv)

m Soil vapor extraction

- During FY 2007, an SVE system was operated at the 218-W-4B Landfill from December 2006 through July 2007 (SGW-37111, Performance
Evaluation Report for Soil Vapor Extraction Operations at the 200 PW I Operable Unit Carbon Tetrachloride Site, Fiscal Year 2007). Different
vent risers were used at extraction points. Elevated concentrations of carbon tetrachloride were detected in Trench 7 during the environmental
release investigation that was performed in support of retrieval operations for retrievably stored waste. The vapor extraction points were
moved periodically from west to east as vapor extraction operations reduced the carbon tetrachloride concentrations and as waste retrieval
progressed. The system was removed permanently to allow retrieval operations to remove the remaining waste at the end of Trench 7.

Surface Radiation Surveys

m Not performed.

Geophysics Summary

m Not performed.

Groundwater Monitoring

m LLWMA 4-monitoring wells have been sampled since 1988 for contaminant indicator parameters, groundwater quality parameters, drinking water
parameters, and site specific parameters as required by WAC 173-303-400(3).

Groundwater Monitoring continued...

m Monitoring wells were installed at LLWMA-4 (218-W-4B and 218-
W-4C) between 1987 and 1992. The original monitoring network
included 17 wells. One well, 299-W18-29, was completed in a perched
aquifer but went dry soon after it was drilled. Sampling at LLWMA-4
was suspended for a period of time during fiscal years 1990 and
1991. Groundwater flow was toward the west at the beginning of
RCRA monitoring, but the hydraulic gradient altered dramatically
with termination of discharges to U Pond and other facilities. The
initiation of the 200-ZP-1 OU pump-and-treat groundwater remediation
also impacted groundwater flow and quality at LLWMA-4. The
monitoring network was updated in 1998 to redefine the upgradient
and downgradient wells. Four shallow wells were chosen to monitor
upgradient conditions, and three shallow wells were chosen to monitor
downgradient of the landfill. In addition, one deep upgradient well and
one shallow upgradient well remained in the monitoring network. Since
that time, three additional upgradient wells have gone dry (299-W15-
15, 299-W18-21, and 299-W18-23). After the monitoring network
was updated in 1998 to reflect the changing flow directions, newly
designated downgradient well 299-W15-16 exceeded the statistical
comparison value for total organic halides (TOX). The exceedance was
attributed to the regional carbon tetrachloride plume that moved into the
area under previous flow conditions. This exceedance was first reported
to Ecology in August 1999. The TOX values continue to exceed the
critical mean value at LLWMA-4.

m The LLWMA-4 is affected by regional volatile organic compound (VOC)
contamination, and the northern portion is within the capture zone
of the 200-ZP-1 OU interim action pump-and-treat system. Carbon
tetrachloride is the major contaminant in the plume, but chloroform,
trichloroethene, tetrachloroethene, and nitrate are also present. The
TOC concentration exceeded the critical mean of 790 pg/L in well
299-W15-224, with a concentration between 1,090 and 1,300 pg/L
in August 2008. This was the first time that the well had exceeded
the critical mean for TOC. The well was resampled, and the new
results available in November 2008 were 2,100 and 2,200 pg/L, again
exceeding the critical mean. A request was then submitted to resample
the well and analyze for an extensive list of VOCs, semivolatile organic
compounds (SVOCs), and TPHs to identify the cause of elevated TOC.
The resampling event occurred in December 2008, and the results
received in January 2009 indicted that no organic compounds were
identified that would account for the elevated TOC. In January 2009,
the Soil and Groundwater Remediation Project notified DOE and other
CH2M HILL Plateau Remediation Company organizations regarding
the elevated TOC concentration at LLWMA-4, and DOE then notified
Ecology. The project also prepared a groundwater quality assessment
plan to evaluate the elevated TOG, which proposed sampling wells
299-W15-224, 299-W15-30, and 299-W15-83 for analysis of 40 CFR
264, Appendix IX organic constituents and other constituents potentially
responsible for elevated TOG.

m Prior to assessment sampling, the pump was removed from well 299-
W15-224 and a camera survey was completed to determine if any
anomalies were present in the well. Nothing out of the ordinary was
noted during the camera survey, the pump was replaced, and samples
were collected on March 15 and 16, 2009. The samples were analyzed
for 40 CFR 264, Appendix IX list of VOC and SVOC compounds,
TOX, chemical oxygen demand, oil and grease, phenols, pesticides,
herbicides, polychlorinated biphenyls, dioxans, dissolved oxygen, TPH
(diesel, gasoline, and kerosene), and coliform bacteria. In July 2009,
the results of the first determination did not find dangerous waste in the
groundwater at LLWMA-4, and monitoring at the LLWMA returned to
indicator evaluation monitoring.

Cross Section

218-W-4B Landfill
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*Water table depth was calculated from data in
Handbook 200 Areas Waste Sites.

Vadose Zone
The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in the RI.

Groundwater
Historically, liquid process waste that was not sent to the Tank Farms,
was discharged to the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means of liquid disposal,
coupled with a lack of burial records indicating disposal of large
quantities of containerized liquid waste in the 200-SW-2 OU Landfills,
a significant downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of characterization
activities proposed in the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to determine if contaminants
have moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.
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*Depth of vadose zone contamination is unknown.

*See Landfill/Trench Features table on page 1 for specif-
ic information on trench depth.

SD

CCU LEGEND - Stratigraphy

GD Hanford formation (gravel
dominated sequence)

So Hanford formation (sand
dominated sequence)

CCU Cold Creek Unit
(interbedded sand, silt and
some gravel; caliche)

RE Ringold Formation, Uni
(silty sandy gravel)
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Figure D-23

Photographic History

September 9, 1975: hotcell waste shipping cask
for caisson destined waste.

218-W-4B caisson contents.

September 9, 1975: hotcell waste destined for
disposal in caisson in 218-W-4B.

1978 photo of caisson installation in 218-W-4B.

A 1980 photo shows an open
trench in 218-W-4B. The row of
caissons in this landfill is visible
at the bottom of the picture.

I
D-56

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Good information indicating presence of some mobile constituents (i.e., gases/fluids), No records needs; however, need for baseline geophysics and to understand Conduct baseline geophysics to confirm trench boundaries and locate metallic
including EM FLUX data caissons better anomalies. Attempt use of multi-detector probe on caissons. Collect EMFLUX data

to confirm source knowledge.

Release Mechanism EMFLUX data suggests release(s) of mobile constituents upward. Historical presence Need to identify vadose zone preferential pathways related to release Perform MASW to identify preferential pathways. Drill horizontal boring and Direct
of episodic water suggests potential for release(s) of mobile constituents downward. mechanism, especially for possible downward flow Push for leak detection.

Transport Media Soil gas upward, fluid/water downward, including fluid/water from earlier disposal Need soil gas concentration data (active samples) for risk assessment. Need Perform STS resistivity and ERT for fluid data. Horizontal boring and Direct Push
ponds. data about fluid flow for soil/fluid samples. Obtain active soil gas samples in areas of passive soil gas

hits.

Exposure Point Surface or near-surface (e.g., burrows) - soil gas. Groundwater exposure points - Need to know if releases have reached groundwater Review groundwater data for evidence of impacts by 218-W-4B
fluids/water.

Exposure Route Inhalation/dermal - soil gas. Ingestion/dermal - fluid/water. Need to refine exposure model To be evaluated during risk assessment. Engineering and ICs to restrict access
and exposure.

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment

Information from photos and logbooks contradicting literature.
None.

Unplanned Releases Collocated with or Near 218-W-4B Landfill
None.

I
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Figure D-23

218-W-4B Caissons

218-W-4B Landfill

LocationsI

299W15-192 14-

(4)

(-5) S
(6)

299-W15-23 9 --

(10)

12 2
13

00.(14) 00 000

C4021
29 - 15-15

LEGEND
Trench Number Radioactive Waste

9Year Last Filled Post-August 19,1987 Mixed Waste
Trench in Service Retrievably Stored Waste
Unused Trench Area 0 Wells Available for Sampling/Logging

= Unused Waste Area - Decommissioned Wells

oO. Caissons
Not to scale

Years of Operation: 1967 -1990

C4246
C4245

C4243

9915

SW2 FG070604.3 070710

- High dose rate (up to 10,000 mR/hr)

. Typically remote handled waste

*Small containers (1-5 gallons)

* High beta-gamma radiation

* Potential for small volumes of sorbed organics
(lab packs)

* 5 caissons in M-91 project scope

* 1 alpha caisson believed unused, two MFP
caissons believed to contain fewer than 10 waste
packages each.

Cross Section

218-W-4B Caissons

GROUND SURFACE
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ground surface
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GD Hanford formation (gravel
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Diagram

Blower

Filter
*-Housing

4.3 m

0.9 m Dia Pipe

Concrete

2.4 m Dia
Cor rgted
Metal Pipe I

Photographs

Photo shows 218-
W-4A and 218-W-
4B caisson styles
during a practice

installation.
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3.1 m

3.5 cm
1 3.0 m 

The caissons contained within the 218-W-4B landfill were used for disposal of alpha and MFP containing waste.

Caissons CA1 through CA5 (also called alpha caissons) were planned for TRU waste. From 1970 to 1988, retrievably stored TRU waste
was placed in four of the five. The caissons have been isolated; one caisson (CA5) never has been used. The five alpha caissons are
approximately 2.7 to 3 m (8.75 to 10ft) in diameter, 3 m (10 ft) high concrete and steel covered vaults with steel lifting lugs and a 0.9 m (3 ft)
diameter access chute. The alpha caissons weigh approximately 11,800 kg (26,000 lb).

Six general (also called dry waste or MFP) caissons in this landfill containing LLW were filled from 1968 to 1979. Dry waste or MFP-type
caissons are 2.4 m (8 ft) in diameter and 3.1 m (10 ft) high. According to WIDS, two of these caissons were constructed the same way as the
alpha caissons, except with corrugated metal instead of steel and concrete. The last shipment of caisson waste in 218-W-4B was deposited
into MFP Caisson #6 in 1990.

There is one caisson referred to in the literature as a United Nuclear Industries (UNI) below grade silo-type caisson used for high activity N
Reactor waste. The UNI silo-type caisson is 3 m (10 ft) in diameter and 9 m (30 ft) tall with corrugated pipe containers placed on a concrete
foundation with a top concrete shielding slab. It has a 1.1 m (3.5 ft) diameter access chute. Waste is placed beneath a concrete slab 4.6 m (15
ft) below grade. The chute of this caisson was plugged shortly after it began receiving waste and was taken out of service after plugging.
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Figure D-24

218-W-4C
Landfill

Undated photo showing waste emplacement in
218-W-4C Trench 3.

Curie Content: High

Green Islands: Yes

Hydraulic Driving Force: Yes

Record Quality: Good

Subsidence: Yes

Soil gas detection: Yes

Characterization Data

LANDFILL CONTENTS

Physical Characteristics

Waste Volume (M
3
)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Quantity Rank

15,000

15

8

7

0.1 18

130,000

Curies (Ci) decayed to 2015 130,000

3

4

WASTE RECORDS

Number
Available

7,127

Record
Rank Quality

5 Good

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

4 The shape of the main portion is an irregular polygon. Of
the sixteen trenches constructed, only fifteen trenches in the
main landfill have been used with trench numbers NC,1, 4,
7, 14, 19, 20, 23, 24, 28, 29, 33, 48, 53 and 58. The trenches
run east to west and range in length from 50 m to 232 m (162
ft to 760 ft).

15

Y RSW? N Green Islands?

Y Caissons? N Disposal Pond?

Y

N

D-58

Site Map

I'

Landfill Summary

WIDS Code & Aliases 218-W-4C, Dry Waste No. 004C

Landfill Type Dry Waste

OU & Category 200-SW-2, Treatment, Storage, and Disposal

Dates of Waste Receipt 1978 to 2004

Location Main section located west and southwest of the 234-5Z Building. Annex is
located directly south of the 234-5 Building.

General Description The site is divided into two parts, the section containing burial trenches to
the west and an annex, which never has been used, to the east. The Z Plant
burning pit, which operated during the late 1940s and early 1950s and burned
only non-hazardous, non-radioactive waste, is near the west end of Trench
33. Trenches 1, 4, 7, 20, 24, and 29 contain retrievably stored, suspect TRU
waste. Some of the TRU-containing trenches are asphalt lined. One drum of
suspect TRU was buried in what is otherwise a LLW trench in 1981; records
were later examined, and the drum and trench were redefined as containing
only LLW. Trenches NC, 14, and 58 contain post-1987 mixed waste.

Source Facilities 100 Area, 300 Area, Offsite, PFP, REDOX
Contributing More Than
5% of Waste by Volume

References WIDS; SWITS
T33

0Montoring Well

2 Decomrissioned Well

Well prefix'299-ortitted

Post-August 19, 1987 Mixed Waste

TRU Stored Waste

RadoacteSolidWaste

Unused TrenchArea

Excavated waste

Unused Waste Area

Aerial lmagery fromApril 2012.

0 50 l10er

O 100 200 3009
CHSGW2014027

7-- -

- v ' . ...

- N Nval oe
WW15-16

W

rWI8-W

T23
T24 W W1B-4

r T-8

T29

2171

W1 8-16
W1 8.7

W18-18

Wi 8-27

WV8-19

3W1828U

T53

N18-29

-T58
1--22

W181-2f118

I sGeeolSraiReaI 8x C2(8SW2CHSGW2014277

*Some of the post-August 19, 1987 mixed waste (green islands) in trenches T14 and T58 are currently being considered for
removal from RCRA. See DOE/RL-2014-43 for more information.

Retrievably Stored (RSW) TRU Retrieval

*All volumes are estimates based on SWITS data (3/25/2014).

Beginning RSW (M
3
) RSW Retrieved (M

3
) RSW Remaining to be Retrieved (M

3
)

7000 7000 0

Z-Plant Burn Pit
The Z-Plant Burn Pit is collocated with 218-W-4C Landfill. It was a disposal site for combustible, non-radioactive construction,
office, and non-hazardous laboratory waste, including unnamed chemicals. The burn pit was exhumed during construction of
the 218-W-4C Landfill. It was located near the west end of Trench 33. It was reported to have received 2,000 m3 (2,600 yd3 )
of waste for burning, including less than 1,000 m3 (1,300 yd3) of laboratory chemicals. The burn pit was 15 m (50 ft) long, 12
m (40 ft) wide, and 3 m (10 ft) deep. It was used from 1950 to 1960.

l8-5

W18-

I

.YWI. -

7
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Previous Investigations*
*Location details for the following investigations are mapped on the 218-W-4C Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

* Passive soil vapor sampling

- Specific sampling locations were chosen based on detailed reviews of engineering drawings, historical documents, and waste burial record
information located in the SWITS data base. Samples were analyzed for the presence of 28 organic compounds identified to be contaminants
of potential concern.

- Stage 1-2006 and Stage 2-2009: In Stage 2, this landfill was sampled at nine locations. Moderate amounts of
1,1,1-trichloroethane were detected at two locations. Small amounts of a few other constituents also were also detected.

2009 DISTRIBUTION OF SAMPLE RESULTS

Number of Samples (ng/sample)

Compound

1,1-Dichloroethane

1,1-Dichloroethene

1,1,1-Trichloroethane

1,1,2-Trichlorotrifluoroethane

Carbon tetrachloride

Tetrachloroethene

10-100

4

2

2

4

4

100-500 500-1,000 1,000 - 5,000 >5,000

Maximum
Result (ng/

sample)

10

90

4 2 1,764

22

28

102

Note: 9 total sample locations are at the 218-W-4C Landfill.

* Vent riser soil-vapor samples

- Soil-vapor sampling on retrievably stored TRU waste trench segments is required by Tri-Party Agreement Milestone M-091-40, Requirement
2. This waste is not in the scope of this work plan; these results are included for informational purposes only. For more sampling details see
Appendix H.

- Step I Results: The 218-W-4C Landfill received retrievably-stored TRU in trenches T-01, T-04, T-07, T-20, T-24, and T-29. Trench T-24
contained no vent risers. Field screening detected the highest concentrations of carbon tetrachloride at the east end of trench T-04
ranging from 114-668 ppmv. Trichloromethane was detected in trench T-04 at a maximum concentration of 283 ppmv. Carbon tetrachloride
was detected in lab samples from trench T-07 and T-29 at 2.7 and 3.4 ppmv, respectively. Other detected compounds and maximum
concentrations in the 218-W-4C landfill include dichloromethane (4.71 ppmv), 1,1-dichloroethane (28.1 ppmv), 1,1,1-trichloroethane (2,337
ppmv), trichloroethylene (25.5 ppmv), and tetrachloroethylene (1717 ppmv).

- Step 11 Results: Soil vapor samples were collected from the vadose zone along the edge of the asphalt pad through 168 direct-push
holes. Carbon tetrachloride was detected at low concentrations in all trenches sampled. The highest concentration of carbon tetrachloride
was at the east end of trench T-29 at 3.21 ppmv. Trench T-04 contained the highest concentration of tetrachloroethylene at 43.06 ppmv.
Other compounds and maximum concentrations detected include 1,1-dichlorothane (13.89 ppmv), 1,1,1-trichloroethane (9.40 ppmv),
1,1,2-trichloroethane (8.64 ppmv), 1,2-dichloroethylene (3.87 ppmv), dichloromethane (7.12 ppmv), and methyl chloride (28.87 ppmv).

* Soil vapor extraction

- During FY 2004, an SVE system was operated at the 218-W-4C Landfill from November 2003 through April 2004 (WMP-26178, Performance
Evaluation Report for Soil Vapor Extraction Operations at the 200 PW 1 Carbon Tetrachloride Site, Fiscal Year 2004). Elevated concentrations
of carbon tetrachloride were detected at the east end of Trench 4 during the remedial investigation for the 200 PW 1 OU. The SVE system
was operated from two to seven hours per day to remove the carbon tetrachloride from the trench to minimize the potential for a release to the
groundwater. Vent risers at the east end of the trench were typically used as extraction points. Based on the decline in carbon tetrachloride
concentrations and the absence of detectable radiological activity at the vapor extraction system, operation of the system was extended to 24
hours/day in January 2004. Approximately 11 kg of carbon tetrachloride were removed during FY 2004. The system was removed permanently
to allow retrieval operations to remove bulk soil overburden covering the drums at the east end of Trench 4.

Surface Radiation Surveys

* The review of aerial radiation survey results from 1973 to 1974 did not reveal any sources of contamination that originated from the 218-W-4C
Annex area.

Geophysics Summary

* Not performed.

Groundwater Monitoirng

* LLWMA 4-monitoring wells have been sampled since 1988 for contaminant indicator parameters, groundwater quality parameters, drinking water
parameters, and site specific parameters as required by WAC 173-303-400(3).

Groundwater Monitoring continued...

* Monitoring wells were installed at LLWMA-4 (218-W-4B and 218-
W-4C) between 1987 and 1992. The original monitoring network
included 17 wells. One well, 299-W18-29, was completed in a
perched aquifer but went dry soon after it was drilled. Sampling
at LLWMA-4 was suspended for a period of time during fiscal
years 1990 and 1991. Groundwater flow was toward the west at
the beginning of RCRA monitoring, but the hydraulic gradient
altered dramatically with termination of discharges to U Pond and
other facilities. The initiation of the 200-ZP-1 OU pump-and-treat
groundwater remediation also impacted groundwater flow and
quality at LLWMA-4. The monitoring network was updated in 1998
to redefine the upgradient and downgradient wells. Four shallow
wells were chosen to monitor upgradient conditions, and three
shallow wells were chosen to monitor downgradient of the burial
ground. In addition, one deep upgradient well and one shallow
upgradient well remained in the monitoring network. Since that
time, three additional upgradient wells have gone dry (299-W15-
15, 299-W18-21, and 299-W18-23). After the monitoring network
was updated in 1998 to reflect the changing flow directions,
newly designated downgradient well 299-W15-16 exceeded the
statistical comparison value for total organic halides (TOX). The
exceedance was attributed to the regional carbon tetrachloride
plume that moved into the area under previous flow conditions.
This exceedance was first reported to Ecology in August 1999.
The TOX values continue to exceed the critical mean value at
LLWMA-4.

m The LLWMA-4 is affected by regional volatile organic compound
(VOC) contamination, and the northern portion is within the
capture zone of the 200-ZP- 1 OU interim action pump-and-
treat system. Carbon tetrachloride is the major contaminant in
the plume, but chloroform, trichloroethene, tetrachloroethene,
and nitrate are also present. The TOC concentration exceeded
the critical mean of 790 pg/L in well 299-W 15-224, with a
concentration between 1,090 and 1,300 pg/L in August 2008. This
was the first time that the well had exceeded the critical mean
for TOC. The well was resampled, and the new results available
in November 2008 were 2,100 and 2,200 pg/L, again exceeding
the critical mean. A request was then submitted to resample
the well and analyze for an extensive list of VOCs, semivolatile
organic compounds (SVOCs), and TPHs to identify the cause
of elevated TOC. The resampling event occurred in December
2008, and the results received in January 2009 indicted that
no organic compounds were identified that would account for
the elevated TOC. In January 2009, the Soil and Groundwater
Remediation Project notified DOE and other CH2M HILL Plateau
Remediation Company organizations regarding the elevated TOC
concentration at LLWMA-4, and DOE then notified Ecology. The
project also prepared a groundwater quality assessment plan
to evaluate the elevated TOG, which proposed sampling wells
299-W15-224, 299-W15-30, and 299-W15-83 for analysis of 40
CFR 264, Appendix IX organic constituents and other constituents
potentially responsible for elevated TOG.

m Prior to assessment sampling, the pump was removed from well
299-W15-224 and a camera survey was completed to determine
if any anomalies were present in the well. Nothing out of the
ordinary was noted during the camera survey, the pump was
replaced, and samples were collected on March 15 and 16, 2009.
The samples were analyzed for 40 CFR 264, Appendix IX list of
VOC and SVOC compounds, TOX, chemical oxygen demand,
oil and grease, phenols, pesticides, herbicides, polychlorinated
biphenyls, dioxans, dissolved oxygen, TPH (diesel, gasoline,
and kerosene), and coliform bacteria. In July 2009, the results
of the first determination did not find dangerous waste in the
groundwater at LLWMA-4, and monitoring at the LLWMA returned
to indicator evaluation monitoring.

Cross Section

218-W-4C Landfill
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*Depth of vadose zone contamination is unknown.

*See Landfill/Trench Features table on page 1 for specif-
ic information on trench depth.
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*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.

Vadose Zone
The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in the RI.

Groundwater
Historically, liquid process waste that was not sent to the Tank Farms,
was discharged to the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means of liquid disposal,
coupled with a lack of burial records indicating disposal of large
quantities of containerized liquid waste in the 200-SW-2 OU Landfills,
a significant downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of characterization
activities proposed in the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to determine if contaminants
have moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.
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Photographic History Landfill Inventory

Items Known to be Disposed

10-Mil Plastic Drum Liner, 10ON Compacted Waste, 10ON
Compactor Drums, 26-inch Vac. Job, 30-Ton Cask, 327 Facility
Compacted Waste, 55 Gallon Waste Drums, 8-Mil Liner, 90-Mil
Plastic Drum Liner, Absorbed Aqueous Solution, Absorbed Liquid
Waste, Absorbed Urine, Absorbent, Acid, Activated Accelerator
Components, Activated Stainless Steel from FFTF Reactor,
Aluminum Tubing, Animal Feces, Animal Tissue, Animal Waste,
Anti-Corrosive Radpad, Asbestos, Asbestos Contaminated
Equipment and Material Used for Decontamination, Ashes, Asphalt,
Batco Pool Filters and Resins, Biological Material, Blacktop, Blood,
Bolts, Boron Carbide Balls, Brass Metal, Brick, Bulked Waste,
Carbon Steel, Carbon Steel Shot, Cardboard, Cask Coolant Pump,
Cathode Tubes, Cell Equipment, Cement, Cemented Sludge,
Ceramics, Charcoal, Chemical Stripper, Clay, Cleanout of Legacy
Waste from Pits and Trenches, Cloth, Cloth Rags, Commercial Lab
Sample Return, Compacted Empty Bottles, Compacted Gallery
Waste, Compacted Lab Waste, Compacted LLR, Compacted LLSW,
Compacted Paper, Compacted Plastic, Compacted RCRA-Empty
Bottles, Compactable Waste, Compactor Drum, Concrete, Conweb
Pads, Coolant Pump, Copper Metal, Copper Wire, Cork, Cotton,
Crushed Glass, Debris Waste, Decon Tank, Depressurized Fire
Extinguishers (Full), Desiccant, Dewatered Sludge, Diatomaceous
Earth, Dirt, Drierite, Dry Vermiculite, Duct Tape, EAL Lab Labpack,
Epoxy, Equipment, Excavation for 2706T Construction Project,
Excess Non-Regulated Chemicals from Building Clean Out, Feces,
Ferrous Metal, Fiberglass, Fiberglass Floor Filters, Fiberglass Floor
Tiles, Fiberglass Prefilters, Filler, Filters, Firebrick, Fissile Waste
Drum, Flanges, Floor Sweeps, Flume Hood Pre Filters, Foam, Foil,
Fuel, Galvanized, General Lab Waste, Glass, Glassware, Glovebox,
Gloves, Graphite, Gravel, Grease, Grout, HEPA Filters,

Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and Rationale

Source Good information indicating presence of some mobile constituents (i.e., gases/fluids). No records needs; however, need for baseline geophysics Conduct baseline geophysics to confirm trench boundaries and locate metallic
anomalies. Collect EMFLUX data to confirm source knowledge.

Release Mechanism EMFLUX data suggests release(s) of mobile constituents upward. Historical presence of Need to identify vadose zone preferential pathways related to release mechanism, Perform MASW to identify preferential pathways. Direct Push for leak detection
episodic water suggests potential for release(s) of mobile constituents downward. especially for possible downward flow

Transport Media Soil gas upward, fluid/water downward, including fluid/water from earlier disposal ponds. Need soil gas concentration data (active samples) for risk assessment. Need data Perform STS resistivity and ERT for fluid data. Direct push for soil/fluid
about fluid flow. samples. Obtain active soil gas samples in area of passive soil gas hits

Exposure Point Surface or near-surface (e.g., burrows) - soil gas. Groundwater exposure points - fluids/water. Need to know if releases have reached groundwater Review groundwater data for evidence of impacts by 218-W-4C

Exposure Route Inhalation/dermal - soil gas. Ingestion/dermal - fluid/water. Need to refine exposure model To be evaluated during risk assessment. Engineering and ICs to restrict

Receptor Ecological and human receptors. Need to develop receptor inventory. To be evaluated during risk assessment

Unplanned Releases Collocated with or Near 218-W-4C Landfill

Site Code Site Name Location Years of Operation Source Facility Contaminant Inventory/Volume Released Depth Waste Site General Description
Dimensions

UPR-200-W-37 UPR-200-W-37, East of Dayton Ave, southwest 1955 N/A High-activity dry waste N/A N/A Three boxes mistakenly containing dry, high-activity waste were sent to the Z Plant
Contaminated Boxes of Z Plant within the 218-W-4C burn pit, which was located within what is now the 218-W-4C Landfill. The boxes
Found in a Burn Pit Landfill. were noticed before being burned, but during removal, it was noted that one box had

opened in the pit causing radiological contamination. The boxes were removed and
sent to the proper trench. ("Consolidated")

Z Plant BP Z Plant BP, Z Plant Located east of Dayton Ave, 1948 to 1960 N/A The burn pit received 2,000 m3 of wastes 3.0 m 12.2 by 15.2 m Consolidated with the 218-W-4C Landfill. This unit is a rectangular burning pit
Burning Pit within the boundaries of the for burning, including less than 1,000 m3  located within (under) the 218-W-4C Landfill. The site was exhumed during the

current 218-W-4C Landfill. of laboratory chemicals. excavation of Trench 7 in the 218-W-4C Landfill. ("Consolidated")

D-60

HIC, I-Beams, Insulation Non-Asbestos, Ion Exchange Column, Iron, Kitty
Litter, Kotex, Lead, Leather, Light Bulbs, Lime, LLR From Duct Level, LLR
Generated from Analytical Operations, LLR Soil from Room 1A Upgrade,
LLW Cat 1 Used GAC and Powersorb, Lumber, Metal, Metal Bolts, Metal
Cask, Mineral, Mineral Oil in KL, Non-Hazardous Metals, Non-Hazardous
Paint Waste, Non-Infectious Biological Material, Non-Reg. Paint Related
Waste, Non-Reg. Oily Rags, Nylon, Oilbase, Oils, Oily Rags, Organics
(Nonhazardous), Oxides, Paint Chips, Paints, Paper, Paraffin Wax, Parks
Township Soil, Pigmats, Pins or Rods, Plaster, Plastic, Plastic Liners from
200-BP-5 Pump and Treat, Plexiglas, Plywood, Polyacrylate, Polypropylene,
Polyurethane, Powders, PPE, Pumice Rock, Pyrofoam, Pyrofoam Rock,
Pyrofoam Void Space Filler, Rad Pad, Rags, Railroad Ties, Resins, RMW
"Oil-Related Waste", Rocks, Roofing Material, Rope, Rubber, Rubber
Gloves, Rust Sweepings, Salt Bath, Sand, Sheet, Sheetrock, Silica Gel,
Slaked Lime, Sludges, Soap, Soils, Solidified Sludge from Heel of 200-BP-5
Pump and Treat Tanks, Solvents, Special Fab Type A Container, Sponge,
Stainless Steel, Steel, Steel Piping, Steel Shot, Styrofoam, Super 80
Rubber, Talc, Tape, Tar, Teflon, Thinners, Treated Acidic Solids, TRU Room
Waste, Tubing, Tuf-Glide, Tumbleweeds, Twigs, Universal Polypropylenes,
Used Hurrisafe on Towels, Valves, Vegetation, Vermiculite, Void Filler,
Waste from B Cell Cleanout, Waste from D&D of the GA Hot Cell, Waste
from Membrane Filter Press, Waste from O&M of TFTR Experimental
Systems, Waste from R&D Activities, Waste from the Nat. Tritium Labeling
Facility, Water, Water Treatment Process Waste, Wax, Weeds, Wire, Wood,
Wyk (Silica Absorbent), Zircoloy.

This June 1989 photo of 218-W-4C shows the layout of the landfill.

Information from photos and logbooks contradicting literature.

None.
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21 8W-5
Landfill

This undated photo of waste emplaced in 218-W-5 shows
stacked wooden and plastic boxes.

Curie Content: High

Green Islands: Yes

Hydraulic Driving Force: No

Record Quality: Good

Subsidence: Yes

Soil gas detection: Yes

Landfill Summary

WIDS Code & Aliases

Landfill Type

CU & Category

Dates of Waste Receipt

Location

General Description

Source Facilities
Contributing More Than
5% of Waste by Volume

References

218-W-5, Dry Waste Burial Ground, Low-Level Radioactive Mixed
Waste Burial Grounds.

Dry Waste

200-SW-2, Treatment, Storage, and Disposal

1986-2004

In northwest corner of 200W area, west of and adjacent to 218-W-
3A.

This unit is designed to store non-TRU waste and retrievable TRU
waste. There are five distinct storage and disposal areas within
the expansion: However, its current use includes only low level
radiological soild waste and low level mixed waste. Trench 22
contains post-August 19, 1987 mixed waste. Trenches 31 and 34
are currently (2015) being used to dispose of MLLW, and are out of
the scope of this project.

100 Area, 300 Area, Offsite, PFP, Tank Farms

WIDS; SWITS

Physical
Characteristics

Waste Volume (m3)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci)

Quantity

19,000

24

0.7

200

11,000

Rank

6

14

14

16

7

WASTE INFORMATION

Number
Available Rank

39,218 1

Record
Quality

Good

LANDFILL/TRENCH FEATURES

Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

6 Currently there are 11 LLW trenches and 2
MLLW waste trenches. The MLLW trenches 31
and 34 are currently used, constructed with a
polyethylene liner, and are out of scope of this
workplan.

13

Y

N

RSW?

Caissons?

N

N

Green Islands?

Disposal Pond?

Y

N
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Site Map

-47-80AP~'---

WV8-1 W7-9 W7-1
W7-12 W7-11we w7 v0

-_ T03

T08
T09

WI0-36

T14

T21

T22 218-W-5

-T24

T27

T29

T33

1 0 -35

14

WIO0-29

Wi10-30

I W10-14
r I0I II0 125 250 375 500 ft IW
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Characterization Data

LANDFILL CONTENTS
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Previous Investigations* Cross Section Photographic History
*Location details for the following investigations are mapped on the 218-W-5 Landfill plate provided on the CD associated with Appendix D. 218-W-5 Landfill

Soil Gas Sampling

i Passive soil vapor sampling 12 r

- Stage 1-2006 and Stage 2-2009: In Stage 2, this landfill was sampled at nine locations. Moderate amounts of 1,1-dichloroethene, 0 GROUND SURFACE 0_
1,1,1-trichloroethane, and tetrachloroethene were detected in many of the samples. Small amounts of a few other compounds also were
detected.

2009 DISTRIBUTION OF SAMPLE RESULTS
*Depth of vadose zone contanination is unknown.

15 50Number of Samples (ng/sample) Maximum - *See LandfillTrench Features table on page 1 for specif-

Result (ng/ ic information on trench depth.

Compound 10- 100 100-S500 500- 1,000 1,000 -5,000 >5,000 sample) E

1,1-Dichloroethane 6 -- -- -- -- 62

1,1-Dichloroethene 2 5 -- 1 -- 1,364 30 100

1,1,1-Trichloroethane 1 -- -- 8 -- 4,428 ." U

1,1,2-Trichlorotrifluoroethane 6 2 -- -- -- 203

Carbon tetrachloride 5 -- -- -- -- 16

Tetrachloroethene 6 1 2 -- 1,329 - CCU LEGEND-Strtigrphy--

-G Hanford foration (grael
Trichloroethene 3 -- -- -- -- 27 dominated squnoo)

S Hanford foration (sad
Note: 9 total sample locations are at the 218-W-5 Landfill. doinatd sequene)

CCU Cold Crek Uit
60 (interbedded sand, iltand 200

Surface Radiation Surveys E E .ng Fmn Unit This 2007 photo of 218-W-5 shows the layout of the
(silty sandy gravel) landfill. The outline includes trenches 31 and 34, in the

i Not performed. V Wntertabie 67 m (220 I) foreground, which are out of scope of this work plan.

Geophysics Summary EJ

i Not performed. 75 GROUNDWATER Notfo scale 250
FG0070274

Groundwater Monitoring

i RCRA groundwater monitoring program for LLWMA-3 (218-W-3A, 218-W-3AE and 218-W-5 ) was initiated in 1987. Background monitoring *Water table depth was calculated from data in RHO-CD-673,
at LLWMA-3 began in 1988. Critical mean values (WHC-SA-1 124-FP, Statistical Approach on RCRA Groundwater Monitoring Projects at the Handbook 200 Areas Waste Sites.
Hanford Site) for the indicator parameters TOC, TOX, pH, and specific conductivity were established in 1989 using data from four quarters
from upgradient wells 299-W9-1 and 299-Wi10-13. The critical mean was exceeded for TOX in well 299-W7-4 and for TOC in wells 299-W7-5 Vadose Zone
and 299-W8-1 in September 1989. Resampling confirmed the elevated TOX, and an interim status groundwater quality assessment program
was initiated (WHC-SD-EN-AP-022). Subsequent sampling indicated that the elevated TOC values were erroneous and that the critical mean The vadose zone is the focus of ongoing investigation. Results of
for TOC was not exceeded. The groundwater monitoring network at LLWMA-3 was sampled quarterly between 1988 and December 1993, sampling proposed in the SAP (Appendix A) will be presented in the RI.
with the exception of the period between June 1990 and June 1991 when laboratory services were unavailable. The additional sampling and
groundwater quality assessment indicated that elevated TOX in well 299-W7-4 was due to carbon tetrachloride from upgradient sources. Groundwater
Consequently, LLWMA-3 returned to a background evaluation program in January 1994 to re-establish background and then to indicator
evaluation monitoring after one year. The LLWMA-3 has remained in indicator evaluation monitoring since that time. The upgradient wells have Historically, liquid process waste that was not sent to the Tank Farms,

all gone dry, so statistical comparisons have not been performed since fiscal year 2004. was discharged to the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means of liquid disposal,
coupled with a lack of burial records indicating disposal of large
quantities of containerized liquid waste in the 200-SW-2 OU Landfills,
a significant downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of characterization
activities proposed in the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to determine if contaminants
have moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.

Information from photos and logbooks contradicting literature.
None.

I-6
D-62
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Landfill Inventory

Items Known to be Disposed

Stainless Steel Canisters, EXIT Signs with H-3, 1-Inch Pipe, 10-Mil Liner,
152-ER Contamination, Light Pole, 1-Inch Bolts, 219-S Cell Cover Block,
221T Canyon Deck Clean off, 241BY Farm Cleanup, 241-TX Misc LLW, 242B
Swamp Cooler Removed and Packaged Intact, 250 MI Poly Bottles, 2706T
and Headend Greenhouses, 2706T Cleanup and Step-Off Pad Waste,
2706T Decon and Housekeeping Activities, 3-ft Bottle Cart, 30-ft 1.5 ID
Abs Pipe, 4-Inch Pipe, 5-Gal Paint Cans, 60 Horse Power Electric Motor,
85-Gal Empty Puck Drum, 90-Mil Liner, A Cell Equipment, Abandoned
Exhauster Frame, Abs (PVC) Piping, Absorbent, Absorbed Liquid, Absorbed
Oil, Absorbed Propylene Glycol, Absorbed Rad. Contaminated Water and
Resin, Absorbed Rainwater, Absorbed Tritiated Water, Absorbed Water,
Accelerator Waste, Acetylene Bottles, Acid Brick and Concrete Mortar, Acid
Spill Pillows, Activated Accelerator Components, Activated Unused Spare
Pump, Adsorbed Plasma Gas, Aerosol Cans, Agar, Air Filters, Air Sampling
Equipment, Airline Hose, Airlock Waste, Alara Strip Paint, Aluminum Alloy
Casting, Aluminum Channel, Aluminum Conduit, Aluminum Foil, Aluminum
Ladder, Aluminum Tape, Angle Iron, Angled Steel, Animal Tissue, Animal
Waste, Anion Resin, Annulus Pump Assembly, Asbestos, Ash, Asphalt,
Automatic Transmission Fluid, B-12 Box, B-25 Box, B-25 Metal Box, B-26
Box, B87 Metal Box, Bag Floor Dry, Bag Floor Sweep, Bag Laundry, Bag
Metal Clamps and Tube, Bag Rubber Boots, Bags Mineral Wool, Bags
of Tape, Bags Rock, Barbed Wire, Barrel Rotator, Barrier Cream, Base
cabinets, Basin Blow Sand Clean Up, Billet Boxes, Binders, Bio Rad
Exchange Resin, Biological Waste, Bird Bones, Bird Carcasses, Bird Debris,
Bird Droppings, Bird Nests, Black Beauty Abrasive, Black Mita Toner
Cartridge, Bolts, Bone Char, Books, Boral Sheet, Boron Ball Dust, Boron
Balls, Boron Carbide Balls, Boxes, Diamond Plate, Braided Steel Cable,
Brass Chem-Pump, Brass Piping, Bricks, Broom End, Brooms, Brushes,
Bucket, Cabinet, Cable, Phone, Canisters, Cans, Canvas, Canvas Gloves,
Canvas Tarp, Canyon Cleanout Waste, Cardboard, Carbon Boiling Chips,
Carbon Pieces, Carbon Rods, Carbon Steel Cable Trays, Carbon Steel
Pipes, Carbon Steel Shot, Carbon Steel Shot from Scabble Machine, Carbon
Steel Shot in Plastic Pail, Carbon Steel Valves, Carbon Steel Ventilation
Piping Filled With Pyrofoam, Cardboard, Carpet, Cart, Cast Iron, Cast Iron
Pipe, Catalyst Pack, Cathode Tubes, Cattails, Ceiling Grid, Ceiling Tile,
Cement, Cemented Sludge, Ceramic Blocks, Ceramic Drywall, Ceramic
Insulation, Ceramic Pipes, Ceramic Plates, Cernex, Chain Hoist, Chairs,
Charcoal, Chips, Chukar Droppings, Circuit Boxes, Clay, Clay Pipe, Clips,
Cloth, Cloth Rags, CLSR Chemical Labpack, Compacted 55 Gal. Drums,
Compacted Air-Cooled Chiller, Compacted Gallery Waste, Compacted
Tumbleweeds, Compaction Disks, Compactor Motor, Compressed Air
Bottle(De-Energized), Computer Mouse, Concrete, Concrete Blocks, Conduit
Pipe, Construction Debris, Containment Tent, Contaminated Equipment,
Contaminated Rad HEPA Filters, Contaminated Refrigerator, Contaminated
Ductwork, Contaminated Soil, Contaminated Tools, Contaminated Wood,
Conwed Pads, Cooling Tubing, Copper From An Annulus Fan Motor, Copper
Piping, Copper Rods, Copper Wiring, Cork, Corkboard, Cosmolubric
Hydraulic Oil, Cotton, Cotton Filter, Cotton Insulation, Cotton Liners, Crane
Cable, Crushed Spray Cans (Aluminum), Crushed Stainless Steel Canisters
from N-Basin, Crushed Vessel (Injection Tank), Crushed Vials, Crylic Latex,
Cured Epoxy, Cured Non-Hazardous Polyurethane Caulking, Custom
Container Containing Molecular Sieve, Cut End Fuel Rods, D&D Cyclotron
Waste, D&D from Janus Reactor, D-5 Pit Waste, Debris, Decon of Core
Sample Truck, Depleted Uranium Turnings and Grout, Depressurized Gas
Cylinders, Dewatered Sludge, Diatomaceous Earth, Diesel Motor, Diode
Detector, Disassembled 105A Exhauster, Discarded Tools, Disk Drive, Dog
Pen D&D, Doors, Drain Pipe, Drain Traps, Drum Rings, Dry Combustibles,
Dry Silicone, Dry Sweep, Dry Transformers, Dry Vegetation, Drywall, Duct
Tape,

Ducting, Dust Pans, Duststop Filters, Electric Cord, Electric Hacksaw,
Electric Motors, Electric Submersible Pumps, Electrical Box, Electrical
Guide Wire Spool, Electrical Switches, Electroplated Steel, Electropolisher
Unit from 324 A-Cell, Empty Punctured Aerosol Cans, Empty Sand Bags
from Sand Blast Operation, Empty Shipping Cask, Euroclean HEPA Vacs,
Alpha Detectors, Extension Cord, Face Shields, Fan Housing, Feces, Felt,
Fiberglass Carts, Fiberglass Insulation, Filler Rock, Filter Media, Fire Hose,
Fission Chambers, Flanges, Flex Hose, Floor Tile with Asbestos, Flyash,
Foam, Fuel Baskets Wrapped in Plastic, Fuel Rod Spacer, Funnel Covers,
Furnace Brick, Furnace Filter, Furnace Slag, GAC Drums, Gas Analyzer,
Gate Valve, Generators, Glass Bottles, Glass Insulation, Glass Test Tubes,
Glass Wool, Gloves, Gorilla Pipe, Green Metal Fuel Monitor from 1OON
Basin, Green Tape, Grifflon Fire Retardant Plastic, H-3 Contaminated Water
And Resin, Hand Tools, Hazardous Ion Exchange Resins, Headache Ball,
Heater, Hemp Rope, HEPA Box, HEPA Filter, Herculite, Hittman Liner,
Hoist, Hood Gloves with Plastic Ring and Rubber O-Ring, Hoses, HVAC
Filters, Hydraulic Cylinder, Hydraulic Lift Table, Hydraulic Oil, Ion Exchange
Column, Ion Exchange Resin, Irreparable Garments, Jascpo Pump, Kitty
Litter, Ladder, Latex Gloves, Laundry, Laundry By Product, Lava Rock,
Leachate from Collection Tank At 218W5, Leather, Lids, Life Preserver,
Lint, Magnet, Mask Canisters, Mask Cartridge, Mask Cartridge Filters,
Mass Spectrometer, Metal Bars, Metal Boxes, Metal Clam Bucket from
KEH Hot Yard, Metal Equipment Known as "Blue Goose" from 325, Metal
Garbage Can, Metal Lathe, Metal Mounting Bracket, Metal Nuts, Metal
Pump from Empty Purgewater Truck, Metal Sprayer, Mops, Motors, Mouse
Feces, Mylar Paper, Nails, Neutron Activated Construction Debris, Nickel
Chromium Wire, Noncontainerized Tumbleweeds, Non-Friable Asbestos,
Nonregulated Oil, Nuts, Nylon Ropes, Oscilloscope Camera, Paint Cans,
Palmolive, Paper, Paper Cups, Paper Towels, Petrie Dishes, Piece of Rail
Car Platform Shipped as Self-Contained Item, Pigeon Nests, Pigmats,
Plasma Exhaust Treatment Waste, Plastic Brushes, Plastic Hard Hat,
Plastic Port Ring, Porcelain Sinks, Portable Heater, Portable Light, PPE,
PR Rubber Gloves, Propane Tank, Pucks With 90-Mil Liners, Pumice Rock,
Pump, Pump Motors, Pump Valve, Purex Inlet Filters, Purex Supply Filters
Waste, Purex Tower T-C3-1, Purex Tower T-G2, Purex Tower T-J4, Purex
Tower T-L2, PVC Insulation, PVC Piping, Pyrofoam, Rabbit Droppings,
Rad Crushed Glass, Rad Sings, Rad Sorb Pads, Radiation Barrier Rope,
Radiation Monitors, Radiators, Radiologically Contaminated Equipment That
Has No Further Use, Radios, Rags, Railroad Ties, Rain Gear, RCRA Empty
Crushed Aerosol Cans and Debris, Rear Truck Assemblies from LLW Rail
Flat Car, Rebar, Resin De-Watering Operation Waste, Respirator Cartridges,
Respirator Filters, Returned Laundry, Roll of Foam, Rope (Hemp), Rope
(Nylon), RR Wheels, Rubber, Rubber "0" Ring, Safety Helmets, Safeway
Ladder, Sagebrush, Saw Blade, Sawdust, Scaffolding, Scrap Light Fixtures
from Duct Level, Screws, Sea-Land Container, Shear Blocks, Sheet Metal,
Shield Plugs, Shoring Materials, Silica Gel From Glove Box Ambient
Air Exhaust Scrubber, Silica Gel From Vacuum Pump, Slurries, Smoke
Detectors, Snow Roof from U-Cell Cover Blocks, Soft Trash, Solidified
Animal Feces and Urine, Sound Proof Doors, Steel Balls, Steel Bellows
Transformer, Steel Cable, Steel Elevator Shaft, Submersible Pump, Sump
Pumps, Supertiger Waste, Surgeons Gloves, Swamp Cooler, Synthetic
Polymeric Material, Tape, Tar Paper, Temp Gage, Teri Wipes, Texwipe
Cloths, Thermocouples, Tools, Transformers, Transite Panel with Asbestos,
Trash, Tumbleweeds, Tygon Hose, Unistrut, Vacuum Parts, Vacuum
Vessel, Vacuums, Verification Tape, Vermiculite, Vinyl Flooring Containing
Asbestos, Waste Byproduct of Iron Co-Precipitation, Waste from Animal
Research, Water Fountain, Water Sampler, Water Tower 3902-A Demolition,
Welding Hoses, Welding Machines, Welding Slag Is of Steel, Wood, Wood
Blocks, Wood Carts, Zone 3 HEPA Filters, Zonolite Absorbent.
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Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and
Rationale

Source Excellent quality records, and No records needs; however, Conduct baseline geophysics
EMFLUX suggests presence of need for baseline geophysics. to confirm trench boundaries
some mobile constituents. Confirm contents. and locate metallic anomalies.

Focused and random test pits

Release Mechanism No evidence of downward Need to identify soil gas release Review existing EMFLUX data.
driving force, upward flow of soil areas. Need to identify potential Direct Push for leak detection.
gas is likely the only release of downward flow

Transport Media Soil gas Need soil gas concentration Direct Push for soil/fluid
data (active samples) for risk samples. Obtain active soil gas
assessment. Need data about samples in area of passive soil
fluid flow. gas hits.

Exposure Point Surface or near-surface (e.g., Need to evaluate burrow/ Review/inspect site surface for
burrows) - soil gas bioturbation activity at the ecological receptor activity

surface

Exposure Route Inhalation/dermal - soil gas Need to refine exposure model To be evaluated during risk
assessment. Engineering and
ICs to restrict access and
exposure

Receptor Ecological and human Need to develop receptor To be evaluated during risk
receptors. inventory, assessment

Unplanned Releases Collocated with or Near 218-W-5 Landfill

None.
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218W1
Landfill

A 1965 aerial photo shows an open trench and items stored
aboveground in 218-W-11.

Curie Content: Low

Green Islands: No

Hydraulic Driving Force: No

Record Quality: Poor

Subsidence: No

Soil gas detection: No

Landfill Summary

WIDS Code & Aliases 218-W-11, Regulated Storage Site

Landfill Type

OU & Category

Industrial

200-SW-2, Past Practice

Dates of Waste Receipt 1960-1960

Location

General Description

Source Facilities
Contributing More Than
5% of Waste by Volume

References

Northwest of the 234-5Z Building and north of 218-W-1

Before stabilization in 1983, a portion of the burial ground was used
for above-ground storage of contaminated equipment. The waste is
low-level contaminated equipment. A surface radiological survey is
performed annually.

Tank Farms - Uranium Recovery Process and Sr/Cs Recovery
Operations

WIDS; BHI-00175; SWITS

Physical
Characteristics

Waste Volume (in
3
)

Used Area (hectares)

Plutonium Mass (kg)

Uranium Mass (kg)

Curies (Ci)

Quantity Rank

1,200

0.87

0

0

0.002

22

20

22

21

24

WASTE INFORMATION

Number
Available

Record
Rank Quality

3 21 Poor

LANDFILL/TRENCH FEATURES

Approx. Average
Trench Depth (m)

Number of Trenches

Subsidence?

Episodic Water?

5 This burial ground originally was used as an aboveground
storage site for low-level contaminated equipment storage.
Some literature sources and site drawings indicate
two trenches while others indicate there is one trench.
Geophysical data collected in 2005-2006 suggest one
trench and a pit.

2

N RSW?

N Caissons?

N Green Islands?

N Disposal Pond?

N

N
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Site Map

Characterization Data

LANDFILL CONTENTS

W15-2

TOl

218-W-11

T02

0 Monitoring Well

0, Decommissioned Well

Well pmefix'299-'omitted

Radioactive Solid Waste

Unused Waste Area

Aerial Imagery fromAprl 2012.

0 10 20 1\C

0 25 50 75 ft
CHSGW20t4O2iO PRC-SaatiaftPrnfetnSGRP\GlIftrninos\MOOICPW20SW2ICHS900 14U7

Landfill Inventory

Items Known to be Disposed

No landfill inventory records available for this landfill. (SWITS)
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Previous Investigations*

*Location details for the following investigations are mapped on the 218-W-11 Landfill plate provided on the CD associated with Appendix D.

Soil Gas Sampling

m Passive soil vapor sampling

- Stage 3-2009: This landfill was sampled at four locations. There were no significant detections of any constituent (three locations with low
detections of tetrachloroethene, with the highest at 20 ng).

2009 DISTRIBUTION OF SAMPLE RESULTS

Number of Samples (ng/sample)

Compound

Tetrachloroethene

10-100 100-500 500- 1,000 1,000 - 5,000 >5,000

3

Maximum
Result (ng/

sample)

20

Surface Radiation Surveys

m 218-W-11, 218-W-1, and 218-W-2 Landfills: Based on the 2010 survey, less than ten areas were identified having counts per second (cps) greater
than 1500. They were evenly distributed amongst the three landfills. There is a large cluster of hits between 1001 and 1250 cps in the former
location of UPR 200-W-16, which is in the southern end of 218-W-1.

Geophysics Summary

m The 2005 and 2006 geophysical surveys indicated the 218-W-11 Landfill most likely contains only one trench and one pit (contrary to the most
recent Hanford Site Drawing H-2-94250). The pit is not depicted on any available drawings. The trench location correlates very well with the
trench location identified in Hanford Site Drawing H-2-31268, Solid Waste Burial Grounds Plot Plan, which pre-dates H-2-94250.

m Techniques used: EMI, GPR, TMF

Information from photos and logbooks contradicting literature.

1965 and 1969 aerial photos show an open trench and items stored aboveground in 218-W-11. WIDS and SWITS indicated the burial ground stopped
accepting waste in 1960. Some site drawings show one trench in this landfill while others show two. Some literature sources indicate that waste was
removed from one of the trenches after burial.

Cross Section

218-W-11 Landfill

0i

15

E

0

0

*0-4

.0

45

0

50

100

_- C

02

rI s

60 200

GD)

S 7 250

GROUNDWATER Notto scale

FG070727.5

*Water table depth was calculated from data in RHO-CD-673,
Handbook 200 Areas Waste Sites.
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Data Evaluation & Data Gap Summary

Risk Pathway Current Information Assessment Data Gap/Needs Characterization Plan and
Rationale

Source Poor records; however, no Need additional records and Review/reprocess existing
indication of mobile constituents information, if possible. Confirm geophysics landfill records.
from EMFLUX contents Focused and random test pits.

Release Mechanism Likeliest release mechanism is Need to understand potential for Visual inspection/monitoring
erosion/ subsidence leading to direct exposure. Need to identify of surface for erosion and
direct exposure. No past history of potential of downward flow subsidence. Direct Push for leak
driving force or constituent mobility detection.
for downward or upward flow.

Transport Media Industrial waste with no evidence Need data about fluid flow Direct push for soil/fluid samples.
of soil gas. No transport likely

Exposure Point Direct exposure to contents No data gaps or needs No plans to investigate the
exposure point

Exposure Route Dermal/ingestion - direct exposure Need to refine exposure model To be evaluated during risk
assessment. Engineering and ICs
to restrict access and exposure

Receptor Ecological and human receptors. Need to develop receptor To be evaluated during risk
inventory. assessment.

Photographic History

A 1969 aerial photo shows what appear to be open trenches in 218-W-11

A 1969 aerial photo shows what appear to be
open trenches in 218-W-11.

Unplanned Releases Collocated with or Near

218-W-11 Landfill

None.

1-2m
GROUND SURFACE cil12

-Depth of vaclose zone contamination is unknown.

-See Landfilnirench Features table on page 1 for
specific information on trench depth.

SD

LEGEND - Stratigraphy

GD Hanford formation (gravel
dominated sequence}

SD Hanford formation (sand
dominated sequence)

V Watertabi e67 m (219 ft)

Vadose Zone

The vadose zone is the focus of ongoing investigation. Results of
sampling proposed in the SAP (Appendix A) will be presented in the RI.

Groundwater

Historically, liquid process waste that was not sent to the Tank Farms,
was discharged to the soil column via ponds, cribs, ditches, and
trenches. Due to these readily available means of liquid disposal,
coupled with a lack of burial records indicating disposal of large
quantities of containerized liquid waste in the 200-SW-2 OU Landfills,
a significant downward driving force for contaminants from the landfills
is not anticipated to be present. However, the focus of characterization
activities proposed in the SAP (Appendix A) are intended to investigate
the vadose zone beneath landfill trenches to determine if contaminants
have moved from the trenches toward groundwater. At this time, there
is no evidence that the 200-SW-2 OU Landfills are contributing to
contamination of groundwater.
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Appendix E

[Reserved]

E-i

1

2
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Appendix F

Supporting Data Reports

(Reports are provided on CD only)

F-i

1

2

3
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1.0 INTRODUCTION

This document summarizes the results of geophysical investigations conducted at eight burial
grounds located within the 200 East and 200 West Areas of the Hanford Site. The geophysical
investigations were performed by CH2M HILL, Inc., for Fluor Hanford, Inc., during August and
September 2005. The geophysical techniques used in the investigations were ground-penetrating
radar (GPR), electromagnetic induction (EMI), and total magnetic field methods.

1.1 SCOPE AND OBJECTIVES

The following specific burial grounds were investigated:

. 218-W-1A

. 218-W-2A
* 218-W-II
. 218-C-9
. 218-E-2A
. 218-E-5
. 218-E-5A
* 218-E-8.

The geophysical surveys were reconnaissance-type surveys that were aimed at defining the
following characteristics:

. Locations of burial ground trench edges, ends, and centerlines

. Locations of buried waste or other significant features/anomalies

. Presence and extent of voids within a given trench
* Definition of most-likely waste container type (for example, wood, metal boxes, metal

drums, cardboard, and/or waste item)
. Differentiation between different types of waste containers within a given trench
* Depth of soil cover above waste items
* Depth to trench bottom (where possible).

1.2 BACKGROUND

Fluor Hanford provided CH2M HILL with a series of Hanford Site drawings from which to
obtain a conceptual model of each site and to develop an approach to data collection and
interpretation. The drawings showed the locations of burial grounds in relation to other site
features and also the best currently available information as to burial trench locations within each

burial ground. Specific drawings used for these investigations were H-2-2516, Industrial Burial
Ground 218-W-JA; H-2-33276, Dry Waste Burial Ground 218-E-12B; H-2-55534, 218-E2, E2A,
E4, ES. ESA, & E9 Industrial Burial Ground Plan & Details; H-2-94250, Dry Waste Burial

Ground 218-W-11; and H-2-32095, 218-W-2A Industrial Burial Ground & 218-W-3 Dry Waste
Burial Ground.

1-1
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1.3 GEOLOGIC SETTING

The depth of investigation for the geophysical instruments used in this work was limited to
approximately 3 to 4 m. Therefore, only the shallowest aspects of the Hanford Site geology are
pertinent to this investigation. Those aspects are the Hanford formation and the surficial
sediments.

The Hanford formation is the shallowest formation recognized at the Hanford Site and consists
of deposits of poorly sorted gravels and coarse sands indicative of a high-energy depositional
environment. The surficial sediments overlying the Hanford formation are primarily eolian loess
interspersed with lenses of sand and mixed gravels.

A comprehensive summary of the geology of the Hanford Site is presented in
WHC-SD-EN-EE-004, Revised Stratigraphy for the Ringold Formation, Hanford Site,
South-Central Washington.

1-2
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2.0 METHODOLOGY

2.1 SURVEY GRID PARAMETERS

CH2M HILL used civil survey coordinates shown on the site drawings provided by Fluor
Hanford to develop base grids at each site. Base grids were created on 30 m centers throughout
the individual sites. The coordinates of the 30 m nodes were supplied to Fluor Hanford civil
survey personnel, who used global-positioning-system (GPS) instrumentation to stake the grids
in the field. CH2M HILL personnel then marked data collection lines at 6 m intervals between
the 30 m nodes using florescent pin flags.

EMI data were collected at 1.5 m increments along lines spaced 3 m apart. Magnetic data were
collected at 0.5-second intervals (nominally 0.5 m spacing) along lines spaced 3 m apart.
Operators used the florescent pin flags to "dead-reckon" data collection along and in between the
marked lines. Data positioning along the lines was accomplished by careful pacing with the EMI
instrument and by marking 30 m fiducials in the magnetic instrument. Locations of individual
magnetic data then were interpolated between the fiducial marks by the timing information
recorded with the data.

GPR line spacing varied at each burial ground. Data positioning was accomplished by marking
fiducial locations at the 30 mn marks.

The geophysical data plots are presented in local grid coordinates. The local grids generally
were established by assigning to the southwestern-most grid node the arbitrary location of
North 100, East 100 (N100/E100). Positions then were measured from this local origin positive
north and positive east. In some instances, the grids were expanded after establishment, and
therefore have coordinates less than N100/E100. The interpretation drawings for each site show
Washington State Plane coordinates (in meters) for selected grid nodes, allowing a tie between
them and the local grid coordinates.

2.2 GEOPHYSICAL METHODS

The geophysical techniques used in the investigations were the GPR, EMI, and total magnetic
field (magnetic) methods. These methods were selected because they are cost effective,
nonintrusive, and have been successful in similar waste characterization projects conducted at
the Hanford Site.

2-1
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2.2.1 Frequency-Domain Electromagnetic Induction

The Geonics EM31 Terrain Conductivity Meter' is a frequency domain EMI instrument that is
designed to measure the apparent electrical conductivity of soil and to detect ferrous and
nonferrous metal objects to a depth of approximately 3 to 4 m (in ideal situations). The EM31
consists of a transmitter coil and receiver coil at either end of a 4 m-long boom. The transmitter
generates pulses of electromagnetic energy (the primary field) at regular intervals that are
transmitted into the ground, where they induce eddy currents in electrically conductive material
(soil and/or metal objects). The induced eddy currents generate their own electromagnetic field
(the secondary field) that transmits back towards the instrument. The receiver coil on the EM31
measures and records the strength of the secondary field both in-phase and out-of-phase with the
primary field transmitter. The in-phase component of the measurement is most strongly
influenced by the presence of metallic objects in the subsurface, while the out-of-phase
component (quadrature component) is directly related to the electrical conductivity of the
surrounding soil.

The in-phase component reading is given in parts per thousands (ppt) of the amplitude of the
secondary signal to the primary signal. The out-of-phase component reading is given in units of
electrical conductivity (milliSiemens per meter [mS/m]), which is the apparent conductivity of
the soil in the vicinity of the instrument, assuming homogeneous conditions. This assumption
becomes less valid in the presence of metal or other significant conductivity changes. However,
generally it is the contrasts in conductivities that are used for interpretation, not the absolute
values, so the validity of the assumption usually is irrelevant.

The EM31 is an ideal instrument for waste site characterization because of the relative speed and
ease with which it can cover an area. The normal mode of operation is to mark out regularly
spaced data collection lines and then walk down the lines with the instrument held at hip height,
collecting data at regularly spaced intervals. Both the in-phase and out-of-phase (terrain
conductivity) measurements are collected and plotted for analysis. The instrument is most useful
for locating large concentrations of buried metallic objects and for detecting subtle shifts in
background soil properties. While the EM31 is capable of detecting drum-size metallic objects
to a depth of 3 to 4 m in ideal situations, the lateral resolution of the position of detected objects
is on the order of +/- 1 m.

Conditions that limit the detection capability of the EM31 include high background soil
conductivities and proximity to cultural interference such as buildings and fences. High soil
conductivities have the effect of limiting the depth of investigation of the instrument, because
they significantly attenuate the propagation of the primary and secondary fields. (This is the
same phenomenon that limits GPR depth of investigation in areas of high soil conductivity.)
Large, metallic surface cultural features can effectively swamp the signal of the EM31 out to a
distance of approximately 5 to 7 m. Sites with a significant number of buried utilities also may
generate data that are difficult to interpret.

'Geonics EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.

-2-2
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2.2.1.1 EM31 Data Collection Procedures

Data collection procedures are discussed in detail in EM31 Terrain Conductivity Operating
Manual (Geonics, 1994). EM31 has the following specific key data collection and processing
attributes:

. Perform functional checks as outlined in the manufacturer-supplied operator's manual

* Collect data along profiles that are spaced a predetermined distance apart (data points are
located at evenly spaced distances along the individual profiles)

* Estimate visually or pace the location of data points collected between surveyed grid
points.

2.2.1.2 EM31 Data Processing Procedures

The EM31 has the following specific data processing parameters:

* Edit data for mislabeled lines, view in raw form along each profile, and convert to
XYZ.dat files

* Contour the data with the grid nodes at the actual data points (with close-spaced data)
using Golden Software's Surfer2 or equivalent.

2.2.2 Total Magnetic Field / Vertical Gradient

A magnetometer measures the intensity of the earth's magnetic field. The presence of ferrous
material, man-made or natural, creates local variations in the strength of the earth's overall
magnetic field. These variations are proportional to several factors, including the mass of the
ferrous material and the distance between the ferrous material and the detector. The distance is
significant, because it changes the response by a factor of one over the distance cubed. The
primary measurement that will be taken is the total magnetic field (TMF) intensity. The TMF, as
the name implies, is a summation of all of the magnetic variables around the sensor. When the
ferromagnetic sources are close to the detector, large variations in the TMF can occur.
Therefore, it often is difficult to differentiate individual anomalies based on the TMF alone.

To improve the resolution of a magnetic survey, the magnetic gradient also can be measured.
This is accomplished by making two simultaneous TMF measurements at each data point, using
two sensors separated by a fixed vertical distance. The difference between the two
measurements is the vertical magnetic gradient (referred to in this document as the magnetic
gradient). The response to ferrous material falls off at a rate of one over the distance to the
fourth power. Because of this, the magnetic gradient measurement should help differentiate
individual anomalies and waste boundaries better than the TMF alone. Both the TMF and
gradient values typically are displayed on contour maps for analysis.

2 Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

2-3
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A Geometrics3 G-8580 gradiometer consists of two cesium vapor magnetometers.
The magnetometers are mounted vertically on a pole with a 0.75 m separation.
This configuration is used to collect vertical gradient data. Each magnetometer independently
records the total field magnetic intensity. The gradient measurement is the difference in the total
field measurements between the two sensors. In essence, a single recording location consists of
three values: a total field measurement from the upper sensor, a total field measurement from
the lower sensor, and the gradient value.

Three types of errors occasionally occur during data collection with the G-858G gradiometer.
The first type of error is a consequence of the cesium sensors being insensitive to magnetic fields
in certain orientations, creating "dead zones." To reduce this error, each sensor was oriented to a
position that would minimize dead-zone readings. The second type of erroneous reading occurs
when a recording is taken too close to a magnetically sensitive ferrous feature. This can result in
a "null" reading. The bottom sensor typically is more sensitive to null readings, because it is
usually the closest to magnetically sensitive ferrous objects. The third type of error is caused by
poor connections between the sensors and the control unit.

Geometrics equipment provides some safeguards against these errors. One is an audio warning
and one is a visual warning. The audio warning often is ineffective in noisy areas. Monitoring
the data visually also has its limitations because of sun glare on the control unit screen.
When erroneous readings are identified in the field, those data points typically are edited
and re-collected. If they are not noticed in the field, they can be noted during the data-reduction
phase and can be edited at that time. If a null reading is recorded on either sensor, the gradient
data are erroneous and also must be edited. The editing during data reduction typically has
minimal effect on the results because of the close spacing of the individual data points.

2.2.2.1 Magnetic Data Collection Procedures

Data collection procedures are discussed in detail in G-858 MagMapper 25309-OM, Rev. D,
Operations Manual (Geometrics, 2001). The G-858 MagMapper' has the following specific key
data collection attributes.

* The cesium vapor magnetic sensors need to warm up before data collection begins at
each site. The warming up of the sensors is monitored on the control unit.

" Functional checks should be performed as outlined in the manufacturer-supplied
operator's manual.

" Data typically are collected along profiles spaced a specified distance apart. The data are
collected along the individual profiles at evenly spaced distances, either discretely or at
constant time intervals, while walking at a constant rate.

3Geometrics, G-858 MagMapper, and MagMap2000 are trademarks of Geometrics, Inc., San Jose, California.

2-4
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2.2.2.2 Magnetic Data Processing Procedures

Specific data processing procedures are as follows.

" The magnetic field data are downloaded to a laptop computer via Geometrics software,
MagMap2000 3.

" Edit data with all null readings (sensor failures) removed from the data.

. Convert data files to XYZ.dat format, which is compatible to Golden Software's Surfer

or equivalent.

" Contour data using "standard" contour packages such as Surfer or Geosofte software.
Contour maps are the foundation for interpretation.

2.2.3 Ground-Penetrating Radar

Ground-penetrating radar uses a transducer to transmit frequency modulation (FM) frequency
electromagnetic energy into the ground. Interfaces in the ground, defined by contrasts in
dielectric constants, magnetic susceptibility, and, to some extent, electrical conductivity, reflect
the transmitted energy. The GPR system then measures the travel time between transmitted
pulses and the arrival of reflected energy. Buried objects (such as pipes, barrels, foundations,
wires) can cause all or a portion of the transmitted energy to be reflected back toward a receiving
antenna. Geologic features such as cross-bedding, lateral and vertical changes in soil properties,
and rock interfaces also can cause reflections of a portion of the electromagnetic (EM) energy.

The velocity of the EM energy primarily is controlled by the dielectric constant and magnetic
susceptibility of the medium. For calculating depth, values of EM velocities are determined by
measurement, experience in an area, ties to known buried reflectors, and knowledge of the
subsurface medium.

The effective depth of investigation is a function of the transmitted power, receiver sensitivity,
frequency of the antenna, and attenuation of the transmitted energy from the geologic medium.
The maximum depth of investigation may vary significantly as a result of changing soil
conditions. High attenuation and, therefore, smaller penetration depths of the EM energy
typically occur where the soil conductivity is greater than 10 mS/m and/or in areas with
numerous reflective interfaces. Depth of investigation also is affected by highly conductive
material, such as metal drums or pipes, that essentially reflect all the energy. The method cannot
"see" directly below areas of highly reflective material, because all of the energy is reflected.

The reflected energy provides the means for mapping the subsurface features of interest, whether
synthetic or geologic. Display and interpretation of GPR data are similar to that of seismic
reflection data (i.e., data displayed as horizontal distance versus time depicting pseudo

4 Geosoft is a trademark of Geosoft, Inc., West Toronto, Ontario, Canada.

2-5
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cross-sections of the earth). When numerous adjacent profiles are collected, often in two
orthogonal directions, a plan-view map showing the location and depth of the detected features
can be generated.

2.2.3.1 Ground-Penetrating Radar Data Collection Procedures

Generic data collection procedures are discussed in detail in SIR-10A User's Manual,
(Geophysical Survey Systems, Inc, 1993). The subsurface interface radar, or SIR-W5 , has the
following specific key data-collection and processing attributes.

" Select the antenna best suited to meet the survey objectives.

. Set the filters, gains, and other data collection parameters best suited for the local soil
conditions.

" Pull the antenna along a series of parallel profiles within the established survey grid, then
collect data along profiles in the orthogonal direction, specifically when mapping
unknown linear features in various orientations.

" Record data on the system hard drive.

" Conduct post-processing of data if warranted, and print records for interpretation.

. Interpret data using all available historical records, drawings, maps of surface features,
and other geophysical data sets.

For these investigations, GPR data were collected by mounting the control instrumentation inside
an all-terrain vehicle and pulling the antenna in a sled behind the vehicle.

2.23.2 Ground-Penetrating Radar data Processing Procedures

Processing of the GPR data consisted of applying various horizontal filters as necessary before
printing the data records for interpretation. The horizontal filters, when used, had the effect of
removing coherent noise and/or background information so that anomalies were more visible in
the records. When filters were used on records, unfiltered data also were plotted to give multiple
images of the data for interpretation.

2.3 APPROACH TO DATA COLLECTION

The general approach to data collection at the burial grounds was, first, to collect and perform
preliminary analysis of the EMI and magnetic data. Then information from the initial analysis
was used to focus the more time-intensive GPR data collection into the most appropriate areas.
Because each burial ground presented a unique combination of site dimensions, surface
conditions, and expectations of trench numbers and orientations, the pattern of data collection

5SIR-10 is a trademark of Geophysical Survey Systems, Inc., North Salem, New Hampshire.
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and analysis varied somewhat between them. Details of the data collection pattern are given in

the site investigation summaries in Appendix A.

Based primarily on the preliminary analysis of the EMI and magnetic data, GPR data collection

schemes were created for each site. In some cases, such as where contamination areas surround
the 218-E-8 Burial Ground on three sides, local conditions dictated how and where the GPR data
collection lines were laid out. Multiple, relatively closely spaced GPR profiles generally were

collected down the axis of expected or interpreted trenches at each site. These data aided in the

general characterization of buried debris. Wider spaced profiles were used elsewhere at the sites
for reconnaissance. Details of the GPR data collection are given for each site in the investigation

summaries in Appendix A.
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3.0 RESULTS

Summary-level interpretations of the geophysical data are presented in Figures I through 7.
These interpretation maps represent an integration of all of the geophysical data. Note that on
the interpretation drawings, depths are presented in decimeters; 1 dm equals 1/10 m. Decimeters
are used on drawings to avoid using decimal points, which often are lost when drawings are
copied and transmitted.

Appendix A presents plots of the EMI and magnetic data collected, along with details of the
investigation at each site. The large volume of GPR paper records makes presentation of these
data impractical; they will be retained in the 200-SW-2 Operable Unit Project File for reference.

Appendix B presents overlays of the geophysical interpretation maps with the provided
engineering drawings. The engineering drawings generally were enlarged for these displays.
Enlargement can distort feature size and locations (for example, line widths can become the
equivalent of many feet on the ground). While the scale and alignment are considered generally
good, they have not been fully checked and verified for absolute accuracy. Therefore, these
overlays should be used for information only. Additional discussion is presented in Section 4.2.

3.1 GEOPHYSICAL DATA INTERPRETATION

Interpreting geophysical data requires some art as well as science. Each site investigated
includes a unique combination of soil conditions, types of buried debris, and surrounding cultural
interferences. Therefore, data presentation and interpretation approaches may vary slightly from
site to site. For example, the type of data (EM, magnetic, or GPR) that is most useful at one site
may not be as important at another site because of soil/geologic conditions, depths of burial,
types of burial material, and background "noise." The amplitude scale or other plot parameters
for single data types may be varied between sites to highlight information. Experience of the
interpreter is important, because they look at all of the available data and determine which scale
and data-presentation style is most appropriate to maximize the data use.

An attempt was made to standardize the presentations from site to site, but (in some cases) some
exceptions were necessary. For example, GPR is the method used to detect the trench
excavation boundaries, but at some sites they could not be determined. To interpret excavation
boundaries with GPR, a detectable physical contrast must be present, such as a disruption of
geologic/soil conditions or a physical contrast between the native material and the backfill
material. Some sites had good shallow geologic structure or stratigraphy that differed from the
more homogeneous backfill material. At other sites, the contrast was not present or not
recognizable in the data. Consequently, excavation boundaries were not plotted for every site.
Some of the excavation boundaries were reliably observed in GPR profiles, but the profiles were
widely spaced. Therefore, trench boundaries plotted between the GPR-located excavation
boundaries are less reliable and typically are inferred from the EMI/magnetic data.

The interpretation of EMI data typically involves analyzing the horizontal rate of change and the
absolute amplitude of changes in the two components recorded. The locations of the anomalies
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are used to infer the location of buried objects or debris. Comparing the presence of in-phase
versus terrain conductivity (quadrature-phase) anomalies gives additional information. The
in-phase component is significantly more sensitive to large, discrete metallic objects than the
quadrature phase. The quadrature phase, in general, is more sensitive to long, extended targets
such as pipelines and to the overall terrain conductivity.

Magnetic field data are interpreted by identifying spatial contrasts (anomalies) in readings that
are indicative of buried ferrous metal objects. The locations of the anomalies are used to infer
the location of buried objects or debris. As discussed in Section 2.2.2, the magnetic data of most
use are the vertical gradient readings of the total magnetic field. For simplicity of data plotting,
the absolute value of the vertical field often is used to minimize the dipole effect produced by
some anomalies. In some instances, the remnant magnetic field also provides value in
interpreting the location and character of buried objects. The remnant field is determined by
subtracting an arbitrary number (typically the overall average value of the total magnetic field)
from all of the values of the total magnetic field data. The result yields a much smaller value to
plot; that is, changing the data values from numbers in the range of 50,000 to numbers in the
range of 1,000. This can simplify the contour maps in many cases and enhance the visual
appearance of some anomalies.

The GPR data are interpreted by locating anomalies on the paper records of the data and then
determining their depth and spatial location. The location and depth of the anomalies then are
hand plotted onto a map of the site by the interpreter. A representative number of these
anomalies are then digitized in computer-aided drafting and design (CADD) software to be
plotted on the interpretation map. Because of the large number of anomalies normally interpreted
in GPR data, the discretion of the interpreter is used to decide which anomalies get transferred to
the CADD drawing to indicate the important information about the site. On Figures 1 through 7,
the majority of the anomaly locations and depths are taken directly from the GPR data.

3.2 GENERAL DISCUSSION OF RESULTS

The geophysical surveys were reconnaissance-type surveys that were aimed at defining the
characteristics listed in Section 1.1. Following is a discussion of the specific objectives of the
geophysical investigations and how they were addressed. *

" Locations of burial ground trench edges, ends, and centerlines. The geophysical
methods employed for this investigation were successful at detecting and mapping the
general location of buried waste within the target burial grounds. Where objects and
debris were in concentrated packages, the edges, ends, and centerlines of trenches could
be determined. Additionally, at several of the sites, GPR results were able to map the
excavation boundaries for the pits/trenches.

" Locations of buried waste or other significant features/anomalies. At some locations,
buried waste was not in concentrations that indicated discrete trenches or pits. However,
in most instances, the location of this waste still could be determined. The high soil
electrical conductivities at the 218-C-9 Burial Ground prevented confident identification
or delineation of buried waste.
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" Presence and extent of voids within a given trench. The data were not sufficient to
differentiate voids from other types of anomalies. It is possible that voids are present;
however, the reconnaissance nature of the GPR data collection did not supply enough
data for their identification. Areas with concentrations of anomalies have the highest
likelihood of voids.

. Definition of most likely waste container type (for example, wood, metal boxes,
metal drums, cardboard) and/or waste item. Comparison of anomalies detected by
different geophysical methods at the same location gives the best information of the type
of material in the waste. The variable density of the GPR data (reconnaissance level) was
not adequate to reliably make this level of interpretation in most cases. The primary
distinctions used for interpretation are metallic, ferrous metal, and nonmetallic. The
geophysical data do not directly allow for distinguishing the container type, only the
metallic and ferrous metallic content. Thus, a cardboard box containing 10 lb of metal
will produce an anomaly similar to a 10-lb metal drum filled with cardboard. Most of the
anomalies interpreted in this investigation were associated with waste that had a high
metallic, particularly ferrous metal, content. Some significant concentrations of soft (that
is, nonmetallic) waste is interpreted at the 218-W-2A, 218-E-5, and 218-E-5A Burial
Grounds. Cardboard or wood boxes buried adjacent to metallic objects typically could
not be differentiated in the data.

" Differentiation between different types or waste containers within a given trench.
As discussed above, metal content is the most strongly detected characteristic of waste.
Most other characteristics of waste are not discernible if the metal content is too high,
other than the possible indication of relatively large flat surfaces on the top of the waste
containers, as determined by GPR.

" Depth of soil cover above waste Items. On those sites where GPR was effective at
detecting buried waste, the depth of the soil cover could be determined. Soil properties
were such at some sites that few-to-none of the buried waste objects inferred in the EMI
and magnetic data were detected with GPR. In those cases, the depth of soil cover could
not be determined reliably.

" Depth to trench bottom (where possible). GPR data are the only data collected here
that are capable of giving accurate depths in the subsurface. Trench bottoms were not
detected at any of the sites; therefore, direct knowledge of trench depths is unavailable.
In some data sets (none in this work), trench bottoms can be observed directly when they
are not beyond the capable depth limit of the methods and the trenches/pits only are filled
with soils or moderate amounts of soft waste that allow signal propagation. The data
cannot "see" past the tops of highly reflective debris. When excavation boundaries are
detected, as they were at many of these sites, they can be used to infer trench depth by
assuming a side-slope ratio and a trench bottom width. Experience has shown that this
method can be very inaccurate, because side slopes can range from near vertical to-
greater than 2:1, and the trench bottom widths may not follow plans. Given the
assumptions implicit in this method, it was not performed for this investigation.
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The geophysical interpretation figures (Figures 1 through 7) show the locations of buried waste
and give qualitative information about the material in the waste (primarily metallic content). At
most sites the depth of soil cover above some of the waste was determined, and representative
values for broad areas are shown on the figures.

Most sites have a significant number of isolated, shallow buried objects that were detected in the
data. Not all of these anomalies are shown on the interpretation drawings. Experience at other
sites on the Hanford Site shows that isolated, shallow anomalies usually are caused by small
amounts of metallic debris in the fill/stabilization material at the site. This debris may include
such items as railroad spikes or other track hardware, small metal flanges, pipe fittings, or other
pieces of inert material that do not necessarily represent hazardous material.

The geophysical investigations of the burial grounds were reconnaissance-level surveys. As
such, data collection and interpretation were performed to provide general information about
waste burials. However, the EMI and magnetic data collection were performed at a level
significantly more dense than a typical reconnaissance-level survey. Therefore, higher data
density for these two methods, particularly the EMI, would not add information about the burial
grounds. The GPR data were not collected at a data density that would maximize results. Where
GPR data were collected and the depths of buried objects/debris could be determined,
representative values are shown on the interpretation figures.

Recommendations are made in Chapter 4.0 regarding additional data collection and
interpretation at these burial grounds.

3.2.1 Accuracy / Reliability of the Results

EMI, magnetic, and GPR methods are proven geophysical methods for many engineering and
environmental objectives. Although the instruments are capable of recording accurate and
precise quantitative measurements, the final results of the investigation are based on the
subjective interpretation and understanding of the data. The ultimate test of accuracy is through
excavation or drilling.

Reliability of these geophysical surveys represents the degree of confidence that the
interpreter(s) has/have in the interpretation of the data. Many factors affect the reliability of the
interpretation, but they generally can be divided into two groups. One group is independent of
the geophysicist and includes factors such as soil conditions, topography, accuracy of existing
drawings, accessibility to the area, and geologic understanding of the area. The second group of
factors is more dependent on the geophysicist and project goals. These factors include the skill
of the interpreter, experience in the area, and the density of the data.

This work was performed in accordance with BHI-EE-01, Environmental Investigations
Procedures, Section 7.2, "Geophysical Survey Work."

Given the reconnaissance nature of the surveys, interpretations were performed with the intent of
determining the boundaries of all of the waste within a burial ground and providing
representative information about its content and depth. Not all detected anomalies are shown on
the interpretation figures. Locations of objects detected in the data (i.e., position in the
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horizontal plane) have a nominal accuracy of +/- 1.0 in. Where depth to the top of the waste is

presented, its accuracy is nominally +1- 0.3 m.

3.3 218-W-1A BURIAL GROUND

Interpretation of the geophysical data for this site indicates that it contains a significant amount
of buried material (see Figure 1). Although no distinct trench boundaries are evident in the
geophysical data, the pattern of anomalies in the EMI and magnetic data agree somewhat with
the locations and orientations of trenches/pits shown on Hanford Site drawing H-2-2516. No
geophysical evidence was detected for one trench (#5A) shown on this drawing. Additional
trenches/pits were detected that were not on the drawing. This site contains a large number of
small, scattered shallow anomalies that confound the interpretation of distinct burial trenches in
the GPR data. For this reason, concentrations of buried debris are inferred primarily from EMI
and magnetic data.

The 218-W-1A Burial Ground is unique in character in that no well-defined trenches were
interpreted in the data. Instead there is a variety of sizes, shapes, and characters of buried
features and concentrations of features. To facilitate discussion, the burial features are grouped
into three categories based on similar character of anomalies. These categories are discussed in
detail following the site investigation summary in Appendix A.

3.4 218-W-2A BURIAL GROUND

Interpretation of the geophysical data indicates that there are burial trenches (see Figure 2) at
most of the locations shown for trenches on Hanford Site drawing H-2-32095. There is no
geophysical evidence for buried waste at some of the trench locations shown on the drawing.

One burial trench was interpreted in the geophysical data at a location that was not indicated on

the drawing. Most of the debris or objects in the trenches have a ferrous metal content; some
have a significant ferrous content. A detailed discussion of the results from this burial ground is
presented following the site investigation summary in Appendix A.

3.5 218-W-11 BURIAL GROUND

Interpretation of the geophysical data indicates that the investigation area contains two

concentrations of buried debris or objects (see Figure 3). The objects or debris within these

trenches/pits contain ferrous metal. Much of the remainder of the investigation area contains

numerous small, isolated objects or debris buried less than 0.7 m deep. The locations of the
interpreted trenches/pits coincide reasonably well with the location of one of the two trenches

shown on Hanford Site drawing H-2-94250. There is no geophysical evidence of the other
trench shown in the drawing. A small amount of data was collected immediately north of the

investigation area that indicate that multiple burial trenches/pits are located in this area.
However, the buried debris within this area was not fully mapped or characterized.
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3.6 218-C-9 BURIAL GROUND

Confidence in the geophysical interpretation of the 218-C-9 Burial Ground is not high because of
high background terrain conductivity at this site. The high terrain conductivity significantly
reduced the depth of investigation of the EMI and GPR instruments. The high terrain
conductivity is likely related to the fly ash visible on the surface. Nonetheless, several
observations can be made from the data. The geophysical data indicate that this site does not
appear to contain large, continuous concentrations of buried objects or debris in well-defined
trenches or pits (see Figure 4). Several large metallic objects or concentrations of smaller
metallic debris are buried in several quasidiscrete locations across the site, primarily through the
center and southwestern portion of the site.

A few isolated magnetic anomalies are depicted on the interpretation map. They likely are
caused by relatively small and shallow pieces of ferrous debris.

The geophysical data are consistent with this area being a former topographic low area that was
backfilled over time with various types of debris in a non-uniform manner, then covered and
backfilled with large amounts of fly ash. The thickest accumulations of fly ash appear to be
along the southern portion of the site. No Hanford Site drawing was located for the 218-C-9
Burial Ground.

3.7 218-E-2A BURIAL GROUND

Interpretation of the geophysical data indicates that there is a single burial trench at this site with
a series of isolated objects and/or a number of groups of smaller objects with relatively clean fill
in between (see Figure 5). GPR data were not successful at detecting all of the buried
debris/objects whose presence is interpreted from the EMI and magnetic data. This is presumed
to be caused by localized surface soil conditions effectively attenuating the GPR signal and
limiting the depth of investigation at this site. Hanford Site drawing H-2-55534, 218-E2, E2A,
E4, E5, ESA, & E9 Industrial Burial Ground Plan & Details, shows the location of this burial
ground.

3.8 218-E-5 BURIAL GROUND

The 218-E-5 and 218-E-5A Burial Grounds are contiguous and were investigated as a single site.
A single figure provides the interpretation for both of these sites (see Figure 6).

The data indicate that there are two trenches in the 218-E-5 Burial Ground and one in the
218-E-5A Burial Ground, which is consistent with Hanford Site drawing H-2-55534. Following
is a discussion of each of these trenches.

3.8.1 218-E-5 Burial Ground

Two trenches are documented in the 218-E-5 Burial Ground, as shown on Hanford Site drawing
H-2-55534. The geophysical data show a trench that is roughly the same length and width as
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Trench 2 shown on the drawing. However, the center of the trench appears to be roughly 20 m
to the west of its documented location. Within the trench are both metallic and nonmetallic
debris that varies in concentration and depth of burial. Two areas stand out within the trench that
have a significantly higher concentration of metallic debris than the rest of the trench.

In the eastern half of the burial ground, a second trench was detected that correlates well with the
documented location of Trench 3 shown on Hanford Site drawing H-2-55534. A mixture of both
metallic and nonmetallic waste appears to be scattered throughout the trench. Four areas were
identified that have a significantly higher concentration of metallic debris than other parts of the
trench. The largest, most distinct feature appears to be a flat-topped, metallic object(s) near
N172/E200.

3.8.2 218-E-5A Burial Ground

Interpretation of the geophysical data for the 218-E-5A Burial Ground indicates that it is an
oblong-shape trench or pit containing a significant amount of metallic debris or objects. The
location correlates well with the location shown on Hanford Site drawing H-2-55534.

3.9 218-E-8 BURIAL GROUND

The geophysical data for this site show no clear indications of any distinct trenches or large
concentrations of buried debris (see Figure 7). Most of the site shows a scattering of anomalies
of variable concentrations. There is a large variety in the character and depths of the anomalies.
Most anomalies appear to be from buried debris, but some may represent changes in the
character of the soil.

Three distinct zones were identified that have the character of a small pit. These zones appear to
contain an isolated, relatively large metallic object, or several smaller metallic objects, in
proximity to each other.

A zone of anomalies along the eastern edge of the site includes a variety of scattered anomalous
features that are more concentrated than those found throughout the rest of the site. There
appears to be a change in the nature of the soil in this zone, but the data suggest that there also is
scattered buried debris. However, it is not clear whether most of the anomalous signature is from
the changing soil or the volume of buried debris. This enigmatic zone appears to extend beyond
the east boundary of the site, as defined by the chain and burial ground monuments. No Hanford
Site drawing was located for the 218-E-8 Burial Ground. However, it is indicated on Hanford
Site drawing H-2-33276, Rev. 6, Sheet 3, and Rev. 17.
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4.0 RECOMMENDATIONS

4.1 ADDITIONAL DATA COLLECTION AND
INTERPRETATION

These investigations were conducted on a reconnaissance level. The EMI and magnetic data

were collected at a data density where additional data collection would not add significantly to
the information about the buried waste within each of the burial grounds.

The GPR data were collected specifically to identify trench and excavation boundaries and to

provide information on the average thickness of the fill material covering the waste. To meet
these objectives, only selective GPR data were collected, based on the results from the EMI and
magnetic data. The interpretation of the GPR data reflects the reconnaissance nature of the data

collection.

The GPR data also were assessed for their ability to detect voids and their ability to differentiate
between metallic, nonmetallic, and other types of waste items that often are found in the

trenches. In general, voids may be present in the GPR data; however, in most cases it is highly
unlikely that the interpreter will be able to differentiate between the buried waste and the
associated voids. Additional, tighter spaced profiles of GPR data significantly would enhance
the knowledge of the character, distribution, and depth to the buried features with a specific area.
However, in general, uniquely identifying specific features within a trench using geophysical
methods still would require a high degree of speculation. GPR does give information on the
character of the buried features within a trench, but in most cases only generalizations on the
nature of the debris can be made.

One geophysical method that was not used but that may add additional information on the

character of the waste within a trench is a time-domain EMI instrument, namely the Geonics

EM61 High Sensitivity Metal Detector'. This instrument is capable of mapping the location of
metallic debris with a greater accuracy than either the EM31 EMI or the G-858G magnetic

instruments. However, the EM61 has a much shallower depth of investigation-less than 3 m in

most situations.

Geophysical data from two burial grounds (the 218-W-1 1 and 218-E-8 Burial Grounds) indicate

that all of the buried waste associated with the burial ground may not have been detected and

mapped. At the 218-W-1 1 Burial Ground, only one of the two trenches shown on Hanford Site

drawing H-2-94250 was detected and mapped, while additional buried debris was located
immediately north of the investigation area. At the 218-E-8 Burial Ground, the buried waste

appears to extend to the edge of the marked burial ground and may extend beyond the
monuments. In each case, additional geophysical data may help resolve these questions.

' Gconics EM61 is a trademark of Geonics limited, Mississauga, Ontario, Canada.
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4.2 RECONCILING INTERPRETATIONS WITH
OTHER INFORMATION

Reconciling the geophysical results with what is known or suspected about the buried waste at
these burial grounds was not part of the scope of this project. However, as discussed above, a
first step toward that reconciliation was performed by overlaying the geophysical interpretations
with the Hanford Site drawings provided. These overlays are presented in Appendix B for
informational purposes. Note that these drawings were not fully verified for correct scale or
alignment and include extraneous information from the scanning process.

Improved overlays may assist in creating a conceptual framework for the location and nature of
buried waste in each burial ground. One step in improving the overlays would be to use digitized
trench locations in each burial ground and overlay the geophysical interpretations to create a new
drawing or to place the interpretations in a Geographical Information System (GIS). Such
drawings, or GIS outputs, would show how the geophysics relates to what is known or suspected
about the burial grounds in a less cluttered manner than the figures that are presented in
Appendix B.
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5.0 SOFTWARE PROBLEM REPORTING AND SYSTEM
VERIFICATION AND VALIDATION INFORMATION

Per specific contract items, the following sections discuss the procedure that was in place for
reporting problems that could have been encountered with software, and they document the
verification and validation of the software used to make calculations.

The software quality assurance procedures used meet NQA-I standards.

No errors or problems were observed with the software used for this project.

5.1 SOFTWARE PROBLEM AND ERROR
REPORTING

During the operating life-cycle of commercial off-the-shelf software, errors, problems, or bugs
("errors") may be discovered. Error discovery can come from either the software user or the
software vendor in the form of bug fixes.

When the software user discovers an error, the following steps shall occur.

1. The software user discovering the error shall notify the Project Quality Assurance (QA)
Manager.

2. The Project QA Manager and software user together shall determine if the error is a
reportable problem (e.g., user error, data entry).

3. If the error is reportable, the Project QA Manager shall determine the significance of the
problem and proceed with originating a corrective and preventive action (CAPA) report
and/or a nonconformance report (NCR) per their respective procedures, as applicable.

4. The Project QA Manager shall notify the client of the discovery in the event that the error
is determined to be significant (has an effect on quality- or safety-related items or on

services previously delivered).

5. The Project QA Manager shall notify the software owner of the error. Once notified, the
software owner shall determine the affect on the software program's use and any related
workarounds and shall communicate such activities to all users of the software program.

6. Each software user shall notify his/her respective Project QA Manager of the discovery.
Each Project QA Manager shall determine the significance of the problem and proceed
with originating a CAPA report and/or an NCR per their respective procedures, as
applicable. The Project QA Manager shall notify the client of the discovery in the event
that the error is determined to be significant (has an effect on quality- or safety-related
items or services previously delivered).
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7. The software owner also shall notify the software vendor of the discovery using the
latter's bug-reporting process.

8. The software owner subsequently shall deliver any bug fixes as provided by the software
vendor to all software users.

When the software owner receives notification from the software vendor of an error discovered,
the following steps shall occur.

1. The software owner shall notify all software users of the discovery and shall deliver any
bug fixes as provided by the software vendor.

2. Each software user shall notify his/her respective Project QA Manager of the discovery.
Each Project QA Manager shall determine the significance of the problem and shall
proceed with originating a CAPA report and/or an NCR per their respective procedures,
as applicable. The Project QA Manager shall notify the client of the discovery in the
event that the error is determined to be significant (has an affect on quality- or safety-
related items or services previously delivered).

In the event that the error is not significant, the Project QA Manager shall notify the client of the
discovery and provide an explanation of the nonsignificant error.

5.2 SOFTWARE VERIFICATION AND
VALIDATION INFORMATION

5.2.1 Software Information

Title: Surfer

Manufacturer:

Function:

Operating System:

Calculations Performed:

Version: 7.02

Golden Software, Inc., Golden, Colorado

Surface Mapping System

Microsoft Windows 2000, Version: 5.00.21957

Calculates and outputs a contoured grid from regularly
spaced data values

7Windows 2000 is a trademark of Microsoft Corporation, Redmond, Washington.
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5.2.2 Verification and Validation

To verify that the software used on this project produced correct results was preformed using
input and conditions similar to those used on the project. A brief summary of the test and its
outcome are presented here. Documentation of the test is retained in the project file.

To demonstrate proper contour calculation and placement, a regular grid of arbitrary numbers
was created and processed by the software. Figure 8 presents the location and values that are in
the data file. Superimposed over the data values are the contour intervals that were calculated
and placed by Surfer. Inspection of Figure 8 indicates that the software correctly places the
contours at the proper location and with the proper values, based on the data that it was supplied.
The entire data file is presented in Appendix C.

This analysis indicates that the software performs correctly under conditions similar to those
used on this project, and it is therefore acceptable for use as such.
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Figure 1. Geophysical Investigation Results, 218-W-1A Burial Ground.
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Figure 2. Geophysical Investigation Results, 218-W-2A Burial Ground.
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Figure 3. Geophysical Investigation Results, 218-W-1 I Burial Ground.
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Figure 4. Geophysical Investigation Results, 218-C-9 Burial Ground.
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Figure 5. Geophysical Investigation Results, 218-E-2A Burial Ground.
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Figure 6. Geophysical Investigation Results, 218-E-5 and 218-E-5A Burial Grounds.
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Figure 7. Geophysical Investigation Results, 218-E-8 Burial Ground.
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Figure 8. Software Verification and Validation Demonstration.

Verification and Validation Demonstration, Golden Software Surfer,
Version 7.02, October 2005.
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APPENDIX A

DATA PLOTS AND SITE INVESTIGATION DETAILS
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APPENDIX A

DATA PLOTS AND SITE INVESTIGATION DETAILS

Information is provided on the ground-penetrating radar, electromagnetic induction, and
magnetic data collected, along with details of the investigation, for each burial ground discussed

in this document.
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.
Site: 218-W-IA Burial Ground Document Number: Date: 10/08/05

Sponsor/Contact: Greg BerlinIFH Phone: 509-376-2389

Location: 200 West Area

Objectives: Detect, map, and characterize buried waste within known burial ground.

Investigators

Name: Bill Hudson Company CH2M HILL Inc.

Phone: 375-3444 E-Mail Bhudsonl@ch2m.com

Name: Tom Mitchell Company WCH

Phone: 372-9690 E-MaIl Thmitchc@wch-rcc.com

Name: Kevin Bergstrom Company WCH

Phone: 372-9591 E-Mail Kaberstr@wch-rcc.com

Site Description

Cultural Resource Setting: NA

Terrain: Relatively flat with some uneven ground

Vegetation: Low sage. russian thistle, bunch grasses

Soil/sediments/rock type: Primarily sand and silt

Anticipated Bedrock: Depth: NA Type: NA

Hydro properties: Dry at time of data collection

Obstacles: Burial ground monuments, railroad tracks, power poles with guy wires needed to be negotiated
around during data collection

Site Limitations: No significant limitations

Overall assessment of site for geophysical investigations: Conditions were adequate to meet project objectives

Equipment

Type/Model: Ground Penetrating Radar: GSSI SIRIOA, 200 MIiz antenna (SIRiO)

EMI (FDEM): Geonics EM31 Terrain Conductivity Meter (EM31)

Magnetic (Total Magnetic Field): Geometrics G-8580 Magnetometer/Gradiometer (G-858G)

Data Format: Disk 0 Tape 0~] Hardcopy E

Data Collection/Processing Parameters

Survey Parameters/Grid: An irregularly shaped base grid was staked on 30 m centers using GPS by FH personnel. The

long dimensions on the base grid were 270 m x 270 m. A data collection grid was marked by
CH12M HILL personnel using pin flags placed at 6 m centers between the 30 m stakes. Data
positioning between pin flags was accomplished by pacing (EM31) or interpolation between
fiducial marks (G-858G and GPR).
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.
Site: 218-W.I A Burial Ground Document Number: Date: 10/08/05

Sponsor/Contact: Greg Berlin/FH Phone: 509-376-2389

Equipment Settings and CPR (SIRID) data were stacked @ 2x; 108 ns window, gains and filters set in field to match
Processing Parameters: soil conditions. Hard copy plots of data were printed in the office on a thermal printer for

interpretation.
EMI (EM31) data were collected at hip height in the vertical dipole mode on 1.5 m station
spacing and 3 m line spacing on north-south lines. Data were downloaded and written to an
xyz file using Geonics DAT3I.exe. Data were gridded and plotted using Golden Software
SURFER.
Magnetic (G-858G) data were collected with sensors 0.5 and 1.5 meters above the ground
in continuous sampling mode with samples recorded every 0.5 seconds and fiducial
positioning marks placed every 30 meters, on lines spaced 3 meters apart. Data were
collected in north-south direction with the sensors oriented east-west at a 45 degrees angle to
the horizon. Data were downloaded and written to an xyz file using Geometrics
MAGMAP2000.exe. Data were gridded and plotted using Golden Software SURFER.

Summary of Results

Data Discussion

Refer to figures Al-1, A1-2, A1-3, and A1-4.

EMI and magnetic data show numerous anomalies scattered throughout the site. Concentrations of anomalies In some
locations have the characteristics of burial trenches or pits. The locations of some anomaly concentrations coincide to the
expected locations of trenches/pits based on available site drawings. In other locations, the positions of interpreted
trenches do not coincide exactly with those shown on drawings, although the orientations do correlate well. Small, Isolated
anomalies, especially in the magnetic field data, indicate a considerable amount of scattered buried debris or objects at the

site.

GPR data indicate a considerable amount of buried objects and/or debris throughout this site. The depth to the top of the
objects/debris can be estimated from the GPR data. The GPR data do not show many excavation edges at this site. The
lack of defined excavation boundaries may be a function of the native soils at this site. It may also be explained as
object/debris burial at this site was accomplished as individual events of digging holes and quickly backfilling them. Such
actions would not leave a well defined trench "signature" for the GPR data to detect. This type of operation of this burial

ground is also suggested by the scattered locations of anomalies in the data and the lack of well defined concentrations of

objects/debris in the GPR data. For these reasons, it is difficult to determine where trenches begin or end in the GPR data

at this site, and trench locations are interpreted largely from the EMI and magnetic field data.

Conclusions

Interpretation of the geophysical data for this site indicates it contains a significant amount of buried material. Although

no distinct trench boundaries are evident in the geophysical data, the pattern of anomalies in the EMI and magnetic data

somewhat agree with the locations and/or orientations of trenches/pits shown on site drawings. No geophysical evidence
was detected for one trench (#5A) shown on the site drawings. Additional trenches/pits were detected that were not on the

drawing. This site contains a large number of small, scattered, shallow anomalies that confound the interpretation of

distinct burial trenches in the JPR data. For this reason, concentrations of buried debris are infcrred primarily from EMI

and magnetic data.

Burial Ground 218-W-IA is unique in character in that no well defined trenches were interpreted in the data. Instead there

is a variety of sizes, shapes, and characters of buried features and concentrations of features. To facilitate discussion, the
burial features are grouped into three categories based on similar character of anomalies. These categories are discussed

on the following pages. Average depth to the top of the debris within each zone is posted in areas where there was

adequate GPR data to obtain this information.
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A1.1 218-W-1A BURIAL GROUND
DETAILED DISCUSSION OF BURIAL
AREAS

Burial Ground 218-W-1A is unique in character in that no well defined trenches were interpreted
in the data. Instead there is a variety of sizes, shapes, and characters of buried features and
concentrations of features. To facilitate discussion, the burial features are grouped into three
categories based on similar character of anomalies. These categories are discussed below.
Average depth to the top of the debris within each zone is posted in areas where there was
adequate GPR data to obtain this information.

A.1.1 Zone A

Four areas were identified that have been characterized as a Zone A. They are referred to as
Zones Al, A2, A3, and A4. These four zones are the closest to having the character of a typical
trench. They each have a variety of anomalies of different character and fall into what appears to
be a defined area analogous to a trench. However, the GPR data, which often are successful in
defining excavation boundaries for trenches, did not detect any excavation boundaries for any of
these zones so it is not clear where each burial trench (or pit) begins or ends.

A1.1.1.1 Zone Al

Zone Al incorporates several of the documented trenches as shown on Figure B-1. The

boundaries of Zone Al are not very well defined in the geophysical data. The boundaries are
speculative but do represent a grouping of anomalies that fall within a relatively well defined
area. The character of anomalies varies throughout the trench with several pockets with higher
concentration of metallic debris as depicted best with the EM31 in-phase data (Figure Al-1).
The data also indicate that there is both metallic and nonmetallic debris in Zone A and the

concentration of debris varies throughout.

A1.1.1.2 Zone A2

Zone A2 has the poorest defined boundaries of any in Zone A. The boundaries shown in
Figure I were heavily influenced by the magnetic data that show a relatively concentrated area of

ferrous material. However, the boundaries could easily have been extended to the northeast to
include several of the areas that are defined as Zone B or Zone C, which are discussed later.
In general, Zone A2 has a relatively high concentration of ferrous metal but it appears that there

is other debris buried in this zone as well.

A 1.1.1.3 Zone A3

The anomalies in Zone A3 falls into a relatively well defined area. It contains several pockets of
highly concentrated metallic debris as best shown in the magnetic and/or EMI data (Figures Al-I

and A1-2). It is not clear whether these zones represent several individual burials of debris or a
single trench.
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A1.1.1.4 Zone A4

Of the four zones, only Zone A4 appears to fall within one of the documented trench boundaries
(i.e., Trench 5, per drawing H-2-2516). There does not appear to be any debris buried within
Trench 5A (immediately south of Trench 5) unless it is similar in character to the surrounding
soil.

The debris in Zone A4 appears to be mixed-containing both metallic and nonmetallic debris.
Most of the debris appears to be scattered, although there are three pockets of higher
concentrations of metallic debris as shown in Figures Al-I and A1-2.

A1.1.2 Zone B

Five areas are identified as Zone B. Each zone represents a pocket of debris that has a high
concentration of metallic material. The boundaries are relatively distinct as best shown on
Figures Al-I and A1-2.

A1.13 Zone C

Four areas were categorized as Zone C. Each represents an area of moderately concentrated
debris. The boundaries of each of these zones are highly subjective, although it does appear that
each of these zones represents an area with a mixture of metallic and nonmetallic debris that
might have been buried within the same pit or trench.
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Figure Al-1.
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Geophysical Investigation Results, 218-W-1A Burial Ground,
200 West Area, September 2005.

C -56723&73

xx

XX'

x- x

W31C - - - -

x

Ix C

xx x

N~o - 174

x

A2

xx x

xx

N180 -- - - -- u - --- - --
xx x x

xx

xx x

N100 - - - - - - - - - - . ..

N 13704&44
* 6863.73

0 1O 20 30 flter.

ALL DEPTHS ARE POSTED IN DECIMETERS
(1 METER = 10 DECIMETERS)

A zowe W.uer Mlcu . m
[0 AmOE DEK TO W OF A PCKET OF U.D

x AL fT HAS h CRACERCS OF A UWD FIAThE
EPUT 1S REATNEY ISOATED

ZOW &- AKtA THAT HAS ThC-LD(C O'ARCTfU1 Wym
VAALJ OCMTR14 OF SED OE mTr FALLS IWO

WAT PE 10 K1 A DUEVD AMA

ZOf EPOCM O MMS TA HS A KEL.AWhLY 14GH

70 1W-FA0t OF AntTEE MEM AMPPEAft

P r e m w h "1 1 .n I T r NA T 3

WPS *t M Wf.Nngqn Stot .-- (ht) NADW5

A-6

F

.

.-.... .



Page 56 of 137 of DA02538163

D&D-28379 REV I

Figure A 1-2. Electromagnetic Induction (EM31) Data, 218-W-I A Burial Ground,
200 West Area, September 2005.
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Figure AI-3. Total Magnetic Field (G-858G) Data, 218-W-1A Burial Ground,
200 West Area, September 2005.
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Figure A 1-4. Magnetic Field Electromagnetic Induction Data Overlay,
218-W-lA Burial Ground, 200 West Area, September 2005.
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A2.0 218-W-2A BURIAL GROUND GEOPHYSICAL INVESTIGATION
SUMMARY AND DATA PLOTS
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.

Site: 218-W-2A Burial Ground Document Number: Date: 10/08/05
Sponsor/Contact: Greg Berlin/PH Phone: 509-376-2389
Location: - 200-West Area
Objectives: Detect, map, and characterize buried waste within known burial ground.

Investigators

Name: Bill Hudson Company CH2M HILL Inc.
Phone: 375-3444 E-Mail Bhudsonl@ch2m.com
Name: Tom Mitchell Company WCH
Phone: 372-9690 E-Mail Thmitche@wch-rcc.com
Name: Kevin Bergstrom Company WCH
Phone: 372-9591 E-Mail Kaberstr@wch-rcc.com

Site Description

Cultural Resource Setting: NA
Terrain: Relatively flat with elongated mounds aligned north-west to south-east;
Vegetation: None
Soill/sediments/rock type: Primarily gravel and sand.
Anticipated Bedrock: Depth: NA Type: NA
Hydro properties: Dry at time of data collection.
Obstacles: Straw bales and sand dunes form an irregular line along the western edge of the investigation area

limited some data collection.
Site Limitations: Railroad tracks created a large anomaly in most data sets that may be obscuring buried features

close to them.
Overall assessment of site for geophysical Investigations: Conditions were adequate to meet project objectives.

Equipment

Type/Mlodel: Ground Penetrating Radar: GSSI SrRl0A, 200 MHz antenna (SIR10)
EMI (FDEM): Geonics EM31 Terrain Conductivity Meter (EM31)
Total Magnetic Field: Geometrics G-85BG Magnetometer/Gradiometer (G-858G)

Data Format: Disk 0 Tape [I Hardcopy 0

Data Collection/Processing Parameters

Survey An irregularly shaped base grid was staked on 30 m centers using CPS by FH personnel. The
Parameters/Grid: long dimensions on the base grid were 600 m x 360 m. A data collection grid was marked by

CH2M HILL personnel using pin flags placed at 6 m centers between the 30 m stakes. Data
positioning between pin flags was accomplished by pacing (EM31) or interpolation between
fiducial marks (G-858G and GPR).
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.

Site: 218-W-2A Burial Ground Document Number: Date: 10/08/05

Sponsor/Contact: Greg Berlin/FH Phone: 509-376-2389

Equipment Settings and GPR (SIRIO) data were stacked @ 2x; 108 ns window, gains and filters set in field to match
Processing Parameters: soil conditions. Hard copy plots of data were printed in the offce on a thermal printer for

interpretation.
EMI (EM3I) data were collected at hip height in the vertical dipole mode on 1.5 m station
spacing and 3 m line spacing on north-south lines. Data were downloaded and written to an
xyz file using Geonics DAT3I.exe. Data were gridded and plotted using Golden Software
SURFER.
Magnetic (G-858G) data were collected with sensors 0.5 and 1.5 meters above the ground in
continuous sampling mode with samples recorded every 0.5 seconds and fiducial positioning
marks placed every 30 meters, on lines spaced 3 meters apart. Data were collected in north-
south direction with the sensors oriented cast-west at 45 degree angle to the horizon. Data
were downloaded and written to an xyz file using Geometrics MAGMAP2000.exe. Data
were gridded and plotted using Golden Software SURFER.

Summary of Results

Data Discussion

Refer to figures A2-1, A2-2. A2-3 and A2-4.

EMI and magnetic data indicate numerous concentrations of anomalies characteristic or burial trenches and pits. Most of
these concentrations of anomalies are linear in nature and coincide with the locations or trenches shown on available site
drawings. Both EMI and magnetic data show scattered anomalies those areas that have no trench like features. Railroad
tracks along the eastern edge of the investigation area causes a high amplitude anomaly in both EMI and magnetic data.

GPR data show anomalies consistent with buried objects and debris within the anomalous zones evident in the EMI and
magnetic data plots. The depth to the top of the objects and debris can be estimated in the GPR data. GPR data also show
trench excavation boundaries at numerous locations throughout the site. These trench edges are used to define trench
locations where they are seen. In some trench locations shown on site drawings, GPR data do not indicate buried debris or
excavation boundaries. This lack of anomalies in GPR, along with the scattered nature of anomalies in the EMI and
magnetic data, is the basis for concluding that these trenches likely were never used.

Conclusions

Interpretation of the geophysical data indicates there are burial trenches at most of the locations shown for trenches on
drawing H-2-32095 (Westinghouse 1993). There is no geophysical evidence for buried waste at some of the trench
locations shown on the drawing. One burial trench was interpreted in the geophysical data at a location that was not
indicated on the drawing. Most of the debris or objects in the trenches have a ferrous metal content; some have a
significant ferrous content. A detailed discussion of the results from this burial ground is presented following this site
investigation summary.
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A2.1 218-W.2A BURIAL GROUND
DETAILED DISCUSSION OF TRENCHES

A2.1.1 Trench #1

A northwest-southeast trending trench that is located in southwest comer of the burial grounds.
The trench location correlates well with its location shown on site drawings.

Trench Dimensions

Length: -50 meters
Width: -15 meters
Average thickness of cover: Ranges from 0.3 to 2.0 meters in most areas.

Debris Characteristics

Numerous anomalies and groups of anomalies were identified throughout the trench with
variable spacing and depths. A significant portion of the anomalous features have a strong
metallic signature but there appears to be a mixture of metallic and soft waste.

A2.1.2 Trench #2

There was no geophysical evidence of a trench in this location.

A2.1.3 Trench #3

This is the southern most east-west trending trench that was identified in the investigation. The
trench location correlates well with its location shown on site drawings.

Trench Dimensions

Length: -75 meters
Width: 8-10 meters
Average thickness of cover: Ranges from 0.3 to 2.0 meters in most areas.

Debris Characteristics

Three distinct concentrations of anomalies were identified in the trench:

. -E100 Concentration of metallic anomalies roughly 1.5 meters deep

* -E118 to E138 large continuous feature with strong metallic content from 1.5 to
2.0 meters deep. It appears to have a flat top characteristic of a stack of drums or other
flat top containers
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-El50 Small concentration of metallic anomalies that appear to be relatively shallow in
some areas (0.3 to 2.0 meters deep)

A2.1.4 Trench #4

This is an east-west trending trench that correlates well with its location shown on site drawings.

Trench Dimensions

Length: -150 meters. The eastern excavation boundary is not clear and may merge with the
excavation for Trench F
Width: 12-15 meters
Average thickness of cover: Ranges from 0.3 to 2.0 meters in most areas.

Debris Characteristics

Ten relatively small concentrations of debris were identified in the trench. Each appears to have
metallic debris within the anomalous zone. There are no large, distinctive features within the
trench analogous to several of the other trenches. Between the debris concentrations, other
debris appears to be relatively spread out and/or contains a significant amount of soft waste that
is not showing up in the geophysical data.

A2.1.5 Trench #5

This is an east-west trending trench that correlates well with its location shown on site drawings.

Trench Dimensions

Length: -180 meters
Width: 10-15 meters
Average thickness of cover: Ranges from 0.5 to 2.5 meters in most areas.

Debris Characteristics

Twelve relatively small concentrations of debris were identified in the trench. Each appears to
have metallic debris within the anomalous zone but no major concentrations. There is a shallow
distinctive feature between E136 and E160 that represents a definitive change in the shallow soil
conditions. There are no notable geophysical anomalies with the characteristics typical of buried
debris beneath the zone.

Between the small concentrations of debris, other debris appears to be relatively spread out
and/or contains a significant amount of soft waste that is not showing up in the geophysical data.
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A2.1.6 Trench #6

This is an east-west trending trench that correlates well with its location shown on site drawings.

Trench Dimensions

Length: -150 meters
Width: -20 meters
Average thickness of cover: Ranges from 1 to 2 meters in most areas.

Debris Characteristics

The debris appears to be relatively scattered throughout the trench. Most of the trench is either
filled with soft waste or soil with scattered metallic debris. There are several small pockets
where the metallic debris is more concentrated but there does not appear to be any large metal
objects or concentrations of metallic debris.

A2.1.7 Trench #7

This is an east-west trending trench that correlates well with its location shown on site drawings.

Trench Dimensions

Length: -210 meters
Width: -20-25 meters
Average thickness of cover. Ranges from 0.5 to 2.0 meters in most areas.

Debris Characteristics

There appears to be a variety of types or debris/features within the trench. The concentrations
and spacing between debris appears to vary throughout.

Three distinct features were identified in the trench:

0 -E46: A zone approximately 18 meters long that was detected by all three geophysical
methods. The magnetic and EM data indicate that there is significant metal with this
zone and the GPR data suggests that there is a unique soil type or cap covering the zone
roughly a half meter below the surface

* -E70: There are at least two distinct, closely space GPR anomalies roughly 2 meters
below the surface. The magnetic data suggest that they are made of ferrous material

S-E188: There are at least two distinct, closely space GPR anomalies roughly 2 meters
below the surface. This package of anomalies is similar in character to that detected at
E70 as described above. The magnetic data suggest that they are also made of ferrous.
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A2.1.8 Trench #8

This is an east-west trending trench that correlates well with its location shown on site drawings.

Trench Dimensions

Length: -222 meters
Width: -20-25 meters
Average thickness of cover: Ranges from 0.4 to 1.0 meters in most areas.

Debris Characteristics

There appears to be a variety of types or debris/features within the trench. The concentrations
and spacing between debris appears to vary throughout but in general the debris seems to be
relatively spread out with limited metallic debris.

Four distinct features were identified in the trench:

* -E64: A relatively tight group of distinct GPR anomalies of similar character within a
6-meter area; they appear to be of ferrous material

* -E178: A grouping of debris that appears to have a fairly high metallic content

* -E202: A grouping of debris that appears to have a fairly high metallic content

* -E218: A grouping of debris that appears to have a fairly high metallic content.

A2.1.9 Trench #9

There was no geophysical evidence of a trench in this location.

A2.1.10 Trench #10

This is an east-west trending trench that correlates well with its location shown on site drawings.

Trench Dimensions

Length: -250 meters. Neither the eastern nor western boundaries are clearly defined.
Width: 20-30 meters
Average thickness of cover: Ranges from 0.5 to 2.5 meters in most areas.

Debris Characteristics

Seventeen relatively small concentrations of debris were identified in the trench. Each appears
to have metallic debris within the anomalous zone. There are no large, distinctive features
within the trench analogous to several of the other trenches. Between the small concentrations of
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debris, the other debris appears to be relatively spread out and/or contains a significant amount of
soft waste that is not showing up in the geophysical data.

A2.1.11 Trenches #11-15

Trenches 11-15 are documented as five trenches that parallel the west side of the railroad tracks.
The boundaries are shown as butting up against each other with no gaps between them. The
geophysical data indicate that buried debris extends roughly 100 meters further to the south than
shown on site drawings. No attempt was made to distinguish which debris belongs to which
trench. It is assumed that the entire extent of buried debris falls within the five trenches.

Trench Dimensions

Even though several packages of concentrated debris parallel the tracks, it is not clear which
debris falls into which trench. Therefore, the entire zone is treated as a single trench for ease of
discussion.

Length: -270 meters
Width: Estimated at 5-20 meters but changes throughout the entire length
Average thickness of cover, variable

Debris Characteristics

The debris appears to fall within fives zones analogous to the five trenches. However, the five
zones cover a much larger area than locations shown on site drawings for trenches 11-15.

. Zone I: (- N634/E352) a roughly 10 meter long zone that the data suggest has some
debris or an object buried within it with some metallic content. The debris does not
appear to be extensive.

" Zone II: (-N570 to N620/E330) this zone of anomalies is in the vicinity of the location of
-trenches 14 and 15 shown on site drawings. It has a very unique character in that it is
filled with a very symmetrical pattern of evenly spaced anomalies of the same character.
Most of the features are roughly 1-2 meters deep.

. Zone III: (-N490 to N556/ E310) this zone correlates best with the documented location
of trenches 11, 12, and 13. It has a fairly well defined excavation boundary on the north
and south end. There appears to be a mixture of types of debris at variable depths. Many
have a high metallic content. Most of the debris is concentrated in the southern 2/3 of the
trench. A relatively distinct surface layer covers the portion of the northern portion of the
trench between N520 and N556. This layer has the character of a soil.

" Zone IV: (-N4601E300) this appears to be a small pit or trench that is roughly 20 meters
long. The north and south excavation boundaries for the trench are fairly well defined.
There appears to be two linear features within the trench that parallel the railroad tracks.
This zone is in the proximity of both trench #11 and the eastern end of trench #24.
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. Zone V: (-N370 to N430/E290) this zone does not correlate very well with any of the
- documented trenches. It parallels the railroad track. It has a large variety of anomalies

with varying amounts of metallic material. A very distinctive feature is located at
approximately N385/E280. This feature is characterized as a concentrated zone of
metallic debris that starts at less than I meter depth.

A2.1.12 Trenches #16

Trench 16 is the only trench documented as being located on the eastern half of the railroad
tracks. No anomalies or anomalous zones detected at the location of trench 16 shown on site
drawings are characteristic of a trench with buried debris. However, an area between roughly
N425 and N455 has very unique soil properties as seen in the GPR data. This anomalous soil
begins at less than 0.5 meters below the surface. There does not appear to be any debris buried
within the anomalous zone, but the strong reflection of the GPR signal by the soil may be
masking debris/objects beneath it. If there is debris within this zone it has minimal metallic
content.

On the west side of the tracks, immediately across from the location of trench 16 shown on site
maps, is an area that has the characteristics of a trench with buried debris in it. This area is
discussed above in the trench 11-15 section. It is referred to as Zone IV.

A2.1.13 Trenches #17,18,19

There are no trenches with these numbers shown on site drawings.

A2.1.14 Trench #20

This is an east-west trending trench that correlates well with its location shown on site drawings.

Trench Dimensions

Length: -240 meters. Neither the east nor western boundaries are clearly defined
Width: 20-30 meters
Average thickness of cover. Ranges from 0.5 to 2 meters in most areas.

Pebris Characteristics

There appears to be a variety of types of dcbris/objects within the trench. The concentrations
and spacing between debris appears to vary throughout. The data suggest that there is
significantly more metallic debris in the eastern half than the western half or that the metallic
debris in the western half is buried much deeper. Three distinct features were identified in the
trench that are similar in character. They appear to be flat topped metallic objects that are
roughly 6 meters wide. They are located at E156, E220, and E235.
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A2.1.15 Trench #21

This is an east-west trending trench that correlates well with its location shown on site drawings.
The western boundary may be west of the straw bale barrier.

Trench Dimensions

Length: -290 meters
Width: - 20 meters
Average thickness of cover. <0.5 to 2.5 meters.

Debris Characteristics

There appears to be a variety of types or debris/objects within the trench. The debris is primarily
concentrated between E(-20) and E145. From E145 to E245 the debris appears to be more
scattered with minimal metallic content.

There are four distinct zones of anomalies within the trench:

0 -E(-20): The western termination of the trench appears to be right at the straw bale
barrier. There is a relatively high concentration of metallic debris here

S-E10 to E34: High concentration of metallic debris of varying character. It appears to be
relatively shallow in some areas (<0.5 meters)

. -E120: A relatively flat topped metallic object(s) that is roughly 8 meters wide that has
metallic content. It is roughly 1.5 meters below the surface

-E255: A relatively flat topped metallic feature(s) that is roughly 8 meters wide that has
metallic content. It is roughly 1.5 meters below the surface. It is very similar in
character to the feature detected at E120.

There are several other small zones with highly concentrated metallic debris.

A2.1.16 Trench #22

This is an east-west trending trench that correlates well with its documented location.

Trench Dimensions

Length: -290 meters
Width: 20-25 meters
Average thickness of cover <0.5 to 3.0 meters.

Debris Characteristics

Seventeen relatively small concentrations of debris were identified in the trench. Each has a
higher concentration of metallic debris relative to the rest of the trench. Between the small
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concentrations of debris, the other debris appears to be relatively spread out and/or contains a
significant amount of soft waste that is not showing up in the geophysical data.

The largest concentrated zone of debris is located in the eastern end of the trench around E265.

A2.1.17 Trench #23

This is an east-west trending trench that correlates well with its documented location.

Trench Dimensions

Length: -300 meters
Width: -20 meters
Average thickness of cover. 1.5 to 2.5 meters.

Debris Characteristics

Two isolated concentrations of debris within trench 23 contain significant amounts of metal.
They are located at the eastern- and western-most end of the trenches (E280 and E(-40)).

The rest of trench 23 has significantly less metallic debris than most of the other trenches. Most
of the detectable debris appears to be relatively deep, spread out, and nonmetallic.

A2.1.18 Trench #24

This is an east-west trending trench that correlates well with its documented location.

Trench Dimensions

Length: -300 meters (Dependent upon whether the anomalous Zone IV in Trench 11-15 is
included as part of Trench 24 or one of the trenches that parallel the railroad tracks)
Width: -20 meters
Average thickness of cover: <0.5 to 2.5 meters.

Debris Characteristics

Twenty to twenty-five concentrations of debris were identified in the trench. Each has a higher
concentration of metallic debris relative to the rest of the trench. Between the small
concentrations of debris, the other debris appears to be relatively spread out and/or contains a
significant amount of soft waste that is not showing up in the geophysical data. Zone IV,
discussed in the section on Trenches 11-15, could be part of Trench 24 or it could be one of the
trenches that parallel the railroad tracks.

A2.1.19 Trench #25

There was no geophysical evidence of a trench in this location.
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A2.1.20 Trench #26

There was no geophysical evidence of a trench in this location.

A2.1.21 Trench #27

At this trench location GPR data indicate a relatively short, irregular excavation at the eastern
end, and another section on the western edge of the burial ground that does not line up with the
first section. EMI in-phase and magnetic data show no significant metallic anomalies at this
location. However, EMI terrain conductivity data show an east-west elongated conductivity
anomaly that correlates with the excavation edges in the GPR data. A less pronounced
conductivity anomaly appears to correlate with the western excavation edges. Interpretation of
this data is that there was an excavation at each side of this area that may have been continuous
in-between. The excavation was likely backfilled with native soils containing little or no
metallic debris.

A2.1.22 Trench A

Trench A is an undocumented trench that parallels the west side of the railroad tracks in the
southeast corner of the site.

Trench Dimensions

Length: -50 (Southern boundary not clear)
Width: -Not clear
Average thickness of cover: 1.0 to 2.0 meters.

Debris Characteristics

There appears to be a variety of types or debris/objects within the trench. The concentrations
and spacing between debris appears to vary throughout but in general the debris seems to be
relatively spread out with varying amounts of metallic content.

Several anomalies were mapped south of N160. These anomalies could be an extension of the
trench and/or from utilities that parallel the road.
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Figure A2-1. Geophysical Investigation Results, 218-W-2A Burial Ground, 200 West Area,
September 2005.
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Figure A2-2. Electromagnetic Induction (EM31) Data, 218-W-2A Burial Ground,
200 West Area, September 2005.
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Figure A2-3. Total Magnetic Field (G-858G) Data, 218-W-2A Burial Ground, 200 West Area, September 2005.
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Figure A2-4. Magnetic Field and Electromagnetic Induction Data Overlay,
218-W-2A Burial Ground, 200 West Area, September 2005.
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM
Site: 218-W-1 I Burial Ground Document Number: Date: 10/08/05
Sponsor/Contact: Greg Berlin/PH Phone: 509-376-2389
Location: 200-West Area

Objectives: Detect, map, and characterize buried waste within the burial ground.

Investigators

Name: Bill Hudson Company CH2M HILL Inc.
Phone: 375-3444 E-Mail Bhudsonl@ch2m.com
Name: Tom Mitchell Company WCH
Phone: 372-9690 E-MaIl Thmitche@wch-rcc.com
Name: Kevin Bergstrom Company WCH
Phone: 372-9591 EMail Kaberstr@wch-rcc.com

Site Description

Cultural Resource Setting: NA
Terrain: Relatively flat with some uneven ground
Vegetation: None.
Soil/sediments/rock type: Sand with some silt
Anticipated Bedrock: Depth: NA Type: NA
Hydro properties: Dry at time of data collection
Obstacles: None
Site Limitations: None
Overall assessment of site for geophysical Investigations: Adequate to meet project objectives.

Equipment

Type/Model: Ground Penetrating Radar: GSSI SIR10A, 200 MHz antenna (SIR10)
EMI (FDEM): Geonics EM31 Terrain Conductivity Meter (EM31)
Magnetic (Total Magnetic Field): Geometrics 0-8580 Magnetometer/Gradiomcter (G-8580)

Data Format: Disk E Tape 0 Hardcopy 0

Data Collection/Processing Parameters

Survey A 60 m x 180 m base grid was staked on 30 m centers using GPS by FH personnel. A data
Parameters/Grid: collection grid was marked by CH12M HILL personnel using pin flags placed at 6 m centers

between the 30 m stakes. Data positioning between pin flags was accomplished by pacing
(EM31) or interpolation between fiducial marks (G-858G and GPR).
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GEOPHYSICAL SITE INVESTIGATION SUMIMARY FORM

Site: 218-W-1I Burial Ground Document Number: Date: 10/08/05

Sponsor/Contact: Greg Berlin/FH - Phone: 509-376-2389

Equipment Settings and GPR (SIRlO) data were stacked @ 2x; 108 ns window, gains and filters set in field to match
Processing Parameters: soil conditions. Data were collected in continuous mode with fiducials placed nominally

every 30 m. Line spacing varied. Data were collected on either side of lines spaced 30 m
apart and more densely over areas with magnetic and/or EMI anomalies. Hard copy plots of
data were printed in the office on a thermal printer for interpretation.
EMI (EM31) data were collected at hip height in the vertical dipole mode on 1.5 m station
spacing and 3 m line spacing on north-south lines. Data were downloaded and written to an
xyz file using Geonics DAT3 .exe. Data were gridded and plotted using Golden Software
SURFER.

Magnetic (G-858G) data were collected with sensors 0.5 and 1.5 meters above the ground in
continuous sampling mode with samples recorded every 0.5 seconds and fiducial positioning
marks placed every 30 meters, on lines spaced 3 meters apart. Data were collected in north-
south direction with the sensors oriented east-west at a 45 degrees angle to the horizon. Data
were downloaded and written to an xyz file using Geometrics MAGMAP2000.exe. Data
were gridded and plotted using Golden Software SURFER.

Summary of Results

Data Discussion

Refer to figures A3-1, A3-2, A3-3, and A3-4.

EMI and magnetic data show numerous small, isolated anomalies scattered throughout the investigation area. Two larger
areas of concentrated anomalies have the characteristics of burial trenches or pits. A monitoring well just outside the
investigation area on the west side causes an anomaly in the magnetic field data in this area.

GPR data show numerous scattered anomalies consistent with small, isolated buried objects/debris throughout most of the
investigation area. GPR data also show two areas of concentrated anomalies consistent with buried objects/debris in
trenches or pits within the investigation area. The depth to the top of the objects/debris within these interpreted trenches
varies from 0.5 to 2.2 m.

Additional, reconnaissance level, GPR data were collected in an area approximately 30 meter (N-S) x 180 m (E-W) north
of the investigation area. These additional data indicate numerous burial trenches or pits are located within this area. The
nearest burial to the investigation area is approximately 6 m.

Field confirmation was made that the data collection area matched the burial ground location as shown on drawing
11-2-94250 (Westinghouse 1993). Confirmation was made by field checking burial ground monument numbers from the
drawing with the numbers stamped on the plaques on the monuments in the field, and then confirming the coordinates and

relative positions of the monuments with the coordinates and position of the data collection base grid. The monument
numbers, coordinates, and relative positions all correlated, which indicates the data collection grid was properly located.

Conclusions

Interpretation of the geophysical data indicates the investigation area contains two concentrations of buried debris or
objects. The objects or debris within these trenches/pits contain ferrous metal. Much of the remainder of the investigation
area contains numerous small, isolated objects or debris buried less than 0.7 meter deep. The locations of the interpreted
trenches/pits coincide reasonably well with the location of one of the two trenches shown on drawing 11-2-94250
(Westinghouse 1993). There is no geophysical evidence of the other trench shown In the drawing. A small amount of data

was collected immediately north of the investigation area that indicates multiple burial trenches/pits are located in this
area. however, the buried debris within this area was not fully mapped or characterized.
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Figure A3-1. Geophysical Investigation Results, 218-W-11 Burial Ground, 200 West Area, September 2005.
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Figure A3-2. Electromagnetic Induction (EM31) Data, 218-W-1 1 Burial Ground, 200 West Area, September 2005.
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Figure A3-3. Total Magnetic Field (G-858G) Data, 218-W-1 1 Burial Ground, 200 West Area, September 2005.
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Figure A3-4. Magnetic Field and Electromagnetic Induction Data Overlay, 218-W-1I1 Burial Ground,
200 West Area, September 2005.
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A4.0 218-C-9 BURIAL GROUND GEOPHYSICAL INVESTIGATION
SUMMARY AND DATA PLOTS
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.

Site: 218-C-9 Burial Ground Document Number: Date: 10/08105
Sponsor/Contact: Greg Berlin/FH Phone: 509-376-2389
Location: 200-East Area
Objectives: Detect, map, and characterize buried waste within known burial ground.

Investigators

Name: Bill Hudson Company CH2M HILL Inc.
Phone: 375-3444 E-Mail Bhudsonl@ch2m.com
Name: Tom Mitchell Company WCH
Phone: 372-9690 E-Mail Thmitche@wch-rcc.com
Name: Kevin Bergstrom Company WCH
Phone: 372-9591 E-Mail Kaberstr@wch-rcc.com

Site Description

Cultural Resource Setting: NA
Terrain: Flat
Vegetation: Some Russian thistle
SolUsediments/rock type: Primarily sand, silt, and fly ash, some gravel and small cobbles
Anticipated Bedrock: Depth: NA Type: NA
Hydro properties: Dry at time of data collection
Obstacles: Burial ground monuments and chain, and a utility vault prevented collecting some data along

southern edge of investigation area.
Site Limitations: Fly ash on the surface of the site significantly limited the usefulness of the GPR data
Overall assessment of site for Magnetic and EMI conditions were adequate to meet objectives: GPR data were
geophysical investigations: rendered useless by the fly ash present on the surface over most of the site.

Equipment

Type/Model: Ground Penetrating Radar: GSSI SIR10A, 200 MHz antenna (SIR10)
EMI (FDEM): Geonics EM31 Terrain Conductivity Meter (EM31)
Total Magnetic Field: Geonetrics 0-858G Magnetometer/Gradiometer (G-858G)

Data Format: Disk G Tape 0 Hardcopy 0

Data Collection/Processing Parameters

Survey A 90 m x 90 m base grid was staked on 30 m centers by FH1 personnel using GPS. A data
Parameters/Grid: collection grid was marked by CH2M HILL personnel using pin flags placed at 6 m centers

between the 30 m stakes. Data positioning between pin flags was accomplished by pacing
(EM31) or interpolation between fiducial marks (G-8580 and GPR).
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.

Site: 218-C-9 Burial Ground Document Number: Date: 10108105
Sponsor/Contact: Greg Berlin/Fl Phone: 509-376-2389
Equipment Settings and GPR (SIRlO) data were stacked @ 2x; 108 ns window, gains and filters set in field to match
Processing Parameters: soil conditions. Hard copy plots of data were printed in the office on a thermal printer for

interpretation.
EMI (EM31) data were collected at hip height in the vertical dipole mode on 1.5 m station
spacing and 3 m line spacing on east-west lines. Data were downloaded and written to an xyz
file using Geonics DAT31.exe. Data were gridded and plotted using Golden Software
SURFER.
Magnetic (G-858G) data were collected with sensors 0.5 and 1.5 meters above the ground in
continuous sampling mode with samples recorded every 0.5 seconds and fiducial positioning
marks placed every 30 meters, on lines spaced 3 meters apart. Data were collected in north-
south direction with the sensors oriented east-west at 45 degree angle to the horizon. Data
were downloaded and written to an xyz file using Geometrics MAGMAP2000.exe. Data
were gridded and plotted using Golden Software SURFER.

Summary of Results

Data Discussion

Refer to figures A4-1, A4-2. A4-3, and A4-4.

EM31 data show the terrain conductivity at the site to be relatively high compared to other locations of the Hanford Site.
In the southern 1/3 of the site, the conductivity is approximately 50 mS/m. This high conductivity may be limiting the
ability of the instrument to detect buried objects or debris. The in-phase component data from the EM31 show several
moderate amplitude anomalies consistent with isolated buried objects or small concentrations of debris. Utilities and
burial ground monuments cause high amplitude anomalies along the southern edge of the investigation area in the both the
conductivity and in-phase component data.

Magnetic data show a several moderate amplitude anomalies at locations coincident with those seen in the EM31 data in
the center of the investigation area. Utilities and burial ground monuments cause high amplitude anomalies along the
southern edge of the investigation area in the magnetic data.

Ground penetrating radar data appear significantly affected by the presence of fly ash at this site. No anomalies are
evident below approximately 0.5 meters in depth. Between zero and 0.5 meters depth, the recorded signal is significantly
attenuated in the high frequencies. At this site, GPR was essentially useless for characterizing buried debris in the
subsurface.
Conclusions

Confidence in the geophysical interpretation of 218-C-9 is not high because of high background terrain conductivity at this
site. The high terrain conductivity significantly reduced the depth of investigation of the EMI and GPR instruments. The
high terrain conductivity is likely related to the fly ash visible on the surface. Nonetheless, several observations can be
made from the data. The geophysical data indicates that this site does not appear to contain large, continuous
concentrations of buried objects or debris in well defined trenches or pits. Several large metallic objects or concentrations
of smaller metallic debris are buried in several quasi-discrete locations across the site, primarily through the center and
southwestern portion of the site.

A few isolated magnetic anomalies are depicted on the interpretation map. They are likely caused by relatively small and
shallow pieces of ferrous debris.

The geophysical data are consistent with this area being a former topographic low area that was back filled over time with
various types of debris in a non-uniform manner, then covered and backfilled with large amounts of fly ash. The thickest
accumulations of fly ash appear to be along the southern portion of the site.
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Figure A4-1. Geophysical Investigation Results, 218-C-9 Burial Ground, 200 East Area, September 2005.
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Figure A4-2. Electromagnetic Induction (EM31) Data, 218-C-9 Burial Ground,
200 East Area, September 2005.
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Figure A4-3. Total Magnetic Field (G-858G) Data, 218-C-9 Burial Ground,
200 East Area, September 2005.
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Figure A4-4. Magnetic Field and Electromagnetic Induction Data Overlay,
218-C-9 Burial Ground, 200 East Area, September 2005.
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A5.0 218-E-2A BURIAL GROUND GEOPHYSICAL INVESTIGATION
SUMMARY AND DATA PLOTS
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.

Site: 218-E-2A Burial Ground Document Number: Date: 10108/05
Sponsor/Contact: Greg Berlin/FH Phone: 509-376-2389
Location: 200-East Area
Objectives: Detect, map, and characterize buried waste within known burial ground.

Investigators

Name: Bill Hudson Company CH2M HILL Inc.
Phone: 375-3444 E-MaIl Bhudsonl@ch2m.com
Name: Tom Mitchell Company WCH
Phone: 372-9690 E-Mail Thmitche@wch-rcc.com
Name; Kevin Bergstrom Company WCH
Phone: 372-9591 E-MaIl Kaberstr@wch-rcc.com

Site Description

Cultural Resource Setting: NA
Terrain: Relatively flat with some uneven ground
Vegetation: Primarily bunch grass
Soll/sediments/rock type: Sand and silt
Anticipated Bedrock: Depth: NA Type: NA
Hydro properties: Dry at time of data collection
Obstacles:
Site Limitations:
Overall assessment of site for geophysical investigations:

Equipment

Type/Model: Ground Penetrating Radar: GSSI SIR10A, 200 MHz antenna (SIR10)
EMI (FDEM): Gconics EM31 Terrain Conductivity Meter (EM31)
Total Magnetic Field: Geometrics G-8580 Magnetometer/Gradiometer (G-8580)

Data Format: Disk 0 Tape 1 hardcopy 0

Data Collection/Processing Parameters

Survey A 30 m x 120 m base grid was staked on 30 m centers using GPS by FH personnel. A data
Parameters/Grid: collection grid was marked by CH12M HILL personnel using pin flags placed at 6 m centers

between the 30 m stakes. Data positioning between pin flags was accomplished by pacing
(EM31) or interpolation between fiducial marks (G-858G and GPR).
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.

Site: 218-E-2A Burial Ground Document Number: Date: 10/08/05

Sponsor/Contact: Greg Berlin/FH Phone: 509-376-2389

Equipment Settings and GPR (SIRID) data were stacked @ 2x; 108 ns window, gains and filters set in field to match
Processing Parameters: soil conditions. Hard copy plots of data were printed in the office on a thermal printer for

interpretation.
EMI (EM31) data were collected at hip height in the vertical dipole mode on 1.5 m station
spacing and 3 m line spacing on east-west lines. Data were downloaded and written to an xyz
file using Geonics DAT31.exe. Data were gridded and plotted using Golden Software
SURFER.
Magnetic (G-858G) data were collected with sensors 0.5 and 1.5 meters above the ground in
continuous sampling mode with samples recorded every 0.5 seconds and fiducial positioning
marks placed every 30 meters, on lines spaced 3 meters apart. Data were collected in north-
south direction with the sensors oriented east-west at 45 degree angle to the horizon. Data
were downloaded and written to an xyz file using Geometrics MAGMAP2000.exe. Data
were gridded and plotted using Golden Software SURFER.

Summary of Results

Data Discussion

Refer to figures AS-1. A5-2. A5-3, and A5-4.

EMI and magnetic data show a row of anomalies consistent with isolated, or small concentrations of, buried objects.
Magnetic data indicate other small, scattered, pieces of buried metal throughout the site. Railroad tracks that cross the
northern edge of the investigation area cause a high amplitude anomaly that is seen in the magnetic data.

GPR data show a number of low amplitude anomalies primarily in a line through the middle of the site. Much of the GPR
data from this site shows very little returned energy from low in the section (i.e., at greater depth) which indicates that the
surface materials are significantly attenuating the antenna signals, and thus limiting the depth of investigation. This effect
is usually caused by fine grained, clayey, and/or wet surface materials. Three distinct anomalies in the EMI and magnetic
data do not have corresponding GPR anomalies, which may be an indication of this attenuation effect. It is possible the
source of these anomalies are too deep and the attenuation too great for the GPR to "see" the source of the anomalies.

Conclusions

Interpretation of the geophysical data indicates that there is a single burial trench at this site with a series of isolated
objects and/or a number of groups of smaller objects with relatively clean fill in between. GPR data were not successful at
detecting all of the buried debris/objects whose presence is interpreted from the EMI and magnetic data. This is presumed
to be caused by localized surface soil conditions effectively attenuating the GPR signal and limiting the depth of
investigation at this site.
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Figure A5-1. Geophysical Investigation Results, 218-E-2A Burial Ground, 200 East Area, September 2005.
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Figure A5-2. Electromagnetic Induction (EM3 1) Data, 218-E-2A Burial ground, 200 East Area, September 2005.
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Figure A5-3. Total Magnetic Field (G-858G) Data, 218-E-2A Burial Ground, 200 East Area, September 2005.
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Figure A5-4. Magnetic Field and Electromagnetic Induction Data Overlay, 218-E-2A Burial Ground, 200 East Area, September 2005.

N100

(n

N130- 
L.

E100 E115 E130 E145 E160 E175 E190 E205 E220

Magnetic Field Absolute Value of
Vertical Gradient > 75 nT/m

() EMI In-Phase Component > 1 ppt

Scale in Meters

0 3 6 9 12



Page 99 of 137 of DA02538163

D&D-28379 REV I

This page intentionally left blank.

A-50



Page 100 of 137 of DA02538163

D&D-28379 REV I

A6.0 218-E-5 AND 218-E-5A BURIAL GROUNDS GEOPHYSICAL
INVESTIGATION SUMMARY AND DATA PLOTS
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GEOPIIYSICAL SITE INVESTIGATION SUMMARY FORM.

Site:2 18-1-5 and -4A Burial Ground Document Number: Date: 10/08/05
Sponsor/Contact: Greg Berlin/FH Phone: 509-376-2389
Location: 200 East Area
Objectives: Detect, map, and characterize buried waste within known burial grounds.

Investigators

Name: Bill Hudson Company CH2M HILL Inc.
I Phone: 375-3444 EMall Bhudsonl@ch2m.com

Name: Tom Mitchell Company WCH
Phone: 372-9690 &EMaIl Thmitche@wch-rcc.com
Name: Kevin Bergstrom Company WCH
Phone: 372-9591 E-MaIl Kaberstr@wch-rcc.com

Site Description

Cultural Resource Setting: NA
Terrain: Relatively flat with some uneven ground. Stabilization mounds approximately 0.5 meters

high over trenches with 1.5 meter high mound near north side of investigation area.
Vegetation: Primarily bunch grass, some Russian thistle.
Soll/sediments/rock type: Primarily silt. Some areas with cobble surface materials.
Anticipated Bedrock: Depth: NA Type: NA
Hydro properties: Dry at time of data collection

Obstacles: Risers, pipeline marker posts, and an electrical box along north edge of investigation area.
One small area with a "bio-barrier" marked by t-posts and covered with 0.5 m of gravel.

Site Limitations: No significant limitations
Overall assessment of site for geophysical Adequate to meet project objectives.
Investigations:

Equipment

Type/Model: Ground Penetrating Radar: GSSI SIR10A. 200 MHz antenna (SIR10)
EM! (FDEM): Geonics EM31 Terrain Conductivity Meter (EM31)
Magnetic (Total Magnetic Field): Geometrics G-858G Magnetometer/Gradiometer (G-
858G)

Data Format: Disk 0 Tape Hardcopy 0

Data Collection/Processing Parameters

Survey A 120 m x 120 m base grid was staked on 30 m centers by FI personnel using GPS
Parameters/Grid: instruments. A data collection grid was marked by CH2M HILL personnel using pin

flags placed at 6 m centers between the 30 m stakes. Data positioning between pin
flags was accomplished by pacing (EM3 1) or interpolation between fiducial marks
(G-8580 and GPR).
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.

Site:218-E-5 and -SA Burial Ground Document Number: Date; 10108105
Sponsor/Contact: Greg Berlin/FH Phone: 509-376-2389

Equipment Settings GPR (SIRlO) data were stacked @ 2x; 108 ns window, gains and filters set in field to
and Processing match soil conditions. Hard copy plots of data were printed in the office on a thermal
Parameters: printer for interpretation.

EMI (EM31) data were collected at hip height In the vertical dipole mode on 1.5 m
station spacing and 3 m line spacing on north-south lines. Data were downloaded and
written to an xyz file using Geonics DAT31.exe. Data were gridded and plotted using
Golden Software SURFER.
Magnetic (G-858G) data were collected with sensors 0.5 and 1.5 meters above the
ground in continuous sampling mode with samples recorded every 0.5 seconds and
fiducial positioning marks placed every 30 meters, on lines spaced 3 meters apart.
Data were collected in north-south direction with the sensors oriented east-west at a
45 degree angle to the horizon. Data were downloaded and written to an xyz file using
Geometrics MAGMAP2000.exe. Data were gridded and plotted using Golden
Software SURFER.
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.
Site:218-E-5 and -5A Burial Ground Document Number: Date: 10/08/05
Sponsor/Contact: Greg Berlin/Fl Phone: 509-376-2389

Summary of Results

Data Discussion

Refer to figures A6- , A6-2, A6-3, and A6-4.

EMI and magnetic data show moderate and high amplitude anomalies in a series of north-south trending groups
that are consistent with linear burial trenches. Very high amplitude anomalies indicate significantly large
individual objects or concentrations of debris. A high amplitude anomaly that trends diagonally across the
northwest corner of the site is interpreted to be caused by a pipeline that is marked by t-posts in this area. A zone
of magnetic anomalies that trends diagonally across the northeast comer of the site is interpreted to be caused by
gravel on the surface in this area.

GPR data show concentrations of anomalies at varying depths in north-south trending groups that correlate well
with the EMI and magnetic data and are also consistent with discrete burial trenches at this site. The majority of
buried material is covered with greater than 1 meter of fill material. .Within the linear trend of anomalies, the
material appears to be buried in concentrations with mostly clean fill In-between. One high amplitude anomaly in
the eastern most "trench" appears to be caused by a single object up top 12 meters in length. This object
correlates with one of the highest amplitude anomalies in the magnetic and EMI data. The other highest
amplitude anomaly In the EM! and magnetic data in the southwest corner of the investigation area appears to be
caused by a number of closely spaced objects.

Conclusions

Burial grounds 218-E-5 and 218-E-5A are contiguous and were Investigated as a single site. There is a single
figure showing the interpretation for both of these sites.

The data indicate that there are two trenches within burial ground 218-E-5 and one in burial ground 218-E-5A,
which is consistent with drawing H-2-55534 (Rockwell 1984). Each of the trenches is discussed below.
218-E-5 Burial Ground

There are two documented trenches in Burial Ground 218-E-5 shown on drawing 11-2-55534 (Rockwell 1984).
The geophysical data shows a trench that is roughly the same length and width as Trench 2 shown on drawing.
However, the center of the trench appears to be roughly 20 meters to the west of its documented location. Within
the trench there are both metallic and nonmetallic debris that varies in concentration and depth of burial. Two
areas stand out within the trench that have significantly higher concentration of metallic debris that the rest of the
trench.

In the eastern half of the burial ground, a second trench was detected that correlates well with the documented
location of Trench 3 shown on drawing H1-2-55534 (Rockwell 1984). There appears to be a mixture of both
metallic and nonmetallic waste scattered throughout the trench. Four areas were identified that have significantly
higher concentration of metallic debris than other parts of the trench. The largest, most distinct feature appears to
be a flat topped, metallic object(s) near N172/E200.

218-E-5A Burial Ground

Interpretation of the geophysical data for 218-E-5A indicates it is an oblong shaped trench or pit containing a
significant amount of metallic debris or objects. The location correlates well with the location shown on drawing
11-2-55534 (Rockwell 1984).
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Figure A6-1. Geophysical Investigation Results, 218-E-5 and 218-E-5A Burial Grounds, 200 East Area, September 2005.
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Figure A6-2. Electromagnetic Induction (EM31) Data, 218-E-5 and 218-E-5A Burial Grounds, 200 East Area, September 2005.
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Figure A6-3. Total Magnetic Field (G-858G) Data, 218-E-5 and 218-E-5A Burial Grounds, 200 East Area, September 2005.
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Figure A6-4. Magnetic Field and Electromagnetic Induction Data Overlay, 218-E-5 and 218-E-5A Burial Grounds,
200 East Area, September 2005.
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A7.0 218-E-8 BURIAL GROUND GEOPHYSICAL INVESTIGATION
SUMMARY AND DATA PLOTS
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.

Site: 218-E-8 Burial Ground Document Number: Date: 10/08105
Sponsor/Contact: Greg Berlin/RH Phone: 509-376-2389
Location: 200-East Area
Objectives: Detect, map, and characterize buried waste within known burial grounds.

Investigators

Name: Bill Hudson Company CH2M HILL Inc.
Phone: 375-3444 E-Mall Bhudsonl@ch2m.com
Name: Tom Mitchell Company WCH
Phone: 372-9690 E-Mail Thmitche@wch-rcc.com
Name: Kevin Bergstrom Company WCH
Phone: 372-9591 E-Mail Kaberstr@wch-rcc.com

Site Description

Cultural Resource Setting: NA
Terrain: Ground slopes significantly from west to east across site. Some uneven terrain.
Vegetation: Primarily bunch grass, some Russian thistle
Soll/sediments/rock type: Primarily silt, some sand and gravel.
Anticipated Bedrock: Depth: NA Type: NA
Hydro properties: Dry at time of data collection
Obstacles: Contamination areas surround the site on three sides limiting the ability to collect radar data the

edge of the investigation area. The northwest corner of the investigation area is also posted as a
contamination area.

Site Limitations: Silty surface sediments may have limited depth of investigation of ground penetrating radar. Side
slope caused GPR antenna to move off data collection line to varying degrees as it was pulled
across the site.

Overall assessment otsite for Results of all methods do not correlate well, suggesting non-ideal conditions at
geophysical Investigations: the site with a corresponding reduction in confidence in results.

Equipment

Type/Model: Ground Penetrating Radar: GSSI SIRIOA, 200 MHz antenna (SIR10)
EMI (FDEM): Geonics EM31 Terrain Conductivity Meter (EM31)
Magnetic (Total Magnetic Field): Geometrics G-8580 Magnetometer/Gradiometer (G-858G)

Data Format: Disk E Tape . Hardcopy 0
Data Collection/Processing Parameters

Survey A 30 m x 120 m base grid was staked on 30 m centers using GPS by FH personnel.
Parameters/Grid: Contamination areas on three sides limited placement of some base grid stakes. A data

collection grid was marked by CH2M HILL personnel using pin flags placed at 6 m centers
between the 30 m stakes. Data positioning between pin flags was accomplished by pacing
(EM31) or interpolation between fiducial marks (G-858G and GPR).
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM.

Site: 218-E-8 Burial Ground Document Number: Date: 10/08/05
Sponsor/Contact: Greg Berlin/Fl Phone: 509-376-2389

Equipment Settings and GPR (SIR10) data were stacked @ 2x; 108 ns window, gains and filters set in field to match
Processing Parameters: soil conditions. Data were collected in continuous mode with fiducials placed nominally

every 30 m. Line spacing was 3 meters. Due to contamination areas and side slope, data
were collected in north-south direction only except for one east west line at N94 to cover a
high amplitude anomaly in the EM and magnetic data. Hard copy plots of data were printed
in the office on a thermal printer for interpretation.
EMI (EM31) data were collected at hip height in the vertical dipole mode on 1.5 m station
spacing and 3 m line spacing on north-south lines. Data were downloaded and written to an
xyz file using Geonics DAT3 I.exe. Data were gridded and plotted using Golden Software
SURFER.
Magnetic (G-858G) data were collected with sensors 0.5 and 1.5 meters above the ground in
continuous sampling mode with samples recorded every 0.5 seconds and fiducial positioning
marks placed every 30 meters, on lines spaced 3 meters apart. Data were collected in north-
south direction with the sensors oriented east-west at a 45 degrees angle to the horizon. Data
were downloaded and written to an xyz file using Geometrics MAGMAP2000.exe. Data
were gridded and plotted using Golden Software SURFER.

Summary of Results

Data Discussion

Refer to figures A7.1, A7-2, A7-3, and A7-4.

EMI data plots show a number of moderate to high amplitude isolated anomalies across the site. Magnetic data show
moderate to high amplitude anomalies primarily in two bands-one arching in a general north-south trend in the western
half of the investigation area; the other along the eastern edge of the area. There is good correlation between the highest
amplitude anomalies seen in the EMI and magnetic data. The magnetic data also show numerous low amplitude anomalies
scattered throughout the site.

GPR data show disturbed soils underlie most of the site. These disturbed soils may be masking deeper buried objects. In
some areas, individual anomalies are visible near the top of the disturbed soil zones. High amplitude anomalies are visible
in the GPR data in some locations that correlate with anomalies in the EMI and magnetic data. However, many of the EMI
and magnetic anomalies have no corresponding anomalies in the GPR data. This may be due to the objects being buried
too deep for the GPR to detect at this site. Depth of investigation with GPR can be significantly limited by surface
conditions. At this site, it is speculated that the silly surface sediments may be responsible for limiting the quality of the
GPR results. A large number of low amplitude, shallow anomalies may be caused by relatively large cobbles used as
backfill/covering material. If so. this material may also be compromising the GPR data.

Conclusigns

The geophysical data for this site shows no clear indications of any distinct trenches or large concentrations of buried
debris. Most of the site shows a scattering of anomalies of variable concentrations. There is a large variety in the
character and depths of the anomalies. Most anomalies appear to be from buried debris, but some may represent changes
in the character of the soil.

Three distinct zones were identified that have the character of a small pit. These zones appear to contain an isolated,
relatively large metallic object, or several smaller metallic objects in close proximity to each other.

A zone of anomalies along the eastern edge of the site includes a variety of scattered anomalous features that are more
concentrated than found throughout the rest of the site. There appears to be a change in the nature of the soil in this zone,
but the data suggest that there is also scattered buried debris. However, it is not clear whether most of the anomalous
signature is from the changing soil or the volume of buried debris. This enigmatic zone appears to extend beyond the east
boundary of the site as defined by the chain and burial ground monuments.
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Figure A7-I. Geophysical Investigation Results, 218-E-8 Burial Ground,
200 East Area, September 2005.
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Figure A7-2. Electromagnetic Induction (EM31) Data, 218-E-8 Burial Ground,
200 East Area, September 2005.
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Figure A7-3. Total Magnetic Field (G0858G) Data, 218-E-8 Burial Ground,
200 East Area, September 2005.
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Figure A7-4. Magnetic Field and Electromagnetic Induction Data Overlay,
218-E-8 Burial Ground, 200 East Area, September 2005.
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APPENDIX B

OVERLAYS OF GEOPHYSICAL INTERPRETATIONS WITH SITE DRAWINGS
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APPENDIX B

OVERLAYS OF GEOPHYSICAL INTERPRETATIONS WITH SITE DRAWINGS

This appendix presents the geophysical results, overlaid on a site drawing that shows the
expected locations of trenches within the burial grounds investigated (Figures B1-B6).

Reconciling the geophysical results with what is known or suspected about the buried waste at
these burial grounds was not part of the scope of this project. However, as discussed in the text,
a first step towards reconciliation was performed by overlaying the geophysical interpretations
with the site drawings provided. These overlays are presented for informational purposes only.

Alignment and scale on the overlays were achieved using coordinates on the various drawings
and standard conversions between old Hanford Site coordinate systems and new state plane
systems. The drawings generally were enlarged for these displays. Enlargement can distort
feature size and locations (e.g., line widths can become the equivalent of tens of feet on the
ground). While the scale and alignment are considered generally good, they have not been fully
checked and verified for absolute accuracy.

A corresponding overlay drawing for the 218-C-9 Burial Ground has not been created because
no Hanford Site drawing was available for this burial ground.

FIGURES

Figure B-1. Geophysical Results Overlaid on Drawing H-2-2516, 218-W-1A Burial
Ground, September 2005......................................................................................... B-2

Figure B-2. Geophysical Results Overlaid on Drawing H-2-32095, 218-W-2A Burial
Ground, September 2005......................................................................................... B-3

Figure B-3. Geophysical Results Overlaid on Drawing H-2-94250, 218-W- I Burial
Ground, September 2005......................................................................................... B-4

Figure B4. Geophysical Results Overlaid on Drawing H-2-55534, 218-E-2A Burial
Ground, September 2005..................................................................................... B-5

Figure B-5. Geophysical Results Overlaid on Drawing H-2-55534, 218-E-5 and
218-E-5A Burial Grounds, September 2005........................................................... B-6

Figure B-6. Geophysical Results Overlaid on Drawing H-2-33276, 218-E-8 Burial
Ground, September 2005......................................................................................... B-7
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Figure B-1. Geophysical Results Overlaid on Drawing H-2-2516,
218-W-lA Burial Ground, September 2005.
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Figure B-2. Geophysical Results Overlaid on Drawing H-2-32095,
218-W-2A Burial Ground, September 2005.
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Figure B-3. Geophysical Results Overlaid on Drawing H-2-94250, 218-W-1 1 Burial Ground, September 2005.
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Figure B-4. Geophysical Results Overlaid on Drawing H-2-55534, 218-E-2A Burial Ground, September 2005.
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Figure B-6.
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APPENDIX C

SOFTWARE VERIFICATION AND VALIDATION DATA FILE
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APPENDIX C

SOFTWARE VERIFICATION AND VALIDATION DATA FILE

To demonstrate proper contour calculation and placement, a regular grid of arbitrary numbers
was created and processed by the software. Figure 8 in the text presents the location and values
that are in the data file. Superimposed over the data values are the contour intervals that were
calculated and placed by Surfer. Inspection of Figure 8 indicates that the software correctly
places the contours at the proper location and with the proper values, based on the data that it
was supplied. The entire data file is presented in Table C-1.
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Table C-1. Software Verification and Validation Data File. (7 Pages)
x Y z . x y z x y z

100 100 3 100 110 3 100 120 3

105 100 3 105 110 3 105 120 3

110 100 3 110 1t0 3 110 120 3
115 100 3 115 110 3 115 120 3

120 100 3 120 110 3 120 120 3

125 100 3 125 110 3 125 120 3
130 100 3 130 110 3 130 120 3
135 100 3 135 110 3 135 120 3
140 100 3 140 110 3 140 120 3

145 100 3 145 110 3 145 120 3

150 100 3 150 110 3 150 120 3

155 100 3 155 110 3 155 120 3

160 100 3 160 110 3 160 120 3
165 100 3 165 110 3 165 120 3
170 100 3 170 110 12 170 120 12

175 100 3 175 110 12 175 120 12

180 100 3 180 110 3 180 120 3

185 100 3 185 110 3 185 120 3

190 100 3 190 110 3 190 120 3
195 100 3 195 110 3 195 120 3
200 100 3 200 110 3 200 120 3
205 100 3 205 110 3 205 120 3

210 100 3 210 110 3 210 120 3

215 100 3 215 110 3 215 120 3
220 100 3 220 110 3 220 120 3
225 100 3 225 110 3 225 120 3

100 105 3 100 115 3 100 125 3
105 105 3 105 115 3 105 125 3
120 105 3 110 115 3 110 125 3

115 105 3 115 115 8 115 125 3

120 105 3 120 115 8 120 125 3

125 105 3 125 115 8 125 125 3
130 105 3 130 115 3 130 125 3

135 105 3 135 115 3 135 125 3

140 105 3 140 115 3 140 125 3

145 105 3 145 115 3 145 125 3

150 105 3 150 115 3 150 125 3

135 105 3 155 115 3 155 125 3
260 105 3 160 115 3 160 125 3
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Table C-1. Software Verification and Validation Data File. (7 Pages)
x Y zy x y

165 105 3 165 115 3 165 125 3

170 105 12 170 115 12 170 125 12

175 105 12 175 115 12 175 125 12

ISO 105 3 ISO 115 3 ISO 125 3

185 105 3 185 115 3 ISS 125 3

190 105 3 10 115 3 190 125 3

195 105 3 195 115 3 195 125 3

200 105 3 200 115 3 200 125 3

205 105 3 205 115 3 205 125 3

210 105 3 210 115 3 210 125 3

215 105 3 215 115 3 215 125 3

220 105 3 220 115 3 220 125 3

225 105 3 225 115 3 225 125 3

100 130 3 100 140 3 100 ISO 3

105 130 3 105 140 3 105 150 3

110 130 3 110 140 3 110 150 3

115 130 8 115 140 8 115 150 3

120 130 12 120 140 8 120 150 3
125 130 8 125 140 8 125 150 3
130 130 3 130 140 3 130 150 3
135 130 3 135 140 3 135 150 3

140 130 3 140 140 3 140 150 3

145 130 3 145 140 3 145 150 3

150 130 3 150 140 3 150 150 3

155 130 3 155 140 3 155 150 3

160 130 3 160 140 3 160 150 3

165 130 3 165 140 3 165 ISO 3
170 130 3 170 140 3 170 150 3

175 130 3 175 140 3 175 150 3
180 130 3 180 140 3 180 150 3
185 130 3 185 140 3 185 150 3

190 130 3 190 140 3 190 150 3

195 130 3 195 140 3 195 150 3

200 130 3 200 140 3 200 150 3

205 130 3 205 140 3 205 150 3
210 130 3 210 140 3 210 150 3
215 130 3 215 140 3 215 150 3

220 130 3 220 140 3 220 150 3

225 130 3 225 140 3 225 150 3

100 135 j3 100 145 3 100 1S5 3

1 -05 135 3___ 105 145 3 105 155 3
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Table C-1. Software Verification and Validation Data File. (7 Pages)
x Y j z x Y z x y z

]1o 135 3 110 145 3 110 155 3
115 135 8 115 145 3 115 155 3
120 135 12 120 145 3 120 155 3
125 135 8 125 145 3 125 155 3
130 135 3 130 145 3 130 155 3

135 135 3 135 145 3 135 155 3
140 135 3 140 145 3 140 155 3
145 135 3 145 145 3 145 155 3
150 135 3 150 145 3 150 155 3
155 135 3 155 145 3 155 155 3
160 235 3 160 145 3 160 255 3
165 135 3 165 145 3 165 2 55 3
170 135 3 170 145 3 170 155 3

175 135 3 175 145 3 175 155 3
1S0 135 3 IS0 145 3 280 155 3

185 135 3 185 145 3 185 155 3

190 135 3 290 145 3 190 155 3
195 133 3 195 245 3 1195 155 3
200 135 3 200 145 3 200 155 3

205 135 3 205 145 3 205 155 13

210 135 3 210 145 3 210 155 3

215 135 3 215 145 3 215 135 3

220 135 3 220 145 3 220 155 3

100 160 3 100 170 3 100 180 3

105 160 3 105 170 3 105 180 3

110 160 3 110 270 3 210 180 3

115 160 3 125 270 3 125 180 3
120 160 3 120 170 3 220 1180 3
125 160 3 15 170 3 125 180 3

230 160 3 130 170 3 230 1S0 3

235 160 3 135 170 3 135 180 3
140 160 3 140 170 3 140 180 3
145 160 3 145 170 3 145 180 3

150 160 3 150 170 3 150 180 3

155 160 3 155 170 3 155 280 3

160 160 3 160 170 3 160 I80 3

165 160 3 165 170 3 165 180 3
170 160 3 170 170 3 170 180 -12

175 160 3 175 170 3 175 180 -12

180 160 3 180 170 3 2 80 180 -12
15 160 3 285 170 3 1185 180 1-12
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Table C-1. Software Verification and Validation Data File. (7 Pages)
x Y z x y z x y

190 160 3 190 170 3 190 180 -12
195 160 3 195 170 3 195 180 -12
200 160 3 200 170 3 200 180 -12
205 160 3 205 170 3 205 180 3
210 160 3 210 170 3 210 180 3
215 160 3 215 170 3 215 180 3
220 160 3 220 170 3 220 180 3
225 160 3 225 170 3 225 1SO 3

100 165 3 100 175 3 100 185 3
105 165 3 105 175 3 105 185 3
110 165 3 110 175 3 110 185 3
115 165 3 115 175 3 115 185 3

120 165 3 120 175 3 120 185 3
125 165 3 125 175 3 125 185 3
130 165 3 130 175 3 130 185 3

135 165 3 135 175 3 135 185 3
140 165 3 140 175 3 140 185 3
145 165 3 145 175 3 145 185 3
150 165 3 ISO 175 3 150 185 3

155 165 3 155 175 3 155 185 3
160 165 3 160 175 3 160 185 3
165 165 3 165 175 3 165 185 3
170 165 3 170 175 3 170 185 .12

175 165 3 175 175 3 175 185 -12
I80 165 3 180 175 3 180 185 3
185 165 3 185 175 3 185 185 3
190 165 3 190 175 3 190 185 3
195 165 3 195 175 3 195 185 3

200 165 3 200 175 3 200 185 3
205 165 3 205 175 3 205 185 3
210 165 3 210 175 3 210 185 3

215 165 3 215 175 3 215 185 3

220 165 3 220 175 3 220 185 3

225 165 3 225 175 3 225 185 3

100 190 3 100 200 3 100 210 3

105 190 3 105 200 3 105 210 3

110 190 3 110 200 3 110 210 3
11S 190 3 115 200 3 115 210 18

120 190 3 120 200 3 120 210 18
125 190 3 125 200 3 125 210 18

130 190 3 130 200 3 130 210 18
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Table C-1. Software Verification and Validation Data File. (7 Pages)
x Y z x y z x y z

135 190 3 135 200 3 135 210 18
140 190 3 140 200 3 140 210 Is
145 190 3 145 200 3 145 210 18
150 190 3 150 1200 3 ISO 210 18
155 190 3 155 200 3 155 210 18
160 190 3 160 200 3 160 210 18
165 190 3 165 200 3 165 210 is
170 190 -12 170 200 3 170 210 18
175 190 -12 175 200 3 175 210 Is
180 190 3 180 200 3 180 210 38
185 190 3 185 200 3 185 210 is
190 190 3 190 200 3 190 210 12
195 190 3 195 200 3 195 210 12
200 190 3 200 200 3 200 210 12
205 190 3 205 20D 3 205 210 12
210 190 3 210 200 3 210 210 12
215 190 3 2135 200 3 215 210 3
220 190 3 220 200 3 220 210 3
225 190 3 225 200 3 225 210 3

100 195 3 100 205 3 100 215 3
105 195 3 105 205 3 105 215 3
11o 195 3 110 205 3 110 215 s
115 195 3 115 1205 3 115 215 18
120 195 3 120 205 3 120 215 i8
125 195 3 125 205 3 125 215 18
130 195 3 30 205 3 130 215 18
135 195 3 135 205 3 135 215 is
140 195 3 140 205 3 140 215 18
145 195 3 145 205 3 145 215 18
150 195 3 150 205 3 150 215 18
155 195 3 155 205 3 155 215 18
160 195 3 160 205 3 160 215 18
165 195 3 165 205 3 165 215 1s
170 195 .12 170 205 3 170 215 1
175 195 -12 175 205 3 175 215 18

18O 195 3 180 205 3 180 215 18
185 195 3 185 205 3 185 215 is
190 195 3 190 205 3 190 215 18
195 195 3 195 205 3 195 215 18

200 195 3 200 205 3 200 215 18
205 195 3 205 205 3 205 215 18

C-6



Page 134 of 137 of DA02538163

D&D-28379 REV I

Table C-1. Software Verification and Validation Data File. (7 Pages)
x Y z x y z x y z

210 195 3 210 205 3 210 215 is
215 195 3 215 205 3 215 215 3
220 195 3 220 205 3 220 215 3
225 195 3 225 205 3 225 215 3
100 220 3
105 220 3
110 220 3
115 220 3
120 220 3
125 220 3
130 220 3
135 220 3 ____

140 220 3 ____

145 220 3
150 220 3
155 220 3
160 220 3 _ _ _ _

165 220 3
170 220 3
175 220 3
1S0 220 3
185 220 3 ____ ____

190 220 3
195 220 3
200 220 3
205 220 3
210 220 3 ___ ___ ____

215 220 3
220 220 3
225 220 3

100 225 3
105 225 3 ____

110 225 3
115 225 3 __ __

120 225 3
125 225 3
130 r.5 3 ____

135 225 3 ____

140 225 3
145 225 3
150 225 3 __
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Table C-1. Software Verification and Validation Data File. (7 Pages)

x Y z x y z x y z
155 225 3

160 225 3_ __ _ _

165 225 3

170 225 3
175 225 3
180 225 3
185 225 3
190 225 3
195 225 3
200 225 3

205 225 3 ____

210 225 3

15 225 3

20 25 3 
_ _ _ _

2L5 225 3
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1.0 INTRODUCTION

This document summarizes the results of geophysical investigations conducted at eight burial
grounds located within the 200 East and 200 West Areas of the Hanford Site. The geophysical
investigations were performed by North Wind, Inc., (North Wind) for Fluor Hanford, Inc., (Fluor
Hanford) during June 2006. The geophysical techniques used in the investigations were ground-
penetrating radar (GPR), electromagnetic induction (EMI), and total magnetic field (magnetic)
methods.

1.1 SCOPE AND OBJECTIVES

The following burial grounds were investigated:

. 218-E-1

. 218-E-2A
* 218-E-8
. 218-E-12A
. 218-W-1
* 218-W-2
. 218-W-3
* 218-W-11.

The geophysical surveys were reconnaissance-type surveys that were aimed at defining the
following characteristics:

* Locations of burial ground trench edges, ends, and centerlines

. Locations of buried waste or other significant features/anomalies

* Presence and extent of voids within a given trench

* Definition of most likely waste container type (for example, wood, metal boxes, metal
drums, cardboard, and/or waste item)

* Differentiation between different types of waste containers within a given trench

* Depth of soil cover above waste items

" Depth to trench bottom (where possible).

1.2 BACKGROUND

Characterization of waste placed in 200 Areas burial grounds is being performed to evaluate
waste site conditions and to evaluate remediation alternatives to support cleanup/closure under
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980. The
waste sites addressed in this report are included in the 200-SW-2 Radioactive Landfills and

1-1
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Dumps Operable Unit. Per a 2005 agreement between the U.S. Department of Energy, Richland
Operations Office and the Washington State Department of Ecology, nonintrusive geophysical
investigations should be performed to enhance conceptual site models for the 200-SW-2
Operable Unit burial grounds. The enhanced conceptual site models then are to be used during
future collaborative data quality objectives development; the data quality objectives will, in turn,
be used to support development and eventual approval of a sampling and analysis plan and a
remedial investigation/feasibility study work plan for the 200-SW-2 Operable Unit waste sites.

An initial phase of geophysical investigations was performed at eight burial grounds waste sites
in 2005 and documented in D&D-28379, Geophysical Investigations Summary Report; 200 Area
Burial Grounds: 218-C-9, 218-E-2A, 218-E-5, 218-E-5A, 218-E-8, 218-W-1A, 218-W-2A, and
218-W-11. Data from these previous investigations indicated that three of the eight burial
grounds investigated (218-E-2A, 218-E-8, 218-W-1 1) may have areas where the burial trenches
extend beyond the areas initially surveyed. The current investigation, as described in this report,
was designed to resolve these potential discrepancies. In addition, new geophysical
investigations were performed at five older/inactive burial grounds (218-E-1, 218-E-12A,
218-W-1, 218-W-2, and 218-W-3).

1.3 GEOLOGIC SETTING

The depth of investigation for the geophysical instruments used in this work was limited to
approximately 3 to 4 m. Therefore, only the shallowest aspects of site geology are pertinent to
this investigation. Those aspects of the site geology are the Hanford formation and the surficial
sediments.

The Hanford formation is the shallowest geologic formation recognized at the Hanford Site and
consists of deposits of poorly sorted gravels and coarse sands indicative of a high-energy
depositional environment. The surficial sediments overlying the Hanford formation are
primarily eolian loess interspersed with lenses of sand and mixed gravels.

A comprehensive summary of the geology of the Hanford Site is presented in
WHC-SD-EN-EE-004, Revised Stratigraphy for the Ringold Formation, Hanford Site,
South-Central Washington.

1-2
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2.0 METHODOLOGY

2.1 SURVEY GRID PARAMETERS

Fluor Hanford provided site drawings showing civil survey coordinates to North Wind to
develop base grids at each site. Using the drawings, North Wind determined Washington State
Plane coordinates (NAD83, North American Datum of 1983, as revised) to create base grids with
30 m nodes throughout the individual sites. The state plane coordinates were given to Fluor
Hanford civil survey personnel who used global-positioning-system (GPS) instrumentation to
stake the base grids in the field. North Wind personnel then marked data collection lines at 6 m
intervals between the 30 m nodes, using nonmetallic, fluorescent pin flags.

Operators used the fluorescent pin flags to "dead-reckon" data collection along and in between
the marked lines. Data positioning along the lines was accomplished by careful pacing or by
marking 30 m fiducials, depending on the instrument.

The geophysical data plots are presented in local grid coordinates. The local grids generally
were established by assigning to the southwestern-most base grid node the arbitrary location of
North 100, East 100 (N100IE100). Positions (positive north and positive east) then were
measured (in meters) from this local origin. In some instances, the grids were expanded south
and/or west after establishment and therefore have coordinates less than N100/E100. The
interpretation drawings for each site show Washington State Plane coordinates (in meters) for
selected grid nodes, allowing a tie between them and the local grid coordinates.

2.2 GEOPHYSICAL METHODS

The geophysical techniques used in the investigations were the EMI, total magnetic field, and
GPR methods. These methods were selected because they are cost effective and nonintrusive
and have been successful in similar waste characterization projects conducted at the Hanford
Site.

2.2.1 Frequency-Domain Electromagnetic Induction

The Geonics EM31 Terrain Conductivity Meter' is a frequency domain EMI instrument that is
designed to measure the apparent electrical conductivity of soil and to detect ferrous and
nonferrous metal objects to a depth of approximately 3 to 4 m (in ideal situations). The EM31
meter consists of a transmitter coil and receiver coil at either end of a 4 in-long boom. The
transmitter generates pulses of electromagnetic energy (the primary field) at regular intervals,
which are transmitted into the ground, where they induce eddy currents in electrically conductive
material (soil and/or metal objects). The induced eddy currents generate their own

'Geonics EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.
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electromagnetic field (the secondary field), which transmits back toward the instrument. The
receiver coil on the EM31 meter measures and records the strength of the secondary field both in
phase and out of phase with the primary field transmitter. The in-phase component of the
measurement is most strongly influenced by the presence of metallic objects in the subsurface,
while the out-of-phase component (quadrature component) is directly related to the electrical
conductivity of the surrounding soil.

The in-phase component reading is given in parts per thousands of the amplitude of the
secondary signal to the primary signal. The out-of-phase component reading is given in units of
electrical conductivity (millisiemens per meter [mS/m]), which is the apparent conductivity of
the soil in the vicinity of the instrument, assuming homogeneous conditions. This assumption
becomes less valid in the presence of metal or other significant conductivity changes. However,
generally it is the contrasts in conductivities that are used for interpretation, not the absolute
values, so the validity of the assumption usually is irrelevant.

The EM31 meter is an ideal instrument for waste site characterization because of the relative
speed and ease with which it can cover an area. The normal mode of operation is to mark out
regularly spaced data collection lines and then walk down the lines with the instrument held at
hip height, collecting data at regularly spaced intervals. Both the in-phase and out-of-phase
(terrain conductivity) measurements are collected and plotted for analysis. The instrument is
most useful for locating large concentrations of buried metallic objects and for detecting subtle
shifts in background soil properties. While the EM31 meter is capable of detecting drum-size
metallic objects to a depth of 3 to 4 m in ideal situations, the lateral resolution of the position of
detected objects is on the order of +/- 1 m.

Conditions that limit the detection capability of the EM31 meter include high-background soil
conductivities and proximity to cultural interference such as buildings and fences. High soil
conductivities have the effect of limiting the depth of investigation of the instrument, because
they significantly attenuate the propagation of the primary and secondary fields. (This is the
same phenomenon that limits GPR depth of investigation in areas of high soil conductivity.)
Large, metallic surface cultural features can effectively swamp the signal of the EM31 meter out
to a distance of approximately 5 to 7 m. Sites with a significant number of buried utilities also
may generate data that are difficult to interpret.

2.2.1.1 EM31 Data-Collection Procedures

Data-collection procedures are discussed in detail in Geonics, 1994, EM31 Terrain Conductivity
Operating Manual. The EM31 meter has the following specific key data-collection and
-processing attributes.

. Perform functional checks as outlined in the manufacturer-supplied operator's manual.

* Collect the data along profiles that are spaced a predetermined distance apart (data points
are located at evenly spaced distances along the individual profiles).

* Estimate visually or pace the location of data points collected between surveyed grid
points.

2-2
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2.2.1.2 EM31 Data-Processing Procedures

The EM31 meter has the following specific data-processing parameters.

* Edit the data for mislabeled lines, view in raw form along each profile, and convert to
XYZ.dat files.

* Contour the data with the grid nodes at the actual data points (with close-spaced data)

using Golden Software's Surfer2 or equivalent.

2.2.2 Time-Domain Electromagnetic Induction

The Geonics EM61-MK2 High Sensitivity Metal DetectoP (EM61) is a highly sensitive, high-
resolution time-domain electromagnetic tool that is commonly used to detect shallow (<3 m)
ferrous and nonferrous objects. It consists of a transmitter that generates a pulsed primary
magnetic field, which induces eddy currents in buried objects. The decay of these currents is
measured over time by two receiver coils. The response is recorded in the field and later
transferred to a computer for further processing and analysis.

The amplitude of the response is highly dependent upon the distance between the coil assembly
and the target; therefore, small near-surface anomalies often will produce a response that has
larger amplitude than much larger targets that are deeper. To reduce this effect, the EM61 metal
detector uses two coils and processes the data by subtracting the response of a coil that is
relatively close to the ground from the response from the more distant upper coil.

The arrangement of the coils makes the tool less sensitive to interference from nearby surface
features such as fences. The EM61 metal detector provides good lateral discrimination of the
detected features.

2.2.2.1 EM61 Data-Collection Procedures

Data-collection procedures are discussed in detail in Geonics, 2000, EM61-MK2 4 Channel High
Sensitivity Metal Detector Operating Manual. Specific key data-collection and -processing
attributes are described below.

* Perform functional checks as outlined in the operator's manual supplied by the
manufacturer.

" Collect the data along profiles spaced a predetermined distance apart at data points along
individual profiles at evenly spaced distances.

2 Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

3 Geonics EM61-MK2 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.
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* Estimate visually or pace the location of data points collected between surveyed grid
points.

2.2.2.2 EM61 Data-Processing Procedures

Specific data processing parameters are described below.

" Edit the data for mislabeled lines, view in raw form along each profile, and convert to
XYZ.dat files.

. Contour the data with the grid nodes at the actual data points (with close-spaced data)
using Golden Software's SURFER or equivalent.

2.2.3 Total Magnetic Field / Vertical Magnetic
Gradient

A magnetometer measures the intensity of the earth's magnetic field. The presence of ferrous
material, man-made or natural, creates local variations in the strength of the earth's overall
magnetic field. These variations are proportional to several factors, including the mass of the
ferrous material and the distance between the ferrous material and the detector. The distance is
significant, because it changes the response by a factor of one over the distance cubed. The
primary measurement that will be taken is the total magnetic field (TMF) intensity. The TMF, as
the name implies, is a summation of all of the magnetic variables around the sensor. When the
ferromagnetic sources are close to the detedtor, large variations in the TMF can occur.
Therefore, it often is difficult to differentiate individual anomalies based on the TMF alone.

To improve the resolution of a magnetic survey, the vertical magnetic gradient also can be
measured. This is accomplished by making two simultaneous TMF measurements at each data
point, using two sensors separated by a fixed vertical distance. The difference between the two
measurements is the vertical magnetic gradient (hereinafter referred to in this document as the
magnetic gradient). The response to ferrous material falls off at a rate of one over the distance to
the fourth power. Because of this, the magnetic gradient measurement should help differentiate
individual anomalies and waste boundaries better than the TMF alone. Both the TMF and the
magnetic gradient values typically are displayed on contour maps for analysis.

A Geometrics G-858G Magnetometer/Gradiometer4 consists of two cesium vapor
magnetometers. The magnetometers are mounted vertically on a pole with a 0.75 m separation.
This configuration is used to collect vertical gradient data. Each magnetometer independently
records the total field magnetic intensity. The gradient measurement is the difference in the total
field measurements between the two sensors. In essence, a single recording location consists of
three values: a total field measurement from the upper sensor, a total field measurement from
the lower sensor, and the magnetic gradient value.

'Geometrics G-858G Magnetometer/Gradiometer is a trademark of Geometrics, Inc., San Jose, California.
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Three types of errors occasionally occur during data collection with the G-858G magnetometer/
gradiometer. The first type of error is a consequence of the cesium sensors being insensitive to
magnetic fields in certain orientations, creating "dead zones." To reduce this error, each sensor
was oriented to a position that would minimize dead-zone readings. The second type of
erroneous reading occurs when a recording is taken too close to a magnetically sensitive ferrous
feature. This can result in a "null" reading. The bottom sensor typically is more sensitive to null
readings, because it usually is the closest to magnetically sensitive ferrous objects. The third
type of error is caused by poor connections between the sensors and the control unit.

Geometrics equipment provides some safeguards against these errors: an audio warning and
a visual warning. The audio warning often is ineffective in noisy areas. Monitoring the data
visually also has its limitations because of sun glare on the control unit screen. When erroneous
readings are identified in the field, those data points typically are edited and re-collected. If they
are not identified in the field, they can be noted during the data-reduction phase and can be
edited at that time. If a null reading is recorded on either sensor, the gradient data are erroneous
and also must be edited. The editing during data reduction typically has minimal effect on the
results because of the close spacing of the individual data points.

2.2.3.1 Magnetic Data-Collection Procedures

Data-collection procedures are discussed in detail in Geometrics, 2001, G-858 MagMapper
25309-OM, Rev. D, Operations Manual. The G-858G magnetometer/gradiometer has the
following specific key data collection attributes.

" The cesium vapor magnetic sensors need to warm up before data collection begins at
each site. The warming up of the sensors is monitored on the control unit.

* Functional checks should be performed as outlined in the manufacturer-supplied
operator's manual.

* Data typically are collected along profiles spaced a specified distance apart. The data are
collected along the individual profiles at evenly spaced distances, either discretely or at
constant time intervals, while walldng at a constant rate.

2.2.3.2 Magnetic Data Processing Procedures

Specific data-processing procedures are as follows.

* Download the magnetic field data to a laptop computer via Geometrics software,
MagMap2000 5.

* Edit the data with all null readings (sensor failures) removed from the data.

5Geometrics MagMap2000 is a trademark of Geometrics, Inc., San Jose, California.
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. Convert the data files to XYZ.dat format, which is compatible to Golden Software's
Surfer or equivalent.

* Contour the data using "standard" contour packages such as Surfer software. Contour
maps are the foundation for interpretation.

2.2.4 Ground-Penetrating Radar

Ground-penetrating radar uses a transducer to transmit frequency modulation (FM) frequency
electromagnetic energy into the ground. Interfaces in the ground, defined by contrasts in
dielectric constants, magnetic susceptibility, and, to some extent, electrical conductivity, reflect
the transmitted energy. The GPR system then measures the travel time between transmitted
pulses and the arrival of reflected energy. Buried objects (such as pipes, barrels, foundations,
wires) can cause all or a portion of the transmitted energy to be reflected back toward a receiving
antenna. Geologic features such as cross-bedding, lateral and vertical changes in soil properties,
and rock interfaces also can cause reflections of a portion of the electromagnetic (EM) energy.

The velocity of the EM energy primarily is controlled by the dielectric constant and magnetic
susceptibility of the medium. For calculating depth, values of EM velocities are determined by
measurement, experience in an area, ties to known buried reflectors, and knowledge of the
subsurface medium.

The effective depth of investigation is a function of the transmitted power, receiver sensitivity,
frequency of the antenna, and attenuation of the transmitted energy from the geologic medium.
The maximum depth of investigation may vary significantly as a result of changing soil
conditions. High attenuation and, therefore, smaller penetration depths of the EM energy
typically occur where the soil conductivity is greater than 10 mS/m and/or in areas with
numerous reflective interfaces. Depth of investigation also is affected by highly conductive
material, such as metal drums or pipes, that essentially reflects all the energy. The method
cannot "see" directly below areas of highly reflective material, because all of the energy is
reflected.

The reflected energy provides the means for mapping the subsurface features of interest, whether
synthetic or geologic. Display and interpretation of GPR data are similar to that of seismic
reflection data (i.e., data displayed as horizontal distance versus time depicting pseudo
cross-sections of the earth). When numerous adjacent profiles are collected, often in two
orthogonal directions, a plan-view map showing the location and depth of the detected features
can be generated.
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2.2.4.1 Ground-Penetrating Radar Data Collection Procedures

Generic data collection procedures are discussed in detail in Geophysical Survey Systems, 1993,
SIR-10A User's Manual. The subsurface interface radar, or SIR-10A6 , has the following specific
key data-collection and -processing attributes.

" Select the antenna best suited to meet the survey objectives.

" Set the filters, gains, and other data-collection parameters best suited for the local soil
conditions.

" Pull the antenna along a series of parallel profiles within the established survey grid, then
collect data along profiles in the orthogonal direction, specifically when mapping
unknown linear features in various orientations.

" Record the data on the system hard drive.

. Conduct post-processing of data if warranted, and print records for interpretation.

" Interpret data using all available historical records, drawings, maps of surface features,
and other geophysical data sets.

For these investigations, GPR data were collected by mounting the control instrumentation inside
an all-terrain vehicle and pulling the antenna in a sled behind the vehicle.

2.2.4.2 Ground-Penetrating Radar Data-Processing Procedures

Data processing of the GPR data consisted of applying various horizontal filters as necessary
before printing the data records for interpretation. The horizontal filters, when used, had the
effect of removing coherent noise and/or background information so that anomalies were more
visible in the records. When filters were used on records, unfiltered data also were plotted to
give multiple images of the data for interpretation.

2.3 APPROACH TO DATA COLLECTION

Data collection lines were marked out such that EM31 meter and magnetic data would be
collected perpendicular to the predicted centerlines of the trenches within a burial ground. This
orientation offers the highest possibility of detecting anomalies caused by trench contents
relative to background readings. In each of the investigations, the EM31 meter and magnetic
field data were collected along profiles spaced 3 m apart. For the magnetic field data, recordings
were at a constant time interval of 0.5 s, yielding data-point recordings approximately every
0.5 m. In the EM31 data, recordings were taken at 1.5 m intervals (paced) along each profile.
Data were downloaded from the field instruments daily and reviewed regularly.

6 SIR-10A is a trademark of Geophysical Survey Systems, Inc., North Salem, New Hampshire.
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GPR data were collected both perpendicular to and parallel to the trench strike except at the
218-E-2A Burial Ground, where railroad tracks prevented GPR data collection in both directions.
The GPR data were collected in a continuous mode along each profile. Profile spacing varied
from 2 m to 15 m to provide regional coverage. Preliminary plots of the EM31 meter and
magnetic field data were used to locate specific GPR profiles, at the closer profile spacing, over
anomalies of interest.

EM61 metal detector data were collected at the 218-E-2A and 218-E-8 Burial Grounds. Profiles
were spaced 1.5 m apart, with data recordings at 0.19 m along the profiles. Details of the data
collection at each burial ground are discussed in the site investigation summaries (Appendix A).
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3.0 RESULTS

Summary-level interpretations of the geophysical data are presented in Figures 1 through 7.
These interpretation maps represent an integration of all of the geophysical data and other site
information and engineering drawings, as available. Note that on the interpretation drawings,
depths are presented in decimeters; 1 dm equals 1/10 m. Decimeters are used on drawings to
avoid using decimal points, which often are lost when drawings are copied and transmitted.

Appendix A presents plots of the EMI and magnetic data collected, along with details of the
investigation at each site. The large volume of GPR paper records makes presentation of these
data impractical; they will be retained in the 200-SW-2 Operable Unit Project File for reference.

Appendix B presents overlays of the geophysical interpretation maps with Hanford Site
H-2 drawings for each burial ground. When computer-aided drafting and design versions of the
engineering drawings were not available, then the scanned versions typically were enlarged for
these displays. Enlargement can distort feature size and locations (for example, line widths can
become the equivalent of many feet on the ground). While the scale and alignment are
considered generally good, they have not been fully checked and verified for absolute accuracy.
Therefore, these overlays should be used for information only.

3.1 GEOPHYSICAL DATA INTERPRETATION

Interpreting geophysical data requires some art as well as science. Each site investigated has a
unique combination of soil conditions, types of buried debris, and surrounding cultural
interferences. Therefore, data presentation and interpretation approaches may vary slightly from
site to site. For example, the type of data (EMI, magnetic, or GPR) that is most useful at one site
may not be as important at another site because of soil/geologic conditions, depths of burial,
types of burial material, and background "noise." The amplitude scale or other plot parameters
for single data types may be varied between sites to highlight information. Experience of the
interpreter is invaluable in assessing all of the available data to arrive at a confident
interpretation for each site. The following paragraphs discuss some aspects of interpreting the
different types of geophysical data collected in this investigation.

EMI data interpretation typically involves looking for horizontal contrasts in readings of the two
components recorded. Absolute amplitude and the rate of change in amplitude also may be
analyzed. These observations are used to identify anomalous locations. Anomalies then are used
to infer the location of buried objects and/or debris. Comparing the presence of in-phase versus
terrain conductivity (quadrature-phase) anomalies gives additional information. The in-phase
component is significantly more sensitive to large, discrete metallic objects than the quadrature
phase. The quadrature phase, in general, is more sensitive to long, extended targets such as
pipelines and to the overall terrain conductivity.

Magnetic field data are interpreted by identifying contrasts (anomalies) in readings that are
indicative of buried ferrous (iron-containing) metal objects. The locations of the anomalies are
used to infer the location of buried objects or debris. As discussed in Section 2.2.3, the magnetic
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data of the most use are the vertical gradient readings of the total magnetic field. For simplicity
of data plotting, the absolute value of the vertical field often is used to minimize the dipole effect
produced by some anomalies.

GPR data are interpreted by locating anomalies on the paper data records and then determining
their depth and spatial location. The location and depth of the anomalies are hand plotted onto a
map of the site by the interpreter. A representative number of these anomalies are then digitized
in computer-aided drafting and design software to be plotted on the interpretation map. Because
of the large number of anomalies normally interpreted in GPR data, the discretion of the
interpreter is used to decide which anomalies get transferred to the computer-aided drafting and
design drawing to indicate the important information about the site. On Figures 1 through 7, the
majority of the anomaly locations and depths are taken directly from the GPR data.

3.2 GENERAL DISCUSSION OF RESULTS

The geophysical surveys were reconnaissance-type surveys that were aimed at defining the
characteristics listed in Section 1.1. Following is a discussion of the specific objectives of the
geophysical investigations and how they were addressed.

* Locations of burial ground trench edges, ends, and centerlines. The geophysical
methods employed for this investigation were successful at detecting and mapping the
general location of buried objects within the target burial grounds. Where objects and
debris were in concentrated packages, the edges, ends, and centerlines of trenches could
be determined. Additionally, at several of the sites, GPR results enabled mapping of the
excavation boundaries for the pits/trenches.

" Locations of buried waste or other significant features/anomalies. At some locations,
buried waste was not in concentrations that indicated discrete trenches or pits. However,
in most instances, the location of this waste still could be determined.

. Presence and extent of voids within a given trench. The data were not sufficient to
differentiate voids from other types of anomalies. It is possible that voids are present;
however, the reconnaissance nature of the GPR data collection did not supply sufficient
data for their identification. Areas with concentrations of anomalies have the highest
likelihood of voids.

* Definition of most likely waste container type (for example, wood, metal boxes,
metal drums, cardboard) and/or waste item. Comparison of anomalies detected by
different geophysical methods at the same location gives the best information of the type
of material in the waste. The variable density of the GPR data (reconnaissance level) was
not adequate to reliably make this level of interpretation in most cases. The primary
distinctions used for interpretation are metallic, ferrous metal, and nonmetallic, based on
EMI and/or magnetic data analysis. The geophysical data do not directly allow for
distinguishing the container type, only the metallic and ferrous metallic content. Thus, a
cardboard box containing 10 lb of metal will produce an anomaly similar to a 10-lb metal
drum filled with cardboard. Most of the anomalies interpreted in this investigation were
associated with waste that had a high metallic, particularly ferrous metal, content.
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Cardboard or wood boxes buried adjacent to metallic objects typically could not be
differentiated in the data.

* Differentiation between different types of waste containers within a given trench.
As discussed above, metal content is the most strongly detected characteristic of waste.
Most other characteristics of waste are not discernible if the metal content is too high,
other than the possible indication of relatively large flat surfaces on the top of the waste
containers, as determined by GPR.

* Depth of soil cover above waste items. On those sites where GPR was effective at
detecting buried waste, the depth of the soil cover could be determined. Soil properties
were such at some sites that few-to-none of the buried waste objects inferred in the EMI
and magnetic data were detected with GPR. In those cases, the depth of soil cover could
not be determined reliably.

. Depth to trench bottom (where possible). GPR data are the only data collected here
that are capable of giving accurate depths in the subsurface. Trench bottoms were not
detected at any of the sites; therefore, direct knowledge of trench depths is unavailable.
In some data sets (none in this work), trench bottoms can be observed directly when they
are not beyond the capable depth limit of the methods and the trenches/pits only are filled
with soils or moderate amounts of soft waste that allow signal propagation. The data
cannot "see" past the tops of highly reflective debris. When excavation boundaries are
detected, as they were at many of these sites, they can be used to infer trench depth by
assuming a side-slope ratio and a trench bottom width. Experience has shown that this
method can be very inaccurate, because side slopes can range from near vertical to
greater than 2:1, and the trench bottom widths may not follow plans. Given the
assumptions implicit in this method, the method was not performed for this investigation.

The geophysical interpretation figures (Figures 1 through 7) show the locations of buried waste
(objects) and give qualitative information about the material in the waste (primarily metallic
content). At most locations of buried waste, the depth of soil cover above some of the waste was
determined, and representative values for broad areas are shown on the figures.

Most sites have a significant number of isolated, shallow buried objects that were detected in the
data. Not all of these anomalies are shown on the interpretation drawings. Experience at other
locations on the Hanford Site shows that isolated, shallow anomalies usually are caused by small
amounts of metallic debris in the fill/stabilization material over the site. This debris may include
items such as railroad spikes or other track hardware, small metal flanges, pipe fittings, or other
pieces of inert material that do not necessarily represent hazardous material.

3.2.1 Reliability / Accuracy of the Results

Reliability of the results is a function of the quality of the geophysical data and the ability of the
interpreter to determine what they mean. The quality of the geophysical data depends on factors
such as soil conditions, topography, accessibility to the area, and amount of site disturbance by
past human activity. Experience in the area, knowledge of local geology, understanding of
project objectives, and skill are factors that the interpreter adds to the reliability of the results.
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Although EMI, magnetic, and GPR instruments are capable of recording accurate and precise
quantitative measurements, the final results of the investigation are based on the subjective
interpretation and understanding of the data.

In most cases, the interpreter is able to assess all the factors that affect the reliability of the
results and can provide a level of confidence in the reliability of the results. Because so many
factors are unknown in advance, the ultimate test of the reliability of the results comes from
excavating and visibly examining the buried material in the trenches.

Given the reconnaissance nature of the surveys, interpretations were performed with the intent of
determining the boundaries of all of the waste within a burial ground and providing
representative information about its content and depth. Not all detected anomalies are shown on
the interpretation figures. Locations of objects detected in the data (i.e., position in the
horizontal plane) have a nominal accuracy of +/-1.0 m. Where depth to the top of the waste is
presented, its accuracy is nominally +/-0.3 m.

3.3 218-E-1 BURIAL GROUND

Interpretation of the geophysical data indicates that the 218-E-1 Burial Ground contains
15 trenches with variable amounts of metallic material contained in each (see Figure 1). The
buried material does not appear to be continuous throughout the entire length of most trenches.
It is possible that there is continuous material that may not be detected by the instruments. More
detail of individual trenches is provided in Table Al-i.

Based on Hanford Site Drawing H-2-124, 218-E-1 Dry Waste Burial Ground, Rev. 3, the
original burial ground includes 15 trenches, which correlates with the geophysical data. The area
inside the burial ground monuments, east of line E210, is part of a later expansion. No trenches
or anomalies that would be associated with buried debris were detected east of E210. It is
possible that this area could contain deeply buried, nonmetallic waste that was not detected with
the instruments. This is not expected, however, because the trench design for the first
15 trenches was for a maximum trench depth of 3 m (10 ft).

3.4 218-E-2A BURIAL GROUND

Hanford Site Drawing H-2-55534, 218-E2, E2A, E4, E5, E5A, & E9 Industrial Burial Ground
Plan & Details, Rev. 16, indicates one East-West-oriented trench in the 218-E-2A Burial
Ground. Interpretation of the geophysical data indicates a large buried object that is located just
inside the burial ground monuments (see Figure 2). This caused the anomaly that appears to
extend beyond the western edge of the burial ground. No buried debris or objects are interpreted
to be west of the burial ground boundary. A more thorough discussion is included in
Appendix A.
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3.5 218-E-8 BURIAL GROUND

Interpretation of the geophysical data collected in the expansion area, immediately east of the
218-E-8 Burial Ground boundary, indicates that there are buried objects and/or debris outside of
the marked burial ground (see Figure 3). Near the burial ground monuments is one buried object
(or concentration of smaller objects) that may be associated with the burial ground. An area of
diffuse anomalies may indicate widely spaced buried objects or fill material that has some
metallic material contained within.

A significant pit of buried debris, not fully characterized by this investigation, was located
approximately 60 m east of the burial ground.

EMIl data strongly indicate a buried utility along the northern boundary of the investigation area,
although this was not corroborated by any other method or on any engineering drawings. Only
Hanford Site Drawing H-2-33276, Dry Waste Burial Ground 218-E-12B, Rev. 6, Sheet 3, and
Rev. 17, Sheet 1,were found to indicate a location for this burial ground. A more thorough
discussion is included in Appendix A.

3.6 218-E-12A BURIAL GROUND

The ability to locate and map trenches at the 218-E-12A Burial Ground in the 200 East Area was
heavily influenced by the width of the trench, the type of waste that is buried in the trench, and
the changing soil conditions. Fifteen trenches were documented as being 9.1 m (30 ft) wide and
containing dry waste in Hanford Site Drawing H-2-32095, Sheets 1 & 2, 218-W-2A Industrial
Burial Ground & 218-W-3 Dry Waste Burial Ground, Rev. 11. Each of these trenches was
identified and mapped with the geophysical data (See Figure 4).

The remaining 13 trenches are documented as containing acid-soaked material and are shown to
be either 1.5 or 3.7 m (5 or 12 ft) wide in drawing H-2-32560. With a typical layback similar to
the trench design in the 218-E-1 Burial Ground, these trenches would be only 0.6 to 1.8 m (2 to
6 ft) deep. None of the narrower trenches were detectable. In the western half of the site, the
wider trenches were readily detected, and the results are consistent with the documented size and
location portrayed in drawing H-2-32560. A more thorough discussion of the results is presented
in Appendix A. Individual discussions for each trench are included in Table A4-1.

3.7 218-W-1 BURIAL GROUND

Interpretation of the geophysical data for the 218-W-1 Burial Ground indicates pockets of debris
in each of the identified trenches (see Figure 5). Discrete concentrations of metallic waste were
identified in most of the trenches. Nonmetallic waste is interpreted to be mixed with the metallic
waste. Most of the waste is at least 1 to 2 m deep and occasionally deeper. It is possible that
there is more debris in the trenches than was detected in the data and plotted on the interpretation
map.

Most of the trenches were clearly evident in the data, with the exception of Trenches 1, 1A, 4A,
and 6. These four trenches lack even subtle anomalies and, therefore, their existence cannot be
confirmed. Based on Hanford Site Drawing H-2-75149, Dry Waste Burial Ground 218-W-1,
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Rev. 1, trench series 1 through 6 all were designed to be about 2.5 in deep with about 1.3 in
separation. Given the proximity of the trenches in the 1 through 6 series, it is quite possible that
a trench could have been constructed and not be apparent in the geophysical data. Trenches 1
through 6 may have been opened and backfilled with similar soils or never opened. According
to the drawing, trenches 7 and 8 are separated by 1 m. These trench centerlines were mapped,
although the boundary between them could not be distinguished.

Three East-West-oriented trenches were identified that are not shown on drawing H-2-75149.
They are north of the northernmost trench shown on the drawing (Trench 9) and south of the
218-W-11 Burial Ground. They have a character similar to that of the other trenches in the
218-W-1 Burial Ground. Additionally, two pit-like areas not shown on the drawing also were
identified in this northern area; one of the pits has significant metallic content (coordinate
N360/E241). Individual discussions for each trench are included in Table A5-1.

3.8 218-W-2 BURIAL GROUND

Interpretation of the geophysical data for the 218-W-2 Burial Ground indicates that
pockets/zones of debris are located and mapped in each of the identified trenches (see Figure 5).
Discrete concentrations of metallic waste were identified in most of the trenches. Nonmetallic
waste is interpreted to be mixed with the metallic waste. The vast majority of the anomalies are
greater that 1 m below the surface and more typically are 1.5 to 2+ m deep. It is possible that
there is more debris in the trenches than was detected in the data and plotted on the interpretation
map.

All 20 of the trenches shown on Hanford Site Drawing H-2-2503, 218-W-2 Dry Waste Burial
Ground, Rev. 3, were clearly evident in the data. They all are generally the same length and
width as shown on the drawing. Some of the trench centerlines, from the geophysics, are a few
meters different than the drawing indicates, but the geophysics centerlines are based on debris
concentrations and not necessarily on the actual trench opening. Individual discussions for each
trench are included in Table A6-1.

3.9 218-W-3 BURIAL GROUND

Interpretation of the geophysical data for the 218-W-3 Burial Ground indicates that there are
approximately 14 East-West-oriented trenches containing varying amounts of metallic debris
(see Figure 6). The trenches appear to be in groups of 2 to 3, with very little space between
them, which makes distinction of individual trenches within the groups difficult. One
North-South-oriented trench is interpreted along the eastern edge of the site, although this may
be an artifact in the data caused by the gravel road located here. All of the debris within the
trenches appears to be buried greater than 1 m, some up to 2 m, deep.

Hanford Site Drawing H-2-32095, Sheets 1 & 2, 218-W-2A Industrial Burial Ground & 218-W-3
Dry Waste Burial Ground, Rev. 11, shows 20 regularly spaced trenches at this burial ground,
although a note on the drawing states that centerlines and locations were based on ground
indications and judgment after the trenches were filled and covered. Other than the two
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southernmost trenches, the interpreted trench locations do not correlate with the locations shown
on the drawing. Individual discussions for each interpreted trench are included in Table A7-1.

3.10 218-W-11 BURIAL GROUND

Two engineering drawings are available for reference for the 218-W-1 1 Burial Ground. The
older drawing, H-2-31268, Solid Waste Burial Grounds Plot Plan, Rev. 8, shows only one trench
at this burial ground. A newer, revised drawing, H-2-94250, Dry Waste Burial Ground
218-W-11, Rev. 1, shows two East-West-oriented trenches. The northernmost trench in the
newer drawing correlates with that shown on the older drawing, but is shown to extend farther to
the west.

As reported in the previous investigation report (D&D-28379) one trench and one "pit" make up
the 218-W-11 Burial Ground/Regulated Storage Site. The trench location correlates very well
with the trench documented in drawing H-2-31268 (see Figure 7). An interpreted discrete pit is
about 18 m east of this trench and is not depicted on any available drawings. Given the quality
of the geophysical data at this site, the interpreters are confident that the southern trench shown
in H-2-94250 does not exist.

Investigation continued to the area just north of the 218-W-11 Burial Ground. Five trenches
were identified north of N160, which is in the southern part of the 218-W-4A Burial Ground.
There is a clear data character change at about N160. This correlates with the documented
location of the southern boundary of the 218-W-4A Burial Ground, which was not specifically
part of this investigation. The mapped trenches extend from about El 15 to E295. Pockets/zones
of debris were located and mapped in each of the identified trenches in the 218-W-4A Burial
Ground. Discrete concentrations of metallic waste were identified in most of the trenches.
Nonmetallic waste is interpreted to be mixed with the metallic waste. The vast majority of the
anomalies are greater that 1 m below the surface. It is possible that there is more debris in the
trenches than was detected in the data and plotted on the interpretation map (see Figure 7).
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4.0 SOFTWARE PROBLEM REPORTING AND VALIDATION AND
VERIFICATION INFORMATION

North Wind currently maintains a quality management system that is compliant with the quality
standards described in International Standard ISO 9001:1994, Quality Management Systems:
Requirements, and is in the process of transitioning to ISO 9001:2000. This quality management
system also is designed to meet similar quality system requirements specified in corresponding
ANSI/ASME NQA-1, 2004, Quality Assurance Requirements for Nuclear Facility Applications,
Basic Requirements sections. Furthermore, the North Wind Quality Management System also is
designed to comply with the ten quality assurance criteria specified in the DOE Order 414.1C,
Quality Assurance, implementation of 10 CFR 830, Subpart A, Quality Assurance Requirements.

In accordance with the statement of work, the following sections discuss the procedure that was
in place for reporting problems that could have been encountered with software. In addition, the
method used to document the validation and verification of software used to perform calculations
also is presented. Note that no errors or problems were observed with the software used for this
project. No nonconformance reports were generated.

4.1 SOFT WARE PROBLEM AND ERROR
REPORTING

North Wind quality assurance procedure, QAP-10-151, Control of Nonconforming Items, defines
the system for identifying requirements and responsibilities for controlling items that do not
conform to customer requirements, to prevent unintended installation, use, or delivery. This
procedure applies to all North Wind functions and operations and encompasses all products that
fail receiving, in-process, or final inspections and tests.

The primary objective of the nonconforming items control process is to prevent the unintended
use or further processing of products that fail to pass required inspections or tests upon receipt or
throughout any stage of production and delivery. Five phases are used to control a
nonconforming item: (1) identification, (2) segregation, (3) disposition and notification,
(4) correction, and (5) analysis.

The Project Manager corrects the nonconforming items and summarizes the disposition and
correction activity on the Nonconformance Report (NCR), with input from the Quality
Assurance Manager, Quality Engineer or Quality Representative, and the customer, as needed.
The Project Manager forwards the NCR to the Quality Engineer or Quality Representative to
reexamine and validate correction activities.

The Quality Engineer or Quality Representative reinspects, retests, or assesses, as appropriate,
the reworked items to their original specifications, upon completion of the correction. The
Quality Engineer validates correction activities, completes the NCR, and forwards the completed
NCR and supporting documentation to the Quality Assurance Manager for analysis.
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The Quality Assurance Manager reviews the NCR and supporting documentation, verifies that
all related actions are complete, signs the completed NCR, and forwards it along with supporting
documentation to the Document Control Specialist for maintenance as a quality record.

4.2 VALIDATION AND VERIFICATION
INFORMATION

4.2.1 Software Information

Title: Surfer

Manufacturer:

Function:

Operating System:

Calculations Performed:

Version: 8.05

Golden Software, Inc., Golden, Colorado

Surface Mapping System

Microsoft Windows 2000, Version: 5.0

Calculates and outputs a contoured grid from regularly
spaced data values

4.2.2 Validation and Verification

Validation is the process of confirming the appropriateness of using software for the purpose to
which it is being applied. Verification is the process of confirming the correctness of the output
of the software. To verify that the software used on this project produced correct results, input
parameters and conditions similar to those used in the project were generated.

To demonstrate proper contour calculation and placement, a regular grid of arbitrary numbers
was created and subsequently processed by the software. The numbers were posted on a map,
and the contour intervals were superimposed over the numbers. The contour placement then was
examined. The analysis indicated that the software performs correctly under conditions similar
to those used on this project. The entire data file and a brief summary of the test and its outcome
are presented in Appendix C.

7 Windows 2000 is a trademark of Microsoft Corporation, Redmond, Washington.
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Figure 1. Geophysical Investigation Results,
218-E-1 Burial Ground.
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Figure 2. Geophysical Investigation Results,
218-E-2A Burial Ground.
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Figure 3. Geophysical Investigation Results,
218-E-8 Burial Ground.
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Figure 4. Geophysical Investigation Results,
218-E-12A Burial Ground.
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Figure 5. Geophysical Investigation Results,
218-W-1 / 218-W-2 Burial Grounds.
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Figure 6. Geophysical Investigation Results,
218-W-3 Burial Ground.
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Figure 7. Geophysical Investigation Results,
218-W-1l Burial Ground.
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APPENDIX A

DATA PLOTS AND SITE INVESTIGATION DETAILS

Information is provided on the ground-penetrating radar, electromagnetic induction, and
magnetic data collected, along with details of the investigation, for each burial ground discussed
in this document.
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Geophysical Investigation Summary Sheet
Site Name 218-E-1 Burial Ground

Location 200 East Area

Approximate size 90 m x 120 m (-3.2 acres)

Burial Ground Information Per Hanford Site Drawing H-2-124, burial ground contains 15 North-South-
oriented trenches, approximately 200 ft (66 m) long, 16-20 ft (5-6 m) wide,
and 8-10 ft (2.5-3 m) deep.

Terrain Generally flat; slightly mounded with stabilization fill

Vegetation/ground cover No vegetation. Silty gravel surface material, some fly ash visible

Hydrological properties Surface dry at time of data collection. Rain event approximately 1 week
before data collection.

Limitationslobstacles No significant surface obstacles to data collection. Fly ash significantly
degraded ground-penetrating radar data.

Overall assessment for Electromagnetic induction and magnetic methods effective at meeting
geophysical Investigation project objectives. Ground-penetrating radar data were unusable because of

attenuation by fly ash.

Equipment

Ground Penetrating Radar Geophysical Survey Systems, Inc., SIR-IOA GPR system with 200 MHz
(GPR) antenna

Electromagnetic Induction Frequency domain EMI: Geonics Limited, EM31 Ground Conductivity
(EMI) Meter with Wescor, Inc., Polycorder 720.

Total Magnetic Fleid Geometrics, Inc., G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters
Grid location control and Base grid staked at 30 m centers by Fluor personnel using Global Positioning

data collection lines System instruments and coordinates supplied by North Wind, which were
based on Hanflrd Site Drawing H-2-124. Base grid was 90 m N-S, 120 m
E-W; data collection lines were flagged at 6 m centers in North-South
direction along base grid.

SIR-10A Data were collected with the antenna towed behind a 4 x 6 all-terrain vehicle
(Gator Utility Vehicle 1). Marks were placed in the data as the instrument
passed position flags or stakes. Data were stacked (2 signals), recording
window 108 ns, gains and filters set in field to match soil conditions. Hard
copy plots of data were printed in the office on a thermal printer for
interpretation.

I 'Gator Utility Vehicle is a trademark of John Dwre & Company, Moline, Illinois.
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Geophysical Investigation Summary Sheet
EM31 Data were collected at hip height in the vertical dipole mode on 1.5 m station

spacing and 3 m line spacing on East-West-oriented lines. Data were
downloaded from the Polycorder and written to a .xyz data file using
Geonics DAT31 .exe. Corrections of position errors during data collection (if
any) are made in standard spreadsheet software such as Microsoft Excel 2.

Data were gridded and plotted using Surfer 3. Cell size for data plots is
nominally 3 m (cross line) x 1.5 m (down line).

2 Excel is a trademark of Microsoft Corporation, Redmond, Washington.
3Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

G-858/G Data were collected with sensors 0.5 and 1.5 m above the ground in
continuous sampling mode with samples recorded every 0.5 seconds
(nominal 0.5 m data spacing), and fiducial positioning marks placed every
30 m, on lines spaced 3 m apart. Data were collected in East-West direction
with the sensors oriented East-West at a 45-degree angle to the horizon.
Data were downloaded from the field instrument, filtered for spikes and
dropouts (if any), corrected for position errors (if any), and written to a .xyz
file using Geometrics, Inc., MagMapper2000.exe. Data were gridded and
plotted using Surfer. Grid cell size for the data plots is nominally 3 m (cross
line) x 0.5 m (down line).

Results
Data Discussion Refer to data plots Al-i through Al4 and Table Al-I for the following

discussion.

EMI and magnetic data show low- and high-amplitude anomalies oriented
North-South. Terrain conductivity readings greater than 10 mS/m occur
over much of the site. These readings are quite high for the Hanford Site and
may be caused by fly ash used as cover or stabilization fill material. Both
EMI and magnetic data show few to no anomalies east of approximately
line E210 in the burial ground.

GPR data show a highly reflective layer at approximately 0.5 m depth. This
layer may be fly ash and is blocking detection of buried material below.

Based on alignment with magnetic data anomalies, trenches in this burial
ground are interpreted to be located at conductivity lows in the EM31 data.

Interpretation This burial ground contains 15 interpreted trenches with variable amounts of
metallic material contained in each. Centerlines of the trenches are
interpreted to be at approximately El 10, El 17, E122, E128, E132, E140,
E147, E157, E163, E170, E174, E182, E188, E196, and E203. The buried
material does not appear to be continuous throughout the entire length of
most trenches. More detail of individual trenches is provided in Table Al-I.

Based on drawing H-2-124, the original burial ground is represented by the
interpreted 15 trenches, and the area inside the burial ground monuments
east of E210 is a later expansion. No trenches are interpreted east of E210 in
this burial ground, although it is possible that this area contains deeply
buried, nonmetallic waste that was not detected with the instruments.

Lessons leamed As observed at other Hanford sites, fly ash significantly degrades GPR data,
rendering it ineffective as an investigation tool at sites where it is found on
the surface.
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Table Al-i. Summary of Results from Burial Ground 218-E-1, 200 East Area. (2 Pages)
Best A ppro x . Appro. Approx.

Coeneha- enterch, Ends of Center of Ends of theCorreia- B n Trench, Documented Trench, Trench, Commentsdon, asedan ComeonBase on eo- Based on Waste Type Based on Based on
-- -- (eophysiesl Drawing Drawing

Drawing ph al Data H-2-124 H-2-124H-2-124 Data

1 E110 N178-N120 Dry Waste El12 N178-N120 Reasonable correlation between the geophysical data and the documented
centerline of the trench. Geophysical data suggest a mix of metallic and
nonmetallic waste. High concentration of ferrous metal between N124 and
N160. Two magnetic anomalies appear outside of trench at approximately
N183, E106 and N127, E1O6. These may be caused by metal objects in
hackfill material.

2 El17 N178-N20 Dry Waste El18 N178 - N120 Good correlation between the geophysical data and the documented centerline
and length of the trench. Geophysical data suggest a mix of metallic and
nonmetallic waste. Data indicate a generally low concentration of ferrous
metal in trench other than large object(s) at N142.

3 E122 N178 -N120 Dry Waste E125 N178 -N120 Reasonable correlation between the geophysical data and the documented
centerline of the trench. Geophysical data suggest a mix of metallic and
nonmetallic waste. No significant ferrous metal anomalies evident in data.

4 E128 N178-N120 Dry Waste E131 N178 - N120 Trenches 4 through 7 show poor correlation between centerlines, based on
geophysical data and the documented centerline. The interpreted trenches may
be mismatched with those shown on Hanford Site Drawing H-2-124.
Geophysical data suggest a mix of metallic and nonmetallic waste.
A significant ferrous metal anomaly is evident in data at N175.

5 E132 N178 -N120 Dry Waste E138 N178 -N120 Trenches 4 through 7 show poor correlation between centerlines, based on
geophysical data and the documented centerline. The interpreted trenches may
be mismatched with those shown on Hanford Site Drawing H-2-124.
Geophysical data suggest a mix of metallic and nonmetallic waste.

6 E140 N178-N120 Dry Waste E144 N178 - N120 Trenches 4 through 7 show poor correlation between centerlines, based on
geophysical data and the documented centerline. The interpreted trenches may
be mismatched with those shown on Hanford Site Drawing H-2-124.
Geophysical data suggest a mix of metallic and nonmetallic waste. Data
indicate a generally low concentration of ferrous metal in trench.

7 E147 N178 -N120 Dry Waste E152 N178 -N120 Trenches 4 through 7 show poor correlation between centerlines, based on
geophysical data and the documented centerline. The interpreted trenches may
be mismatched with those shown on Hanford Site Drawing H-2-124.
Geophysical data suggest a mix of metallic and nonmetallic waste. Large
ferrous metal objects throughout trench.
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Table Al-i. Summary of Results from Burial Ground 218-E-1, 200 East Area. (2 Pages)
Best Approx.

Trench Center Of Approx. Approx. Approx.
Concha Trench, Ends of Center of Ends of the

don, d Trench, Documented Trench, Trench, Comments
Based on Based on Waste Type Based on Based on

Drawing y Geophysical Drawing DrawingDaig physical DatH-24124 H-2-124
H-2-124 Data

8 E157 N178 -N120 Dry Waste E157 N178 -N120 Good correlation between the geophysical data and the documented location
and length of the trench. Geophysical data suggest a mix of metallic and
nonmetallic waste. Isolated large ferrous metal object(s) at N122, N136, and
N160.

9 E163 N178- N120 Dry Waste E164 N178- NI20 Good correlation between the geophysical data and the documented location
and length of the trench. Geophysical data suggest a mix of metallic and
nonmetallic waste. Isolated large ferrous metal object(s) at NI22, N145, and
N150.

10 E170 N178-N120 Dry Waste E170 N178-N120 Good correlation between the geophysical data and the documented location
and length of the trench. Geophysical data suggest a mix of metallic and
nonmetallic waste. Isolated large ferrous metal object(s) atN130.

11 E174 N178 -N120 Dry Waste E177 N178 - N120 Poor correlation between the geophysical data and the documented centerline
of the trench. Geopbysical data suggest a mix of metallic and nonmetallic
waste. Isolated large ferrous metal object(s) at N136, N148.

12 E182 N178-N130 Dry Waste E183 N178 -N120 Good correlation between the geophysical data and the documented location of
the trench. Geophysical data suggest a mix of metallic and nonmetallic waste.
Isolated ferrous metal object(s) at N136, N151, and NI57.

13 E188 N178 -N130 Dry Waste E189 N178 -N120 Good correlation between the geophysical data and the documented location of
the trench. Geophysical data suggest a mix of metallic and nonmetallic waste.
Isolated large ferrous metal object(s) at N136. Smaller ferrous metal object(s)
at N172.

14 E196 N178 -N130 Dry Waste E196 N178 -N120 Good correlation between the geophysical data and the documented location of
the trench. Geophysical data suggest that waste may be primarily nonmetallic.
No significant ferrous metal anomalies evident in data.

15 E203 N178 -N130 Dry Waste E203 N178 -N120 Good correlation between the geophysical data and the documented location of
the trench. Very high concentration of ferrous metal objects between N142 and
N178.
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Figure A-1. Geophysical Investigation Results, 218-E-1 Burial Ground, 200 East Area, June 2006.
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Figure AI-2. Electromagnetic Induction (EM31) Ground Conductivity Data, 218-E-
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(EM3 1) In-Phase Data, 218-E- 1 Burial Ground, 200 East Area, June 9, 2006.
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Figure AI-4. Total Magnetic Field (G-858/G) Data, 218-E-1 Burial Ground, 200 East Area, June 9, 2006.
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A2.0 218-E-2A BURIAL GROUND GEOPHYSICAL
INVESTIGATION SUMMARY AND DATA PLOTS
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Geophysical Investigation Summary Sheet
Site Name 218-E-2A Burial Ground

Location 200 Fast Area

Approximate size 150 m x 21 m (-0.3 acre)

Burial Ground Information Per Hanford Site Drawing H-2-55534, this burial ground contains one East-
West-oriented trench.

Terrain Generally flat, slightly sloped down from north to south away from the
adjacent railroad tracks.

Vegetationiground cover Primarily bunch grass; also cheat grasses and other weeds. Silty gravel
surface material.

Hydrological properties Surface dry at time of data collection. Rain event approximately I week
before data collection.

Limitationslobstacles Railroad constrained ground-penetrating radar data collection to east-west
direction only. Capping or shallow fill material within marked burial ground
significantly degraded ground-penetrating radar signal.

Overall assessment for Electromagnetic induction and magnetic methods effective at meeting
geophysical investigation project objectives. Ground-penetrating radar data were adequate in

extension area to meet project objectives.

Equipment
Ground Penetrating Radar Geophysical Survey Systems, Inc., SIR-10A GPR system with 200 MHz

(GPR) antenna.

Electromagnetic induction Frequency domain EMI: Geonics Limited, EM31 Ground Conductivity
(EMI) Meter with Wescor, Inc., Polycorder 720.

Time domain EMI: Geonics Limited, EM61-MK2 High Sensitivity Metal
Detector with Juniper Systems, Inc., PRO4000 Data Logger

Total Magnetic Field Geometrics, Inc., G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters
Grid location control and Base grid staked at 30 m centers by Fluor personnel using Global Positioning

data collection lines System instruments and coordinates supplied by North Wind, which were
based on Hanftrd Site Drawing H-2-55534. Original base grid was 30 m
N-S, 120 m E-W. Expansion area was 21 m N-S, 30 m E-W. Data
collection lines were flagged at 6 m centers in North-South direction along
base grid.

SIR-10A Data were collected with the antenna towed behind a 4 x 6 all-terrain vehicle
(Gator Utility Vehicle 1). Marks were placed in the data as the instrument
passed position flags or stakes. Data were stacked (2 signals), recording
window 108 ns, gains and filters set in field to match soil conditions. Hard
copy plots of data were printed in the office on a thermal printer for
interpretation.

Gator Utility Veicle is a trademark of John Deere & Company, Moline, Illinois.
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Geophysical Investigation Summary Sheet
EM31 Data were collected at hip height in the vertical dipole mode on 1.5 m station

spacing and 3 m line spacing on East-West-oriented lines. Data were
downloaded from the Polycorder and written to a .xyz data file using
Geonics DAT31 .exe. Corrections of position errors during data collection (if
any) are made in standard spreadsheet software such as Microsoft Excel 2

Data were gridded and plotted using Surfer 3. Cell size for data plots is
nominally 3 m (cross line) x 1.5 m (down line).

2 Excel is a trademark of Microsoft Corporation, Rximond, Washington.
_ Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

EM6I-MK2 Data were collected with instrument-in-cart mode; 0.19 m station spacing on
lines spaced 1.5 m apart; differential mode (3 lower coil readings, one upper
coil reading). Data were downloaded from the Pro4000 using Lynx, a
HarvestMaster brand electronic data acquisition system owned by Juniper
Systems, Inc. Position corrections, such as line starts and stops, and writing
to a .xyz file were performed using Geonics DAT61.exe. Data were gridded
and plotted using Surfer. Grid cell size for data plots is nominally 1.5 m
(cross line) x 0.75 m (down line).

G-858/G Data were collected with sensors 0.5 and 1.5 m above the ground in
continuous sampling mode, with samples recorded every 0.5 seconds
(nominal 0.5 m data spacing), and fiducial positioning marks placed every
30 m, on lines spaced 3 m apart. Data were collected in East-West direction
with the sensors oriented East-West at a 45-degree angle to the horizon.
Data were downloaded from the field instrument, filtered for spikes and
dropouts (if any), corrected for position errors (if any), and written to a .xyz
file using Geometrics, Inc., MagMapper2000.exe. Data were gridded and
plotted using Surfer. Grid cell size for the data plots is nominally 3 m (cross
line) x 0.5 m (down line).

Results
Data Discussion Refer to data plots A2-1 through A2-5 for the following discussion.

This investigation was an expansion of the area covered in a previous
investigation. Results of the previous investigation appeared to show
anomalies extending beyond the edge of the burial ground to the west. The
newly collected EMI and magnetic data show no anomalies of significance
west of the monuments marking the western boundary of the burial ground.
Surface conditions within the marked burial ground completely attenuate the
GPR signal at a shallow depth. Therefore, the GPR data were of minimal
use. This condition is similar to that encountered in the 218-E-I Burial
Ground investigation. GPR data collected west of the burial ground
monuments do not show any significant anomalies.

Interpretation Interpretation of the data indicates a large buried object located just inside
the burial ground monuments. No other buried debris or objects are
interpreted to the west of the burial ground boundary.

Lessons learned This site appears to have been stabilized with fill material that is not
conducive to GPR data collection. This is similar to other burial grounds at
the Hanford Site and can limit the amount of useful information to be gained

I through geophysical investigations.
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Figure A2-1. Geophysical Investigation Results, 218-E-2A Burial Ground, 200 East Area, June 2006.
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Figure A2-2. Electromagnetic Induction (EM3 1) Ground Conductivity Data,
218-E-2A Burial Ground, 200 East Area, June 11, 2006.
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Figure A2-3. Electromagnetic Induction (EM3 1) In-Phase Data,
218-E-2A Burial Ground, 200 East Area, June 11, 2006.
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Figure A2-4. Total Magnetic Field (G-858/G) Data, 218-E-2A Burial Ground,
200 East Area, June 11, 2006.
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Figure A2-5. Electromagnetic Induction (EM61) Data, 218-E-2A Burial Ground,
200 East Area, June 11, 2006.
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A3.0 218-E-8 BURIAL GROUND GEOPHYSICAL INVESTIGATION
SUMMARY AND DATA PLOTS
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Geophysical Investigation Summary Sheet
Site Name 218-E-8 Burial Ground

Location 200 East Area

Approximate size 60 m x 114 m (-1.1 acres)

Burial Ground Information No information available on the number of trenches or their orientation.

Terrain Westernmost portion of the site (inside burial ground monuments) is sloped
down from west to east approximately 4-5 m. Eastern portion is generally
flat with an uneven walking surface.

Vegetation/ground cover Primarily bunch grass, also cheat grasses and other weeds inside marked
burial ground. East of marked burial ground surface is primarily gravel and
cobbles with some silty gravel.

Hydrological properties Surface dry at time of data collection. Rain event approximately 1 week
before data collection.

Limitationslobstacles Contamination area to the south of the investigation area limited the ability
to collect data in that area.

Overall assessment for Data were adequate in the expansion area to meet project objectives.
geophysical Investigation

Equipment
Ground Penetrating Radar Geophysical Survey Systems, Inc., SIR-10A GPR system with 200 MHz

(GPR) antenna.

Electromagnetic Induction Frequency domain EMI: Geonics Limited, EM31 Ground Conductivity
(EMI) Meter with Wescor, Inc., Polycorder 720.

Time domain EMI: Geonics Limited, EM61-MK2 High Sensitivity Metal
Detector with Juniper Systems, Inc., PRO4000 Data Logger

Total Magnetic Field Geometrics, Inc., G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters
Grid location control and Base grid staked at 30 m centers by Fluor personnel using Global Positioning

data collection lines System instruments and coordinates supplied by North Wind, which were
based on Hanford Site Drawing H-2-33 276, Rev. 6, Sheet 3, and Rev. 17,
Sheet 1. Base grid was 90 m N-S, 60 m E-W; data collection lines were
flagged at 6 m centers in North-South and East-West directions along base
grid.

SIR-10A Data were collected with the antenna towed behind a 4 x 6 all-terrain vehicle
(Gator Utility Vehicle 1). Marks were placed in the data as the instrument
passed position flags or stakes. Data were stacked (2 signals), recording
window 108 ns, gains and filters set in field to match soil conditions. Hard
copy plots of data were printed in the office on a thermal printer for
interpretation.

'Gator Utility Vehicle is a trademark of John Dee & Company, Moline, Illinois.
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Geophysical Investigation Summary Sheet
EM31 Data were collected at hip height in the vertical dipole mode on 1.5 m station

spacing and 3 m line spacing on East-West-oriented lines. Data were
downloaded from the Polycorder and written to a .xyz data file using
Geonics DAT3 .exe. Corrections of position errors during data collection (if
any) are made in standard spreadsheet software such as Microsoft Excel 2.

Data were gridded and plotted using Surfer 3. Cell size for data plots is
nominally 3 m (cross line) x 1.5 m (down line).

2 Excel is a trdemark of Microsoft Corporation, Redmond, Washington.
3 Surfa is a trademark of Golden software, Inc., Golden, Colorado.

EMOI-MK2 Data were collected with instrument-in-cart mode; 0.19 m station spacing on
lines spaced 1.5 m apart; differential mode (3 lower coil readings, one upper
coil reading). Data were downloaded from the Pro4000 using Lynx, a
HarvestMaster brand electronic data acquisition system owned by Juniper
Systems, Inc. Position corrections, such as line starts and stops, and writing
to a .xyz file were performed using Geonics DAT61.exe. Data were gridded
and plotted using Surfer. Grid cell size for data plots is nominally 1.5 m
(cross line) x 0.75 m (down line).

G-858/G Data were collected with sensors 0.5 and 1.5 m above the ground in
continuous sampling mode, with samples recorded every 0.5 seconds
(nominal 0.5 m data spacing), and fiducial positioning marks placed every
30 m, on lines spaced 3 m apart. Data were collected in East-West direction
with the sensors oriented East-West at a 45-degree angle to the horizon.
Data were downloaded from the field instrument filtered for spikes and
dropouts (if any), corrected for position errors (if any), and written to a .xyz
file using Geometrics, Inc., MagMapper2000.exe. Data were gridded and
plotted using Surfer. Grid cell size for the data plots is nominally 3 ra (cross
line) x 0.5 m (down line).

Results

Data Discussion Refer to data plots A3- through A3-5 for the following discussion.

EMI and magnetic data show diffuse, low-amplitude anomalies in the area
immediately east of the marked burial ground. High-amplitude anomalies
caused by surface metal debris also are visible. EMI data show a linear
anomaly consistent with a buried pipeline or other utility in the northern
portion of the investigation area, oriented NW-SE. EMI and magnetic data
both show a zone of high-amptitude anomalies in the southeast corner of the
investigation area.

The GPR data indicate buried debris and/or objects throughout the
investigation area. Experience shows that basalt boulders can produce GPR
anomalies, and that is the preferred interpretation for this site. GPR data also
show major concentrations of buried debris, especially in the southeast
corner of the investigation area.

The anomalies in the southeast corner of the investigation area are beyond
the designed investigation area and were detected during system
demobilization. Because of the amplitude of these anomalies, another 30 m
x 30 ra expansion was added to the designed investigation to help determine
the source of the anomalous readings.
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Geophysical Investigation Summary Sheet
Interpretation Interpretation of the geophysical data collected in the expansion area

indicates that there are buried objects and/or debris outside of the marked
burial ground. Near the burial ground monuments is one buried object (or
concentration of smaller objects) that may be associated with the burial
ground. An area of diffuse anomalies may indicate widely spaced buried
objects or fill material that has some metallic material contained within.

Approximately 60 m east of the burial ground begins a significant pit of
buried debris that was not hilly characterized by this investigation.

EMI data indicate a buried utility along the northern boundary of the
investigation area, although this was not corroborated by any other method.

Lessons learned By expanding the area of the previous investigation, buried objects/debris
were verified outside of the marked burial ground.



Figure A3-1. Geophysical Investigation Results, 218-E-8 Burial Ground, 200 East Area, June 2006.
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Figure A3-2. Electromagnetic Induction (EM31) Ground Conductivity Data,
218-E-8 Burial Ground, 200 East Area, June 11, 2006.
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Figure A3-3. Electromagnetic Induction (EM3 1) In-Phase Data,
218-E-8 Burial Ground, 200 East Area, June 11, 2006.
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Figure A3-4. Total Magnetic Field (G-858/G) Data,
218-E-8 Burial Ground, 200 East Area, June 11, 2006.
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Figure A3-5. Electromagnetic Induction (EM61) Data,
218-E-8 Burial Ground, 200 East Area, June 11, 2006.
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A4.0 218-E-12A BURIAL GROUND GEOPHYSICAL
INVESTIGATION SUMMARY AND DATA PLOTS
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Geophysical Investigation Summary Sheet
Site Name 218-E-12A Burial Ground

Location 200 East Area

Approximate siz 360 m x 390 m (-28.4 acres)

Burial Ground information Per Hanford Site Drawing H-2-32560, this burial ground contains 28
North-South-oriented trenches of various lengths and widths.

Terrain Generally flat throughout most of the site. Slopes west to east starting at
E430 to eastern boundary. East-West berm over buried pipeline near N460.

Vegetation/ground cover Primarily bunch grass with scattered cheat grasses and other weeds. Sandy
gravel surface material with a few areas that are mounded with additional
crushed gravel.

Hydrological properties Surface dry at time of data collection.

Limitationslobstacles East-West mound over pipeline with steep northern flank.

Overall assessment for Electromagnetic induction and magnetic methods were the most effective at
geophysical Investigation meeting project objectives. GPR data quality varied from average to poor.

Equipment
Ground Penetrating Radar Geophysical Survey Systems, Inc., SIR-10A GPR system with 200 MHz

(GPR) antenna.

Electromagnetic induction Frequency domain EMI: Geonics Limited, EM31 Ground Conductivity
(EMI) Meter with Wescor, Inc., Polycorder 720.

Total Magnetic Fild Geometrics, Inc., G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters
Grid location control and Base grid staked at 30 m centers by Fluor personnel using Global Positioning

data collection lines System instruments and coordinates supplied by North Wind, which were
based on Hanford Site Drawing H-2-32560. Base grid was 360 m N-S,
390 m E-W; data collection lines were flagged at 6 m centers in North-South
direction along base grid.

SIR-10A Data were collected with the antenna towed behind a 4 x 6 all-terrain vehicle
(Gator Utility Vehicle 1). Marks were placed in the data as the instrument
passed position flags or stakes. Data were stacked (2 signals), recording
window 108 ns, gains and filters set in field to match soil conditions. Hard
copy plots of data were printed in the office on a thermal printer for
interpretation. Two East-West profiles were collected along each 30 m
baseline. Additional profiles were collected roughly every 6-12 m between
the bases. Selected North-South profiles were collected down the estimated
center of some trenches, as depicted ftom the EM31 and/or magnetic data.

'Gator Utility Vehicle is a trademark of John Deere & Company, Moline, Illinois.

A-30



D&D-30708 REV 0

Geophysical Investigation Summary Sheet
EM31 Data were collected at hip height in the vertical dipole mode on 1.5 m station

spacing and 3 m line spacing on East-West-oriented lines. Data were
downloaded from the Polycorder and written to a .xyz data file using
Geonics DAT3 .exe. Corrections of position errors during data collection (if
any) are made in standard spreadsheet software such as Microsoft Excel 2
Data were gridded and plotted using Surfer 3. Cell size for data plots is
nominally 3 m (cross line) x 1.5 m (down line).

Excel is a tmdemark of Microsoft Corporation, Raimond, Washington.
3Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

G-85BG Data were collected with sensors 0.5 and 1.5 m above the ground in
continuous sampling mode, with samples recorded every 0.5 seconds
(nominal 0.5 m data spacing), and fiducial positioning marks placed every
30 m, on lines spaced 3 m apart. Data were collected in East-West direction
with the sensors oriented East-West at a 45-degree angle to the horizon.
Data were downloaded from the field instrument, filtered for spikes and
dropouts (if any), corrected for position errors (if any), and written to a .xyz
file using Geometrics, Inc., MagMapper2000.exe. Data were gridded and
plotted using Surfer. Grid cell size for the data plots is nominally 3 m (cross
line) x 0.5 m (down line).

Results
Data Discussion Refer to data plots A4-1 through A4-4 and Table A4-1 for the fiolowing

discussion.

The magnetic data produced anomalies that appear to be from ferrous
metallic debris buried in the trenches, as well as basalt-rich fill material that
was used to fill the trenches, or perhaps as added generic fill material to parts
of the burial ground. Experience at other Hanford sites shows that the
Columbia River Basalt that dominates the region often is high in iron and
often causes anomalies in the magnetic data when the surface material is rich
in basalt, especially when compacted.

The EMI data mapped pockets of metallic debris as well as changes in the
conductivity of the soil. The in-phase data were effective in mapping where
the metallic debris is buried in the trenches. The conductivity data show that
the soil conditions vary across the site and show where the largest pockets of
conductive (most often metallic) debris are located.

The GPR data were effective at mapping the trench boundaries in the
western half of the site where the dry waste trenches are located but were not
effective at mapping the thinner, acid waste trenches that are located in the
eastern half of the site. The GPR data also indicate that most of the debris is
covered by at least 2 m of fill. However, because of the reconnaissance
nature of the investigations, there may be some shallower debris between the
GPR profiles.

Three linear anomalies, clearly depicted in the data, are known buried
pipelines. The East-West linear that crosses the middle of the site is from a
combination of a surface cable and the metal T-posts that protect it.
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Geophysical Investigation Summary Sheet
Interpretation Dry Waste Trenches (1, 2. 3. 12. 13, 14, 17, 18, 19, 20, 21, 22, 23, 24.

and 25)
Pockets of debris were located and mapped in each of the dry waste trenches.
In all of the dry waste trenches, concentrations of metallic waste were
identified. Some apparent nonmetallic waste appears to be mixed with the
metallic waste. Most of the waste is at least 1.5 to 2.0 m deep or deeper. It
appears that the thickness of the fill over the waste and the soil conditions at
the site resulted in the EMI and magnetic data being the most effective tools,
while limiting the effectiveness of GPR. Because of the depth of burial of
the debris in trenches and the marginally favorable soil conditions, it is
assumed that there is more debris in the trenches than was detected in the
data.

Acid-Soaked Material Trenches (4.5. 6. 7.8.9, 10, 11, 15, 16,26,27,
and 28).
All of the acid trenches are documented as being in the eastern half of the
burial ground where the soil conditions are least favorable to GPR. The
widths of the acid trenches are documented as being either 1.5 or 3.7 m (5 or
12 ft) wide; thus they are most likely relatively shallow. There were no
geophysical features identified in the data (i.e. excavation boundaries or
notable changes in the characteristics of the soil) that are often associated
with a trench.

There are a few pockets of anomalies in the eastern half of the site; they may
fall within a trench but might also be scattered surface debris that is
unrelated to a trench. If there were concentrations of metallic debris in these
trenches, they should have been identified in the geophysical data. This
suggests that most of the debris in these apparently narrow, shallow trenches
is nonmetallic.

Lessons learned The easternmost third of the site was not very conducive to GPR, because of
the homogeneity of the natural soil before it was disturbed by the
excavations fir the trenches. GPR often is the best tool at the Hanford Site
for mapping trenches and nonmetallic waste. A very detailed GPR survey
(tightly spaced profiles) might improve the detection of some of the
boundaries of the trenches, especially if coupled with a test trench to help
understand the subtle geophysical signatures.



Table A4-1. Summary of Results from Burial Ground 218-E-12A, 200 East Area. (4 Pages)
Approm Best
Centerof Trench Cutrof

TrenchCenter ofTread., COrrn- Documented Trenc.,Comet
Basedo -laton,: - Comments
Geo-Waste Type

physical Drawing Drawin
Data 1-2-32560

E232 17 Dry Waste E230 Good correlation between the geophysical data and the documented location, width, and length of the
trench. Geophysical data suggest a mix of metallic and nonmetallic waste.

E220 18 Dry Waste E218 Good correlation between the geophysical data and the documented location, width, and length of the
trench. Geophysical data suggest a mix of metallic and nonmetallic waste.

E208 19 Dry Waste E206 Good correlation between the geophysical data and the documented location, width, and length of the
trench. Geophysical data suggest a mix of metallic and nonmetallic waste.

E196 20 Dry Waste E194 Good correlation between the geophysical data and the documented location, width, and length of the
trench. Geophysical data suggest a mix of metallic and nonmetallic waste.

E183 21 Dry Waste E182 Good correlation between the geophysical data and the documented location, width, and length of the
trench. Geophysical data suggest a mix of metallic and nonmetallic waste.

E169 22 Dry Waste E169 Good correlation between the geophysical data and the documented location, width, and length of the
trench. Geophysical data suggest a mix of metallic and nonmetallic waste.

E156 23 Dry Waste E157 Good correlation between the geophysical data and the documented location, width, and length of the
trench. Geophysical data suggest a mix of metallic and nonmetallic waste.

E145 24 Dry Waste E145 Good correlation between the geophysical data and the documented location, width, and length of the
trench. Geophysical data suggest a mix of metallic and nonmetallic waste.

E132 25 Dry Waste E132 Good correlation between the geophysical data and the documented location, width, and length of the
trench. Geophysical data suggest a mix of metallic and nonmetallic waste.

E244 14 Dry Waste E242 Good correlation between the geophysical data and the documented location, length, and width of the
trench. The geophysical data suggest that the trench isn't completely ftll. Alternately, there could more
nonmetallic than metallic debris, or the debris is deeper than the effective detection limits of the
geophysical tools, thus giving the appearance of less debris.

E256 13 Dry Waste E254 Good correlation between the geophysical data and the documented location and width of the trench. The
geophysical data suggest that the trench is not as long as documented and isn't completely full.
Alternately, there could more nonmetallic than metallic debris, or the debris is deeper than the effective
detection limits of the geophysical tools, thus giving the appearance of a smaller trench with less debris.

E267 12 Dry Waste E267 Good correlation between the geophysical data and the documented location, length, and width of the
trench. The geophysical data suggest that the trench isn't completely full. Alternately, there could more
nonmetallic than metallic debris, or the debris is deeper than the effective detection limits of the
geophysical tools, thus giving the appearance of less debris.
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Table A4-1. Suimmary of Results from Burial Ground 218-E-12A, 200 East Area. (4 Pages)
Approx Bat
Center of Trench Approxo
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physical Drawing Drawng

Data -1-2-32560 H-2-32560

E282- 3 Dry Waste E283 The trench boundaries or center of the trench is not well delineated in the geophysical data. However,
E288 there are detectable concentrations of both metallic and nonmetallic debris. Likewise, the debris could be

deeper than the effective detection limits of the geophysical tools, thus giving the appearance of less debris
E310 1 Dry Waste E300 The trench boundaries or center of the trench is not well delineated in the geophysical data. However,

there are detectable concentrations of both metallic and nonmetallic debris that fall in the approximate
documented location of the trench. Additional debris could be in the trench that is deeper than the effective
detection limits of the geophysical tools, thus giving the appearance of less debris.

E328 2 Dry Waste E324 The trench boundaries or center of the trench is not well delineated in the geophysical data. However,
there are detectable concentrations of both metallic and non-metallic debris that fall in the approximate
documented location of the trench. Additional debris could be in the trench that is deeper than the effective
detection limits of the geophysical tools, thus giving the appearance of less debris.

None 16 Acid Soaked E276 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 1.5 or 3.7 m (5 or 12 ft) wide.

None 15 Acid Soaked E290 There is no indication of trench boundaries (i.e. excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
However, because of the proximity of trench 15 to trench 3, they may blend together, thus giving the
appearance of a single trench.

None 28 Acid Soaked E337 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 1.5 or 3.7 m (5 or 12 ft) wide.

None 5 Acid Soaked E346 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 1.5 m (5 ft) wide.
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Table A4-1. Summary of Results from Burial Ground 218-E-12A, 200 East Area. (4 Pages)
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Center of Trench Approx.
Trench, Cor- M d Center ofTec, Conre- Documented Trench, -comments

lGeon Br e Waste Type Based on

physical JDrawing-- - - -- _
Data H-2-32560

None 4 Acid Soaked E349 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 1.5 m (5 ft) wide.

None 6 Acid Soaked E352 Ther is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 1.5 m (5 ft) wide.

None 7 Acid Soaked E362 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 3.7 m (12 if) wide.

None 8 Acid Soaked E368 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 3.7 m (12 if) wide.

None 9 Acid Soaked E375 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 3.7 m (12 if) wide.

None 10 Acid Soaked E380 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste. It
does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 3.7 m (12 f) wide.
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None 26 Acid Soaked E388 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 3.7 m (12 ft) wide.

None 11 Acid Soaked E394 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 3.7 m (12 if) wide.

v 27 Acid Soaked E405 There is no indication of trench boundaries (i.e., excavation boundaries) or debris in the documented
location of the trench. This is consistent with all of the trenches that are documented as containing acid-
soaked material, suggesting that these trenches are relatively shallow with primarily nonmetallic waste.
It does not appear that the waste is deeper than the detection limits of the geophysical methods, because the
trenches are documented as being only 3.7 m (12 if) wide.
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Figure A4-1. Geophysical Investigation Results, 218-E-12A Burial Ground, 200 East Area, June 2006.
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Figure A4-2. Electromagnetic Induction (EM3 1) Ground Conductivity Data,
218-E-12A Burial Ground, 200 East Area, June 11, 2006.
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Figure A4-3. Electromagnetic Induction (EM3 1) In-Phase Data,
218-E-12A Burial Ground, 200 East Area, June 11, 2006.
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Figure A4-4. Total Magnetic Field (G-858/G) Data, 218-E-12A Burial Ground,
200 East Area, June 11, 2006.
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A5.0 218-W-1 BURIAL GROUND GEOPHYSICAL
INVESTIGATION SUMMARY AND DATA PLOTS
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Geophysical Investigation Summary Sheet
Site Name 218-W-l Burial Ground

Location 200 West Area

Approximate size 150 m x 180 m (-5.5 acres)

Burial Ground Information Per Hanford Site Drawing H-2-75149, this burial ground contains 15 East-
West trenches of various lengths and widths.

Terrain Generally flat throughout the site.

Vegetationiground cover Relatively vegetation free with scattered bunch grass and cheat grass.
Gravelly sand.

Hydrological properties Surface relatively dry at time of data collection, although heavy rains fell a
few days before data collection.

Limitatlonalobetaclea None

Overall assessment for Electromagnetic induction and magnetic methods were the most effective at
geophysical Investigation meeting project objectives. GPR data quality varied from average to good.

Equipment
Ground Penetrating Radar Geophysical Survey Systems, Inc., SIR-10A GPR system with 200 MHz

(GPR) antenna

Electromagnetic Induction Frequency domain EMI: Geonics Limited, EM31 Ground Conductivity
(EMI) Meter with Wescor, Inc., Polycorder 720.

Total Magnetic Field Geometrics, Inc., G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters
Grid location control and Base grid staked at 30 m centers by Fluor personnel using Global Positioning

data collection lines System instruments and coordinates supplied by North Wind, which were
based on Hanford Site Drawing H-2-75149. The overall base grid is
combined with the 218-W-2 Burial Ground site. The dimensions for the
218-W-1 Burial Ground extended 150 m N-S, 180 m E-W, from geophysical
coordinates N250 to N400 and from E100 to E280; data collection lines were
flagged at 6 m centers in East-West and North-South direction along base
grid nodes.

SIR-10A Data were collected with the antenna towed behind a 4 x 6 all-terrain vehicle
(Gator Utility Vehicle 1). Marks were placed in the data as the instrument
passed position flags or stakes. Data were stacked (2 signals), recording
window 108 ns, gains and filters set in field to match soil conditions. Hard
copy plots of data were printed in the office on a thermal printer for
interpretation. Two East-West profiles and two North-South profiles were
collected along each 30 m baseline. Additional North-South profiles were
collected roughly every 6-12 m between the bases. Numerous East-West
profiles were collected down the estimated center line of trenches depicted
from the EM31 and/or magnetic data.

' Gator Utility Vehicle is a trademark of John Deere & Company, Moline, Illinois.

A-42



D&D-30708 REV 0

Geophysical Investigation Summary Sheet
EM31 Data were collected at hip height in the vertical dipole mode on 1.5 m station

spacing and 3 m line spacing on North-South oriented lines. Data were
downloaded from the Polycorder and written to a .xyz data file using
Geonics DAT31.exe. Corrections of position errors during data collection (if
any) are made in standard spreadsheet software such as Microsoft Excel 2
Data were gridded and plotted using Surfer 3. Cell size for data plots is
nominally 3 m (cross line) x 1.5 m (down line).

2 Excel is a trademark of Microsoft Corporation, Redmond, Washington.
Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

G-85810 Data were collected with sensors 0.5 and 1.5 m above the ground in
continuous sampling mode, with samples recorded every 0.5 seconds
(nominal 0.5 m data spacing), and fiducial positioning marks placed every
30 m, on lines spaced 3 m apart. Data were collected in the North-South
direction with the sensors oriented East-West at a 45-degree angle to the
horizon. Data were downloaded from the field instrument, filtered for spikes
and dropouts (if any), corrected ftr position errors (if any), and written to a
.xyz file using Geometrics, Inc., MagMapper2000.exe. Data were gridded
and plotted using Surfer. Grid cell size for the data plots is nominally 3 m
(cross line) x 0.5 m (down line).

Results
Data Discussion Refer to data plots AS-1 through A5-4 and Table AS-1 for the following

discussion.

The magnetic data produced anomalies that appear to be from ferrous
metallic debris buried in the trenches, as well as basalt rich fill material that
was used to fill in the trenches, or perhaps as added fill to parts of the burial
ground. The Columbia River Basalt that dominates the region often is high
in iron and influences magnetic data when the soil is rich in basalt, and more
so when the soils are compacted.

The EMI data mapped pockets of metallic debris as well as changes in the
conductivity of the soil. The in-phase data best reflected where the metallic
debris is buried in the trenches. The conductivity data show the variable soil
conditions across the site and show where the largest pockets of conductive
(most often metallic) debris are located.

The GPR data were effective at mapping the trench boundaries when the
trenches had space between them. The GPR data also indicate that much of
the debris was buried 2 m or more below the surface, although in several
areas the debris anomalies are much shallower. Because of the
reconnaissance nature of the investigations, and space between profiles,
many of the debris anomalies have not been discretely mapped.
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Geophysical Investigation Summary Sheet
Interpretation Interpretation of the geophysical data indicates pockets of debris in each of

the identified trenches. Discrete concentrations of metallic waste were
identified in most of the trenches. Nonmetallic waste is interpreted to be
mixed with the metallic waste. Most of the waste is at least I to 2 m deep
and occasionally deeper. It is possible that there is more debris in the
trenches than was detected in the data and plotted on the interpretation map.

Most of the trenches were clearly evident in the data, with the exception of
Trenches 1, IA, 4A, and 6. These four trenches lack even subtle anomalies;
therefore, their existence cannot be confirmed. Based on Hanford Site
Drawing H-2-75149, trench series I through 6 were designed to be about
2.5 m deep with about 1.3 m separation. Given the proximity of the trenches
in the I through 6 series, it is quite possible that trenches may have been
constructed and may not be apparent in the geophysical data. They may
have been opened and backfilled with similar soils or never opened.
According to the drawing, trenches 7 and 8 are separated by 1 m. These
trenches were mapped, although the boundary between them could not be
distinguished.

Three East-West-oriented trenches were identified that are not shown on
drawing H-2-75149. They are north of the northernmost trench shown on
the drawing (Trench 9) and south of the 218-W- II Burial Ground. They
have characteristics similar to those in the other trenches in the 218-W- I
Burial Ground. Additionally, two pit-like areas not shown on the drawing
also were identified in this northern area; one of these has significant
metallic content (N360/E241).

Lessons learned The site is sufficiently large that local variability in soil/geologic conditions
affected the background character of the data. GPR often is the best tool at
the Hanford Site for mapping trenches and nonmetallic waste. A very
detailed GPR survey, using more closely spaced profiles, likely would have
enhanced the detection of some of the boundaries of the trenches. An
approach that would improve the success in locating and mapping the
trenches and contained debris would be to supplement the geophysics with
test pits/trenches. The pits would help in understanding the geophysical
signature that these subtle features produce, thus making it easier to identify
and map.



Table A5-1. Summary of Results from Burial Ground 218-W-1, 200 West Area. (3 Pages)

Trench Appox. Approx
Corne- Approx. Approx. Ends Center of Ends of the
lon, Center of o Trench, Documented Trench, Trench,

Based Trench, Base Based on Based on Based on Comments
Dra I, on e- -- ohyscal - -- Drawing Drawing

y-2-75149.- ophysW Dat Date H-2-75149, H-2-75149,
Rev. I Rev.1 RevA

I Not Determined Not Determined Dry Waste N268 E132 - E206 No clear evidence of the trench. Subtle indications of disturbed ground
might indicate some nonmetallic debris if the trench were opened.

1A Not Determined Not Determined Thy Waste N268 E210 - E282 No clear evidence of the trench. Subtle indications of disturbed ground
might indicate some nonmetallic debris if the trench were opened.

3 N274 El 33 - E208 Dry Waste N274 E132- E206 Good correlation between the geophysical data and the documented
location and length of the trench. Geophysical data suggest a mix of
metallic and nonmetallic waste. Center of anomalies corresponds with
documented trench dimensions. Clear break between Trench 3 and 3A.

3A Not Determined Not Determined Dry Waste N274 E210 - E282 Only subtle indications of disturbed ground in the documented trench
location. No notable metallic anomalies. Ground-penetrating radar
indicates some "soft" debris at about 1.5 to 2 m depth. The western third
of the trench is void of anomalies.

5 N280 E142-E205 Dry Waste N280 E132-E206 Good correlation between the geophysical data and the documented
location and length of the trench. Geophysical data suggest a mix of
metallic and nonmetallic waste, with several strong metallic anomalies.

5A Not Determined Not Determined Dry Waste N280 E210- E282 Only subtle indications of disturbed ground in the documented trench
location. No notable metallic anomalies. Ground-penetrating radar
indicates some "soft" debris at about 1.5 to 2 m depth. The western third
of the trench is void of anomalies.

6 Not Determined Not Determined Dry Waste N292 E132 - E206 No geophysical indication of excavation boundaries or buried debris.
6A N292 E214 - E282 Dry Waste N292 E210 - E282 Good correlation between the geophysical data and the documented

location and length of the trench. The only recognizable anomalies are
at the ends of the trench and indicate strong metallic/ferrous material.
The anomaly centered at N291/E277 appears rectangular/square in

Ishape.
4 N300 Not Determined Dry Waste N298 E157 - E206 The trench boundaries cannot be identified readily in the geophysical

data. The only observed anomalies, ferrous in character with ground-
penetrating radar depths on the order of 2 m, are at/near the ends of the
documented trench. Therefore, the trench ends are inferred. A shallow,
0.8 m disturbed zone is noted west of the inferred trench end and may
correlate with a ramp into the trench?
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Table A5-1. Summary of Results from Burial Ground 218-W-1, 200 West Area. (3 Pages)
Best

Trench Approx. Approx.
Corre- Approx. Approx. Ends Center of Ends of the

Center of of Trench, Documented Trench, Trench,
Trenct; Based Based n Based on Based on Comments-Based _ o Geo- Geophysical - eDrawing Drawing

w2-7514, physicadflh Data H-2-75149, H-2-75149,
Rev.74 IRev.I Rev. -

4A Not Determined Not Determined Dry Waste N298 E210-E282 Minimal geophysical evidence for this trench. No clear excavation
boundaries are observed, although the adjacent trenches easily can
overlap because of the minimal spacing between trenches.

2 N294 E157-E202 Dry Waste N304 E157-E206 Good correlation between the geophysical data and the documented
location and length of the trench. Geophysical data suggest a mix of
metallic and nonmetallic waste, with several strong metallic anomalies.
Most anomalies are on the order of 2 m below the surface.

2A N304 E210 - E280 Dry Waste N304 E210 - E282 Good correlation between the geophysical data and the documented
location and length of the trench. Geophysical data suggest a mix of
metallic and nonmetallic waste, with several strong metallic anomalies.
Depth to anomalies varies from 1 to 2 m below the surface.

7 N314 E133 - E274 Dry Waste N314 E132 - E282 Good correlation between the geophysical data and the documented
location, width, and length of the trench. Geophysical data suggest a
mix of metallic and nonmetallic waste.

8 N322 E136 - E271 Dry Waste N322 E132 - E282 Good correlation between the geophysical data and the documented
location, width, and length of the trench. Geophysical data suggest a
mix of metallic and nonmetallic waste. A strong metallic anomaly(s)
was detected about 2.5 m below the surface, centered at E200.

9 N350 E133- -E280 Dry Waste N350 E132 - E282 Good correlation between the geophysical data and the documented
location, width, and length of the trench. Geophysical data suggest a
mix of metallic and nonmetallic waste. The western half of the trench is
dominated by metallic features, and the eastern half appears to be
dominated more by nonmetallic waste.

Undocu- N360 E142 - E205 Unknown Unknown Unknown Geophysical data suggest a mix of metallic and nomnetallic waste,
mented although most of the anomalies are sube, with minimal ground-

penetrating radar debris character.
Undocu- N372 E136 - -E250 Unknown Unknown Unknown Trench boundaries are relatively well defined from E136 to E250.
mented Geophysical data suggest a mix of metallic and nonmetallic waste.

Minimal ferrous/metallic debris is noted from E196 to E250.
Undocu- N384 E133 - E226 Unknown Unknown Unknown Trench boundaries are relatively well defined from E142 to E220.mented I I Geophysical data suggest a mix of metallic and nonmetallic waste.
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Table A5-1. Summary of Results from Burial Ground 218-W-1, 200 West Area. (3 Pages)

Trench Approx- Approx.

Corre- Approx. Approx. Ends Center of Ends of the
Center of of Trench, Decanted Trench, Trench,lation, Tre ;Based Based on Waste pe Based on Based on Comments

D'=" - mnGeo- Gopysc Drawing Drawing-
H-2-7ag physical Data Data H-2-75149, H-2-45149,1-75149, Rev. 1 Revi. 1

Rev.1-

Undocu- Pit centered at NA Unknown Unknown Unknown Pit-like anomaly, about 12 in in diameter. The anomaly is dominated by
mented N360/E241 metallic/ferous material. Depths vary from 0.5 to over 2 in below the

surface. This feature could be associated with the trench mapped along
N360, but likely is a standalone feature caused by interpreted excavation
boundaries on the west side of the feature.

Undocu- Pit centered at NA Unknown Unknown Unknown Pit-like anomaly, irregularly shaped This anomaly could be related to
mented N388/E254 the trench mapped along N384, or could be a separate burial feature.
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Figure A5-1. Geophysical Investigation Results, 218-W-l Burial Ground, 200 West Area,
June 2006.
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Figure A5-2. Electromagnetic [nduction (EM3 1) Ground Conductivity Data,
218-W- I Burial Ground, 200 West Area, June 6, 2006.
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Figure A5-3. Electromagnetic Induction (EM31) In-Phase Data,
218-W-1 Burial Ground, 200 West Area, June 6, 2006.
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Figure A5-4. Total Magnetic Field (G-858/G) Data, 218-W-I Burial Ground,
200 West Area, June 6, 2006.

N400 1

N370

N340-

N310

N280J

N250-

N220-

N190-

N160

N130+

N100

C
C
I

Scale in Meters

0 15 30 45 60

* -

-J

~- - - N (

*W

Magnetic Field
218-W-1 and -2
June 6, 2006

A-51

5000
4800
4600

-4400
4200
4000
3800
3600
3400
3200
3000
2800
2600
2400
2200
2000
1800

-1600
1400
1200
1000
800
600
400
200
0

Vertical Gradient
(Absolute Value)

(Gamma)



D&D-30708 REV 0

This page intentionally left blank.

A-52



D&D-30708 REV 0

A6.0 218-W-2 BURIAL GROUNDS GEOPHYSICAL
INVESTIGATION SUMMARY AND DATA PLOTS
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Geophysical Investigation Summary Sheet
Site Name 218-W-2 Burial Ground

Location 200 West Area

Approximate size 180 m x 180 m (-7 acres)

Burial Ground Information Per Hanford Site Drawing H-2-2503, this burial ground contains 20
documented East-West trenches of similar length and width.

Terrain Generally flat throughout the site.

Vegetationiground cover Variable vegetation, ranging from little to immature thick Russian thistle to
scattered bunch grass and cheat grass. The soil typically was gravelly sand.

Hydrological properties Surface relatively dry at time of data collection, although heavy rains fell a
few days before data collection.

Limitations/obstacles None

Overall assessment for Electromagnetic induction and magnetic methods were the most effective at
geophysical Investigation meeting project objectives. GPR data quality varied from average to good.

Equipment
Ground Penetrating Radar Geophysical Survey Systems, Inc., SIR-10A GPR system with 200 MHz

(GPR) antenna

Electromagnetic Induction Frequency domain EMI: Geonics Limited, EM31 Ground Conductivity
(EMI) Meter with Wescor, Inc., Polycorder 720.

Total Magnetic Field Geometrics, Inc., G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters
Grid location control and Base grid staked at 30 m centers by Fluor personnel using Global Positioning

data collection lines System instruments with coordinates supplied by North Wind, which were
based on Hanford Site Drawing H-2-2503. The overall base grid is
combined with the 218-W-1 Burial Ground site. The dimensions for the
218-W-2 Burial Ground extended 180 m N-S, 180 m E-W, from geophysical
coordinates 4N83 to N263 and from EICO to E280; data collection lines
were flagged at 6 m centers in East-West and North-South direction along
base grid nodes.

SIR-10A Data were collected with the antenna towed behind a 4 x 6 all-terrain vehicle
(Gator Utility Vehicle '). Marks were placed in the data as the instrument
passed position flags or stakes. Data were stacked (2 signals), recording
window 108 ns, gains and filters set in field to match soil conditions. Hard
copy plots of data were printed in the office on a thermal printer for
interpretation. Two East-West profiles and two North-South profiles were
collected along each 30 m baseline. Additional North-South profiles were
collected roughly every 6-12 m between the bases. Numerous East-West
profiles were collected down the estimated center line of trenches depicted
from the EM31 and/or magnetic data.

1Gator Utility Vehicle is a trademark of John Deere & Company, Moline, Illinois.
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Geophysical Investigation Summary Sheet
EM31 Data were collected at hip height in the vertical dipole mode on 1.5 m station

spacing and 3 m line spacing on North-South oriented lines. Data were
downloaded from the Polycorder and written to a .xyz data file using
Geonics DAT3 .exe. Corrections of position errors during data collection (if
any) are made in standard spreadsheet software such as Microsoft Excel 2.
Data were gridded and plotted using Surfer 3. Cell size for data plots is
nominally 3 m (cross line) x 1.5 m (down line).

2 Excel is a trademark of Microsoft Corporation, Redmond, Washington.
'Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

G-8581G Data were collected with sensors 0.5 and 1.5 m above the ground in
continuous sampling mode, with samples recorded every 0.5 seconds
(nominal 0.5 m data spacing), and fiducial positioning marks placed every
30 m, on lines spaced 3 m apart. Data were collected in the North-South
direction with the sensors oriented East-West at a 45-degree angle to the
horizon. Data were downloaded from the field instrument, filtered for spikes
and dropouts (if any), corrected for position errors (if any), and written to a
.xyz file using Geometrics, Inc., MagMapper2000.exe. Data were gridded
and plotted using Surfer. Grid cell size fir the data plots is nominally 3 m
(cross line) x 0.5 m (down line).

Results
Data Discussion Refer to data plots A6-1 through A6-4 and Table A6-1 fir the following

discussion.

The magnetic data produced anomalies that appear to be from ferrous
metallic debris buried in the trenches, as well as basalt-rich fill material that
was used to fill in the trenches, or perhaps as added fill to parts of the burial
ground. The Columbia River Basalt that dominates the region often is high
in iron and influences magnetic data when the soil is rich in basalt, and more
so when the soils are compacted.

The EMI data mapped pockets of metallic debris as well as changes in the
conductivity of the soil. The in-phase data best reflected where the metallic
debris is buried in the trenches. The conductivity data show the variable soil
conditions across the site and show where the largest pockets of conductive
(most often metallic) debris are located.

The GPR data were effective at mapping the trench boundaries when the
trenches had space between them. The GPR data also indicate that much of
the debris was buried 2 m or more below the surface, although in several
areas the anomalies from debris are much shallower. Because of the
reconnaissance nature of the investigations, and space between profiles,
many of the anomalies have not been discretely mapped.
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Geophysical Investigation Summary Sheet
Interpretation of the geophysical data indicates that pockets/zones of debris
are located and mapped in each of the identified trenches. Discrete
concentrations of metallic waste were identified in most of the trenches.
Nonmetallic waste is interpreted to be mixed with the metallic waste. The
vast majority of the anomalies are greater that I m below the surface and
more typically 1.5 to 2+ m deep. It is possible that there is more debris in
the trenches than was detected in the data and plotted on the interpretation
map.

All twenty of the trenches shown on Hanford Site Drawing H-2 2503 were
clearly evident in the data. They all are generally the same length and width
as shown on the drawing. Some of the trench centerlines, from the
geophysics, are a few meters different than the drawing indicates, but the
geophysics centerlines are based on debris concentrations and not
necessarily on the actual trench opening. Individual discussions for each
trench are included in Table A6- 1.

Lessons learned The site is sufficiently large that local variability in soil/geologic conditions
affected the background character of the data. GPR often is the best tool at
the Hanford Site for mapping trenches and nonmetallic waste. A very
detailed GPR survey, using more closely spaced profiles, might enhance the
detection of some of the boundaries of the trenches.

Interpretation



Table A6-1. Summary of Results from Burial Ground 218-W-2, 200 West Area. (3 Pages)
- p Approx Approx.

Trench Center
Corre- of Approx. Ends Center of Ends of
latIn, Treach, of Trench, D -tumenft. Trenc, Trench

Based os B- B6-Aid on Waste T Based on from Comments
Drawing an Gen. physical Dat DrawH Drawing
H-2-2503, physical H-2-2 , H-2-2503,

Rev. 3 Data Rev.3 Rev.3

I N260 -E130 - E283 Dry Waste N258 E136 - Good correlation between the geophysical data and the documented location, width,
E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic

waste. Minimal recognizable debris from E190 to E280.
4 N249 E130- E280 Dry Waste N249 E136 - Good correlation between the geophysical data and the documented location, width,

E283 and length of the trench. Geophysical data suggests a mix of metallic and
nonmetallic waste, with the primary concentration from E154 to E220. Minimal
recognizable debris east of E220.

6 N241 E130 -- E283 Dry Waste N240 E136 - Good correlation between the geophysical data and the documented location, width,
E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic

waste, with the primary concentration from E154 to E244.
7 N232 E133 - -E277 Dry Waste N231 E136 - Good correlation between the geophysical data and the documented location, width,

E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic
waste, with the primary concentration from E142 to E262.

8 N224 E130-E280 Dry Waste N222 E136- Good correlation between the geophysical data and the documented location, width,
E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic

waste, with the primary concentration from E142 to E262.
9 N211 E127-E270 Dry Waste N213 E136- Good correlation between the geophysical data and the documented location, width,

E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic
waste, with the primary concentration from E145 to E250.

10 N205 E130- Dry Waste N204 E136- Good correlation between the geophysical data and the documented location, width,
Unknown E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic

waste, with the primary concentration from E136 to E268.
II N196 E127 -E283 Dry Waste N195 E136- Good correlation between the geophysical data and the documented location, width,

E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic
waste, with the primary concentration from E127 to E273.

12 N186 E122 - E280 Dry Waste N186 E136- Good correlation between the geophysical data and the documented location, width,
E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic

waste, with the primary concentration from E130 to E274.
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Table A6-1. Summary of Results from Burial Ground 218-W-2, 200 West Area. (3 Pages)
Best~ - Aprokappo

Trench Center Approx. Appro
Corre- of Approx. Ends Center of Endsof
lation, Trends, -of Trench, Docoented Trench, Trench

Based on Based - Based on Ge- Waste Based on from Comments
)rawlig on Gastesil Drwn Hrawing

H-2-2503, physical H-2-2503 H-2-2503
Rev. 3 Data Rev.3 Rev.3

13 N178 E130 - E280 Dry Waste N177 E136 - Good correlation between the geophysical data and the documented location, width,
E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic

waste, with the primary concentration from E130 to E268.
14 N169 E133 - Dry Waste N168 E136- Good correlation between the geophysical data and the documented location, width,

Unknown E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic
waste, with the primary concentration from E142 to E272.

15 N161 E135--~E280 Dry Waste N159 E136- Good correlation between the geophysical data and the documented location width
E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic

waste, with the primary concentration from E145 to E274.
16 N153 E133 -- E283 Dry Waste N150 E136 - Good correlation between the geophysical data and the documented location width,

E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic
waste, with the primary concentration from E139 to E271.

17 N44 E127 - E280 Dry Waste N141 E136- Good correlation between the geophysical data and the documented location width,
E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic

waste, with the primary concentration from E139 to E256.
Anomaly E122 N124 -N145 NA NA NA North-south pit/trench west of the designed trenches. The geophysical data do not
outside of indicate significant metallic material in the anomalous zone. Ground-penetrating
the trench radar indicates a feature at about 0.8 to I m below the surface at N135/E123.

design

18 N135 E133 - E283 Dry Waste N133 E136 - Good correlation between the geophysical data and the documented location, width,
E283 and length of the trench. Minimal metallic and ferrous debris throughout the trench.

19 N126 E130- E280 Dry Waste N124 E136- Good correlation between the geophysical data and the documented location, width,
E283 and length of the trench. Minimal metallic and ferrous debris throughout the trench.

20 N116 E130-E283 Dry Waste N114 E136- Good correlation between the geophysical data and the documented location, width,
E283 and length of the trench. Geophysical data suggest a mix of metallic and nonmetallic

waste, with the primary concentration from E130 to E274.
3 N106 Not Dry Waste N106 E136- Good correlation between the geophysical data and the documented location, width,

Determined E283 and length of the trench. Metallic and ferrous debris are concentrated near the ends
I _of the trench. No clear evidence of debris from -E175 to E240.
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Table A6-1. Summary of Results from Burial Ground 218-W-2, 200 West Area. (3 Pages)
Best Approx.Best Appox.Apprm. Approx.Trench CenterAprx Apo-

Carn- of Approx. Ends Center of Ends of
lade, Trench, ofTrench, Dcumted Trench, Trench

Based on Based Based on Geo- Waste Type Based on from Comments

Drawing on Geo- physicl Data Drawing Drawing
H-2-_25g, physica l Dt H-2-2503, H-2-2503,

HR ph. )Dat Rev. 3 Rev. 3Rev. 3 DataI
5 N98 Not Dry Waste N97 E136- Good correlation between the geophysical data and the documented location, width,

Determined E283 and length of the trench. Multiple, large metallic anomalies between E160 and E185.
2 N90 Not Dry Waste N87 E136- Good correlation between the geophysical data and the documented location, width,

Determined E283 and length of the trench. The central portion of the trench has minimal anomalies.
A large metallic/ferrous anomaly at -E272 near the eastern end of the trench.
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Figure A6-1. Geophysical Investigation Results, 218-W-2 Burial Grounds,
200 West Area, June 2006.
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Figure A6-2. Electromagnetic Induction
218-W-2 Burial Grounds, 200

(EM3 1) Ground Conductivity Data,
West Area, June 6, 2006.
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Figure A6-3. Electromagnetic Induction (EM3 1) In-Phase Data,
218-W-2 Burial Grounds, 200 West Area, June 6, 2006.
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Figure A6-4. Total Magnetic Field (G-858/G) Data,
218-W-2 Burial Grounds, 200 West Area, June 6, 2006.
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A7.0 218-W-3 BURIAL GROUND GEOPHYSICAL
INVESTIGATION SUMMARY AND DATA PLOTS

A-65



D&D-30708 REV 0

Geophysical Investigation Summary Sheet
Site Name 218-W-3 Burial Ground

Location 200 West Area

Approximate size 210 m x 180 m (~8.2 acres)

Burial Ground Information Per Hanford Site Drawing H-2-32095, this burial ground contains 20
East-West-oriented trenches approximately 153 m (500 ft) long.

Terrain Generally flat, some low (<I m) surface undulations in places

Vegetation/ground cover No vegetation. Silty gravel surface material, with some sand.

Hydrological properties Surface dry at time of data collection. Rain event approximately I week
before data collection.

Limitationslobstacles No significant limitations or obstacles.

Overall assessment for Data were adequate to meet project objectives.
geophysical Investigation

Equipment

Ground Penetrating Radar Geophysical Survey Systems, Inc., SIR-10A GPR system with 200 MHz
(GPR) antenna

Electromagnetic Induction Frequency domain EMI: Geonics Limited, EM31 Ground Conductivity
(EMI) Meter with Wescor, Inc., Polycorder 720.

Total Magnetic Field Geometrics, Inc., G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters

Grid location control and Base grid staked at 30 m centers by Fluor personnel using Global Positioning
data collection lines System instruments and coordinates supplied by North Wind, which were

based on Hanford Site Drawing H-2-32095. Data collection lines were
flagged at 6 m centers in East-West direction along base grid.

SIR-10A Data were collected with the antenna towed behind a 4 x 6 all-terrain vehicle
(Gator Utility Vehicle 1). Marks were placed in the data as the instrument
passed position flags or stakes. Data were stacked (2 signals), recording
window 108 ns, gains and filters set in field to match soil conditions. Hard
copy plots of data were printed in the office on a thermal printer fbr
interpretation.

Utily Vehicle is a trademark of John Deere & Company, Moline, Illinois.

EM31 Data were collected at hip height in the vertical dipole mode on 1.5 m station
spacing and 3 m line spacing on North-South-oriented lines. Data were
downloaded from the Polycorder and written to a .xyz data file using
Geonics DAT3 .exe. Corrections of position errors during data collection (if
any) are made in standard spreadsheet software such as Microsoft Excel 2

Data were gridded and plotted using Surfer 3. Cell size for data plots is
nominally 3 m (cross line) x 1.5 m (down line).

Excel is a tridemark of Microsoft Corporation, Redmond, Washington.
'Surfer is a trademark of Golden Software, Inc., Golden, Colorado.
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Geophysical Investigation Summary Sheet
G-8581G Data were collected with sensors 0.5 and 1.5 m above the ground in

continuous sampling mode with samples recorded every 0.5 seconds
(nominal 0.5 m data spacing), and fiducial positioning marks placed every
30 m, on lines spaced 3 m apart. Data were collected in North-South
direction with the sensors oriented East-West at a 45-degree angle to the
horizon. Data were downloaded from the field instrument, filtered for spikes

and dropouts (if any), corrected for position errors (if any), and written to a
.xyz file using Geometrics, Inc., MagMapper2000.exe. Data were gridded

and plotted using Surfer. Grid cell size for the data plots is nominally 3 m
(cross line) x 0.5 m (down line).

Results
Data Discussion Refer to data plots A7-1 through A7-4 and Table A7-1 for the following

discussion.

EMI and magnetic data show low-to-moderate amplitude anomalies aligned
generally in an East-West trend across the site. Relatively few high-
amplitude EMI and magnetic anomalies are scattered throughout the site.
Large areas of the site show no EMI and/or magnetic anomalies.

Along the eastern edge of the site, the EMI and magnetic data depict a
North-South alignment of anomalies. It is possible that this trend of
anomalies is an artifact in the data caused by a geophysical response to a

gravel road that is located near the ends of the East-West trenches.

The anomalies in the GPR data are typically in groups, approximately
greater than 1 m deep and aligned with the East-West EMI and magnetic
anomalies. The GPR data also show a North-South trend of anomalies along

the eastern edge of the investigation area, which correlates with the other
methods.

Interpretation Fourteen East-West-oriented trenches were identified in the geophysical
data. This number could be slightly greater or smaller, depending on the
subtle identification of the boundaries. All of the trenches have varying
amounts of metallic debris. The trenches appear to be in groups of 2 to 3,
with very little space between them, making the distinction of individual
trenches within the groups difficult. One North-South-oriented trench is
interpreted along the eastern edge of the site, although this may be an artifact

in the data caused by the gravel road located here. All of the debris within
the trenches appears to be buried greater than 1 m, some up to 2 m deep.

The southeastern corner of this survey extended into the 218-W-2A Burial
Ground. A portion of Trench 1 of the 218-W-2A Burial Ground was
detected and plotted.
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Table A7-1. Summary of Results from Burial Ground 218-W-3, 200 West Area. (3 Pages)

Number Center o Ends of Approx. Approx.
Numbe Cnrof Ens Center of Ends of theas Tranch, Trench, Docnted Trench, Trench,-

-S - -st B o Waste Type -Basedon Based onoments
-on - -- -Gas.--- Gen - -

figre t tf h a- --- - - Drawing Drawing
A - Det Data H-2-32095 H-2-32095

A N107 E148 - E250 Dry Waste NA NA Reasonable correlation between the geophysical data and the documented
centerline of Trench 1 from the drawing. Geophysical data suggest a mix of
metallic and nonmetallic waste. Large ferrous metal object(s) at E196, E210,
and E235.

B NI18 E154-E250 Dry Waste NA NA The trench interpreted from the geophysical data appears to have an irregular
centerline. It may be that there are two closely spaced trenches that could not be
distinguished in the data. Geophysical data suggest a mix of metallic and
nonmetallic waste. Large ferrous metal object(s) at E178 and E214.

C N150 E118-E250 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
spacing and therefore cannot be directly correlated with trench locations as
shown on Hanford Site Drawing H-2-32095. Geophysical data suggest a mix of
metallic and nonmetallic waste. Large ferrous metal object(s) at E122 and E232;
otherwise very little ferrous material in this trench.

D N164 E118-E250 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
spacing and therefore cannot be directly correlated with trench locations as
shown on Hanford Site Drawing H-2-32095. Geophysical data suggest a mix of
metallic and nonmetallic waste. Ferrous metal objects located throughout the
length of this trench.

E N175 El18 - E250 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
spacing and therefore cannot be directly correlated with trench locations as
shown on Hanford Site Drawing H-2-32095. Geophysical data suggest a mix of
metallic and nonmetallic waste. Large ferrous metal objects west of E136 and at
E154. Based on a lack of geophysical anomalies in some areas, significant
portions of this trench contain either no waste or soft (nonmetallic) waste.

F N196 on E124 - E250 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
west end, spacing and therefore cannot be directly correlated with trench locations as
N190 on shown on Hanford Site Drawing H-2-32095. This trench has a diagonal
east end centerline relative to others in this burial ground. Geophysical data suggest a

mix of metallic and nonmetallic waste. Large ferrous metal objects at E128,
E150, E193, E228, and E240. Based on a lack of geophysical anomalies in some
areas, significant portions of this trench contain either no waste or soft
(nonmetallic) waste.
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Table A7-1. Summary of Results from Burial Ground 218-W-3, 200 West Area. (3 Pages)
ch- -Approx-- Approx. - - -pp-o-

Number -Conterof Endsof Approx. Approx-
Center of Ends of theMe Trench, Treack, Documented Trench, Trench,

She" based on Based on Comments
Ge __GWse ye sedn Eseo

Figure physical physical H-2-209 Dnw
A7--1- -- t -H-- -2---9

G N213 E124-E250 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
spacing and therefore cannot be directly correlated with trench locations as
shown on Hanford Site Drawing H-2-32095. Geophysical data suggest a mix of
metallic and nonmetallic waste. Based on a lack of geophysical anomalies in
some areas, significant portions of this trench contain either no waste or soft
(nonmetallic) waste.

H N234 on E124-E250 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
west end, spacing and therefore cannot be directly correlated with trench locations as
N228 on shown on Hanford Site Drawing H-2-32095. This trench has a diagonal
east end centerline relative to others in this burial ground. Geophysical data suggest a

mix of metallic and nonmetallic waste. Large fanous metal objects at
E128 - E133 and E184. Based on a lack of geophysical anomalies in some areas,
significant portions of this trench contain either no waste or soft (nonmetallic)

____waste. C0

I N247 El 18 - E214 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
spacing and therefore cannot be directly correlated with trench locations as
shown on Hanford Site Drawing H-2-32095. Geophysical data suggest a mix of o
metallic and nonmetallic waste. Large fanous metal objects at E128 - E133.
Based on a lack of geophysical anomalies in some areas, portions of this trench
contain either no waste or soft (nonmetallic) waste.

J N253 E214 - 238 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
spacing and therefore cannot be directly correlated with trench locations as
shown on Hanford Site Drawing H-2-32095. This trench is interpreted from a
short section of buried waste that does not appear to align with Trenches 9 or 11,
which are on either side of it. Geophysical data indicate metallic debris.

K N258 E112-E190 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
spacing and therefore cannot be directly correlated with trench locations as
shown on Hanford Site Drawing H-2-32095. Geophysical data suggest a mix of
metallic and nonmetallic waste. Based on a lack of geophysical anomalies in
some areas, portions of this trench contain either no waste or soft (nonmetallic)
waste.
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Table A7-1. Summary of Results from Burial Ground 218-W-3, 200 West Area. (3 Pages)
Triiich Abpiir. Apjirov
Number Center of Ends of Approx E Approx

as Tremd,, Trench, Center of Ends of the
shown a Documented Trench, Trench, commentsShow basd on Base on Waste Type Based on Based an Cmet

oy - hyfea Drawing Drawing

A7-1 DaTh - Dt -H-2-32095 H-2-32095

L N268 E184- E250 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
spacing and therefore cannot be directly correlated with trench locations as
shown on Hanford Site Drawing H-2-32095. This trench is interpreted from a
short section of buried waste that does not appear to align with Trenches 11 or
13, which are on either side of it. Geophysical data indicate metallic debris.

M N283 on E124 - E250 Dry Waste NA NA Trenches C through N interpreted from the geophysical data do not have regular
west end, spacing and therefore cannot be directly correlated with trench locations as
N275 on shown on Hanford Site Drawing H-2-32095. This trench has a diagonal
east end centerline relative to others in this burial ground. Geophysical data suggest a

mix of metallic and nonmetallic waste. Large ferrous metal objects at E136 and
E154.

N E250 NiQO - NA NA NA This trench does not correlate with any feature on Hanford Site Drawing
N280 H-2-32095. It is interpreted based on a North-South linear pattern of anomalies

along the east edge of the burial ground. Confidence in this interpretation is not
high. It is possible that this pattern is a combination of anomalies caused by
waste material at the ends of the East-West trenches and anomalies caused by the

- _North-South roadway at approximately this location.
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Figure A7-1. Geophysical Investigation Results, 218-W-3 Burial Ground, 200 West Area, June 2006.

-4
-a

a 0 6 .24nt.

e - a-mS- - s -

* S - a - S

4

71 -rsewm

NEN

H

_L1_

Ei - - ~ - I

N100-

a a0 8

U)
0F



D&D-30708 REV 0

Figure A7-2. Electromagnetic Induction (EM3 1) Ground Conductivity Data,
218-W-3 Burial Ground, 200 West Area, June 3, 2006.
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Figure A7-3. Electromagnetic Induction (EM3 1) In-Phase Data, 218-W-3 Burial Ground,
200 West Area, June 3, 2006.
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Figure A7-4. Total Magnetic Field (G858/G) Data, 218-W-3 Burial Ground,
200 West Area, June 3, 2006.
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A8.0 218-W-11 BURIAL GROUND GEOPHYSICAL
INVESTIGATION SUMMARY AND DATA PLOTS
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Geophysical Investigation Summary Sheet
Site Name 218-W-1l Burial Ground

Location 200 West Area

Approximate size (Expansion area) 60 m x 180 m

Burial Ground Information 2 documented East-West trenches/regulated storage areas.

Terrain Generally flat throughout the site.

Vegetation/ground cover Relatively vegetation free. The soil typically was gravelly sand.

Hydrological properties Surface relatively dry at time of data collection, although heavy rains fell a
few days before data collection.

Limitations/obstacles None

Overall assessment for Electromagnetic induction and magnetic methods were the most effective at
geophysical investigation meeting project objectives. GPR data quality varied from average to good.

Equipment
Ground Penetrating Radar Geophysical Survey Systems. Inc., SIR-10A GPR system with 200 MHz

(GPR) antenna

Electromagnetic Induction Frequency domain EMI: Geonics Limited, EM31 Ground Conductivity
(EMI) Meter with Wescor, Inc., Polycorder 720.

Total Magnetic Field Geometrics, Inc., G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters
Grid location control and Base grid staked at 30 m centers by Fluor personnel using Global Positioning

data collection lines System instruments and coordinates supplied by North Wind, which were
based on Hanford Site Drawing H-2-94250, Rev. 1. The overall base grid is
coupled with the 218-W-1 and -2 Burial Ground sites, maintaining a
consistent 30 m grid node spacing. The dimensions for the 218-W-1 1 Burial
Ground extended 120 m N-S, 202 m E-W, from geophysical coordinates
N100 to N220 and from E100 to E302; data collection lines were flagged at
6 m centers in East-West and North-South directions along base grid nodes.
The geophysical grid node N100/E100 corresponds with node N400/E100 of
the 218-W-1 Burial Ground survey area. Additionally, the area from N100
to N160 was previously surveyed in 2005.

SIR-10A Data were collected with the antenna towed behind a 4 x 6 all-terrain vehicle
(Gator Utility Vehicle '). Marks were placed in the data as the instrument
passed position flags or stakes. Data were stacked (2 signals), recording
window 108 ns, gains and filters set in field to match soil conditions. Hard
copy plots of data were printed in the office on a thermal printer for
interpretation. Two East-West profiles and two North-South profiles
typically were collected along each 30 m baseline. Additional North-South
profiles were collected, roughly every 6-12 m between the bases. Additional
East-West profiles also were collected every 6 .

Gator Utility Vehicle is a trademark of John Deere & Company, Moline, Illinois.
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Geophysical Investigation Summary Sheet
EM31 Data were collected at hip height in the vertical dipole mode on 1.5 m station

spacing and 3 m line spacing on North-South-oriented lines. Data were
downloaded from the Polycorder and written to a .xyz data file using
Geonics DAT3 .exe. Corrections of position errors during data collection (if
any) are made in standard spreadsheet software such as Microsoft Excel 2
Data were gridded and plotted using Surfer '. Cell size for data plots is
nominally 3 m (cross line) x 1.5 m (down line).

Excel is a trademaik of Microsoft Corporation, Redmond, Washington.
Surfer is a trademark of Golden software, Inc., Golden, Colorado.

G-868/G Data were collected with sensors 0.5 and 1.5 m above the ground in
continuous sampling mode with samples recorded every 0.5 seconds
(nominal 0.5 m data spacing), and fiducial positioning marks placed every
30 m, on lines spaced 3 m apart. Data were collected in the North-South
direction with the sensors oriented East-West at a 45-degree angle to the
horizon. Data were downloaded from the field instrument, filtered for spikes
and dropouts (if any), conected for position errors (if any), and written to a
.xyz file using Geometrics, Inc., MagMapper2000.exe. Data were gridded
and plotted using Surfer. Grid cell size for the data plots is nominally 3 m
(cross line) x 0.5 m (down line).

Results
Data Discussion Refer to data plots A8-1 through A8-4 and Table A8-1 for the following

discussion.
The intent of this data set was to expand to the north the initial geophysical
data set (D&D-28379), collected in 2005, another 60 m to resolve
uncertainties in the configuration of the 218-W-1I Burial Ground.

The EMI, magnetic, and GPR data show numerous small, isolated anomalies
scattered throughout the investigation area. South ofN60, two
concentrated areas of anomalies are contained within two separate
interpreted excavation areas. The top of the buried debris/anomalies varies
from 0.5 to 2.2 m below the surface in these two trenches/pits.
The magnetic data show anomalies that appear to be from ferrous metallic
debris buried in the trenches, as well as basalt-rich fill material that was used
to fill in the trenches, or perhaps as added fill to parts of the burial ground.
The Columbia River Basalt that dominates the region is often high in iron
and often causes magnetic anomalies when the soil is rich in basalt,
especially when the soils are compacted.

The EMI data mapped pockets of metallic debris as well as changes in the
conductivity of the soil. The in-phase data best reflected where the metallic
debris is buried in the trenches. The conductivity data show the variable soil
conditions across the site and show where the largest pockets of conductive
(most often metallic) debris are located.

The GPR data were effective at mapping the trench boundaries when the
trenches had space between them. The GPR data also indicate that much of
the debris was buried greater the I m below the surface, although a few
anomalies were shallower than I m. Because of the reconnaissance nature of
the investigations, and space between profiles, many of the anomalies have
not been discretely mapped.
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Geophysical Investigation Summary Sheet
Interpretation Two Hanford Site engineering drawings are available for reference for this

site. The older drawing (H-2-31268) shows only one trench at this burial
ground. A newer, revised drawing (H-2-94250) shows two East-West-
oriented trenches, the northern of which correlates with that shown on the
older drawing, but extended further to the west.
Investigation continued to the area just north of the 218-W-1 I Burial
Ground. As reported in the previous investigation report (D&D-28379), one
trench and one "pit" make up the 218-W-1 I Burial Gound/Regulated
Storage Site. The trench location correlates very well with the trench
documented in Hanford Site Drawing H-2-31268, Rev. 8. The discrete pit is
about 18 m east of this trench and is not depicted on any available drawings.
Given the quality of the geophysical data at this site, the interpreters are
confident that the southern trench shown in Hanford Site Drawing
H-2-94250 does not exist.
Five trenches were identified north of N160, which is in the southern part of
the 218-W-4A Burial Ground. There is a clear data character change at
about N160. This correlates with the documented location of the southern
boundary of the 218-W-4A Burial Ground, which was not specifically part
of this investigation. The mapped trenches extend from about El 15 to E295.
Pockets/zones of debris were located and mapped in each of the identified
trenches in the 218-W-4A Burial Ground. Discrete concentrations of
metallic waste were identified in most of the trenches. Nonmetallic waste is
interpreted to be mixed with the metallic waste. The vast majority of the
anomalies are greater that I m below the surface. It is possible that there is
more debris in the trenches than was detected in the data and plotted on the
interpretation map.



Table A8-1. Summary of Results from Burial Ground 218-W-1 I (Includes the Southern Part
of Burial Ground 218-W-4A), 200 West Area. (2 Pages)

Bst Tro Approf Apprut Appr Appro EidsC .e .. E. d ... Center oflf'Corrlation' Trnc Tfn& Trenfh,Baedon Baedon Baedon Documeated BTredtton BaRed onC
,Baen W ...... T:-X Drawing ...

H-2-31268 Hffr-2-32
Rev~ 8 physical phuswcal 1-2.-31268,Data Dati Ik st e.

219-W -11 Bur"o Ground
Unnumbered N140 E166 - Dry Waste N135 E170 - E215 Hanford Site Drawing H-2-94250, Rev. 1 (1993), depicts two
single east- E215 (E135 - E215 areas/trenches in this dry waste burial ground Older Hanford Site
west burial from DWG H- Drawing H-2-31268, Rev. 8 (1977), depicts only one trench, which

trench 2-94250) correlates with the eastern half of the northern trench shown on
H-2-94250. Only the eastern "half" of the northem trench, as shown on
H-2-31268, contains subsurface debris/wste and evidence of excavation
boundaries.

Unnumbered Not detected Not Dry Waste N121 No indication of subsurface disturbance in this area.
single east- detected
west burial

trench
No N145 E232 - Unknown NA NA Irregularly shaped excavation/pit with all the debris concentated in the

documented E273 center at about N145/E250, typically at about 2 m below the surface.
pit/tench Good evidence of excavation boundaries in the data
Widely NA NA NA NA NA Widely scatted, shallow, small metallic debris coves much of the site.

scattered, The debris appears to be within 0.5 m of the surface and likely within the
ne& surface "stabilization" layer. This type of anomaly/debris is very typical ofmany

metallic waste sites at the Hanford Site.
debris

_______214. 4A Auwl round
I N169 -E289 Unknown N169 E105 - E290 Hanford Site drawings for the 218-W4A Burial Ground show this trench

as number 1. The trench contains both metallic and nonmetallic material,
all within the documented East-West boundaries. The metallic material
tends to be concentrated in discrete areas.

2 N182 -E289 Unknown N181 E105 - E293 Hanford Site drawings for the 218-W-4A Burial Ground show this trench
as number 2. The trench contains both metallic and nonmetallic material,
all within the documnented East-West boundaries. The metallic inaterial
tends to be concentrated in discrete areas.
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Table A8-1. Summary of Results from Burial Ground 218-W-1 1 (Includes the Southern Part
of Burial Ground 218-W-4A), 200 West Area. (2 Pages)

Best Trench Approx. Approx. Approx. Approx EndsC Center of Endsof Cmter of
Caraltion' Tec,,rnh of Trench,

Based o DTrench, rmen Trench, Based on
Drawhg B*sed Bad ow s Typo Drawing

H-2-3 1268, - Gee- - Waste Type Drwn -- 32,
H ev. physical physical H--31268, H- 28,

Data Data Rev. 8
3 N195 Unclear Unknown N194 El05 - E296 Hanford Site drawings for the 218-W-4A Burial Ground show this trench

as number 3. The trench contains both metallic and nonmetallic material,
all within the documented East-West boundaries. The metallic material
tends to be concentrated in discrete areas.

4 N206 Unclear Unknown N205 El05 - E298 Hanford Site drawings for the 218-W-4A Burial Ground show this trench
as number 4. The trench contains both metallic and nonmetallic material,
all within the documented East-West boundaries. The metallic material
tends to be concentrated in discrete areas.

5 N217 Unclear Unknown N217 E105 - E300 Hanford Site drawings for the 218-W-4A Burial Ground show this trench
as number 5. The trench contains both metallic and nonmetallic material,
all within the documented East-West boundaries. The metallic material
tends to be concentrated in discrete areas.
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Figure A8-1. Geophysical Investigation Results, 218-W-1 1 Burial Ground, 200 West Area, June 2006.
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Figure A8-2. Electromagnetic Induction (EM3 1) Ground Conductivity Data,
218-W-1 I Burial Ground, 200 West Area, June 6, 2006.
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Figure A8-3. Electromagnetic Induction (EM31) In-Phase Data,
218-W-l I Burial
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Figure A8-4. Total Magnetic Field (G858/G) Data, 218-W-1 1
200 West Area, June 6, 2006
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A9.0 TRADEMARK PRODUCTS AND SOFTWARE CITED IN THIS
DOCUMENT

DAT3 1.exe is a trademark of Geonics Limited, Mississauga, Ontario, Canada.

DAT61.exe is a trademark of Geonics Limited, Mississauga, Ontario, Canada.

EM31 (ground conductivity meter) is a trademark of Geonics Limited, Mississauga, Ontario,
Canada.

EM61-MK2 (high sensitivity metal detector) is a trademark of Geonics Limited, Mississauga,
Ontario, Canada.

Excel is a trademark of Microsoft Corporation, Redmond, Washington.

G-858/G (cesium vapor magnetometer/gradiometer) is a trademark of Geometrics, Inc.,
San Jose, California.

Gator Utility Vehicle is a trademark of John Deere & Company, Moline, Illinois.

Lynx is a HarvestMaster brand electronic data acquisition system owned by Juniper Systems,
Inc., Logan, Utah.

MagMapper2000.exe is a trademark of Geometrics, Inc., San Jose, California.

Polycorder 720 is a registered trademark of Wescor, Inc., Logan Utah.

PRO4000 (data logger) is a trademark of Juniper Systems, Inc., Logan, Utah.

SIR-1OA (ground-penetrating radar system) is a registered trademark of Geophysical Survey
Systems, Inc., North Salem, New Hampshire.

Surfer is a trademark of Golden Software, Inc., Golden, Colorado.
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OVERLAYS OF GEOPHYSICAL INTERPRETATIONS WITH SITE DRAWINGS
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APPENDIX B

OVERLAYS OF GEOPHYSICAL INTERPRETATIONS WITH SITE DRAWINGS

This appendix presents the geophysical results, overlaid on a site drawing that shows the
expected locations of trenches within the burial grounds investigated (Figures B-I through B-8).

Alignment and scale on the overlays were achieved using coordinates on the various drawings
and standard conversions between old Hanford Site coordinate systems and new Washington
State Plane systems. The drawings generally were enlarged for these displays, which can distort
feature size and location. While the scale and alignment are considered generally good, they
have not been fully checked and verified for absolute accuracy.
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* H-2-124, 218-E-1 Dry Waste Burial Ground, Rev. 3

* H-2-2503, 218-W-2 Dry Waste Burial Ground, Rev. 3

* H-2-32095, Sheets 1 & 2, 218-W-2A Industrial Burial Ground & 218-W-3 Dry Waste
Burial Ground, Rev. 11

" H-2-32560, As-Built Dry Waste Burial Site #218-E-12A, Rev. 2

* H-2-33276, Sheet 1 of 24, Dry Waste Burial Ground 218-E-12B, Rev. 17 and Sheet 3 of
Rev. 6

* H-2-55534, 218-E2, E2A, E4, E5, ESA, & E9 Industrial Burial Ground Plan & Details,
Rev. 16

* H-2-75149, Dry Waste Burial Ground 218-W-1, Rev. I

* H-2-94250, Dry Waste Burial Ground 218-W-11, Rev. 1
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Figure B-1. Geophysical Results Overlaid on Drawing
H-2-124, 218-E-1 Burial Ground, July 2006.
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Figure B-2. Geophysical Results Overlaid on Drawing
H-2-55534, 218-E-2A Burial Ground, July 2006.
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Figure B-4. Geophysical Results Overlaid on Drawing
H-2-32560, 218-E-12A Burial Ground, July 2006.
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Figure B-5. Geophysical Results Overlaid on Drawing
H-2-75149, 218-W-1 Burial Ground, July 2006.
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Figure B-6. Geophysical Results Overlaid on Drawing
H-2-2503, 218-W-2 Burial Ground, July 2006.
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Figure B-7. Geophysical Results Overlaid on Drawing
H-2-32095, 218-W-3 Burial Ground, July 2006.
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Figure B-8. Geophysical Results Overlaid on Drawing
H-2-94250, 218-W-11 Burial Ground, July 2006.
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APPENDIX C

SOFTWARE VERIFICATION AND VALIDATION DATA FILE
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APPENDIX C

SOFTWARE VERIFICATION AND VALIDATION DATA FILE

To demonstrate proper contour calculation and placement (i.e., software verification), a regular
grid of arbitrary numbers was created and processed by the software. Shown in Figure C-I are
the numbers plotted in their respective locations. These data then were gridded using the nearest
neighbor method (as was used in the investigation). Contours were calculated by the software
and superimposed over the grid of numbers. Inspection of Figure C-1 shows that the contours
were correctly placed, based on the numbers shown in the grid.

FIGURE

Figure C-1. Software and Verification and Validation Demonstration,
Golden Software Surfer, Version 8.05, July 29, 2006.............................................C-2

C-1



D&D-30708 REV 0

Figure C-1. Software and Verification and Validation Demonstration,
Golden Software Surfer, Version 8.05, July 29, 2006.
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1 Introduction

This document summarizes the results of geophysical investigations conducted at four burial grounds
located within the 200 East and 200 West Areas of the Hanford Site. The geophysical investigations were
performed by Washington Closure Hanford, LLC (WCH) for CH2M HILL Plateau Remediation
Company during August and September 2009. The geophysical techniques used in the investigations
included ground-penetrating radar (GPR), electromagnetic induction (EMI), time-domain
electromagnetics (TDEM), and magnetic gradient and total field (magnetic) methods.

1.1 Scope and Objectives

The following burial grounds were investigated:

* 218-E-2

* 218-E-9

* 218-E-4

* 218-W-4A

The geophysical surveys were focused on characterization of the burial grounds. The objectives of the
characterization effort were to support verification of existing documentation for the burial grounds and to
determine the following:

* Locations of burial ground trench edges, ends, and centerlines

* Locations of buried waste or other significant features/anomalies

* Presence and extent of voids within a given trench

* Differentiation between different types of waste containers within a given trench

* Depth of soil cover above waste items

* Depth to trench bottom (where possible)

1.2 Background

Characterization of waste placed in 200 East Area and 200 West Area burial grounds was performed to
evaluate waste site conditions and to evaluate remediation alternatives to support cleanup/closure under
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980. The waste sites
addressed in this report are included in the 200-SW-2 Operable Unit (OU) radioactive landfills and
dumps. In accordance with the 200-SW-1 Nonradioactive Landfills Group Operable Unit and 200-SW-2
Radioactive Landfills Group Operable Unit Remedial Investigations/Feasibility Study Work Plan
(DOE/RL-2004-60), these nonintrusive geophysical investigations were performed to enhance conceptual
site models for the 200-SW-2 OU burial grounds.

An initial phase of geophysical investigations was performed at eight burial ground waste sites in 2005
and was documented in Geophysical Investigations Summary Report; 200 Area Burial Grounds: 218-C-9,
218-E-2A, 218-E-5, 218-E-5A, 218-E-8, 218-W-JA, 218-W-2A, and 218-W-11 (D&D-28379). Data from
previous investigations indicated that three of the eight burial grounds investigated (218-E-2A, 218-E-8,
and 218-W- 11) contain areas where the burial trenches extend beyond the areas initially surveyed.

1-1
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A second phase of geophysical investigations was conducted during June 2006, which is documented in
Geophysical Investigations Summary Report; 200 Area Burial Grounds: 218-E-1, 218-E-2A, 218-E-8,
218-E-12A, 218-W-1, 218-W-2, 218- W-3, and 218-W-11 (D&D-30708). The second phase was directed at
resolving the potential discrepancies at the 218-E-2A, 218-E-8, and 218-W- 11 landfills and also included
geophysical investigations at five other older, inactive landfills (218-E-1, 218-E-12A, 218-W-1, 218-W-2,
and 218-W-3).

Another geophysical investigation for the 200-SW-2 OU burial grounds was conducted in
September 2008 and is documented in Geophysical Investigations for Unused Portions of TSD Landfills
in the 200 Areas: 218-E-10, 218-E-12B, 218-W-4C, and 218-W-6 (SGW-39086). Large areas of the
218-W-4C, 218-E-10, and 218-E-12B landfills were intended to be used for buried waste but appear to
never have been used. Additionally, the entire 218-W-6 landfill does not appear to contain buried waste.

The current investigation, as described in this report, addresses burial grounds 218-E-2, 218-E-4, 218-E-9,
and 218-W-4A.

1.3 Geologic Setting

For the investigation, the depth of the geophysical instruments was generally limited to approximately
6 m (20 ft), although the residual total magnetic field (TMF) data can respond to much deeper targets, if
the targets are large enough. Therefore, only the shallowest aspects of site geology are pertinent to this
investigation, which include the Hanford formation and the surficial sediments.

The Hanford formation is the shallowest geologic formation recognized at the Hanford Site and consists
of deposits of poorly sorted gravels and coarse sands indicative of a high-energy depositional
environment. The surficial sediments overlying the Hanford formation are primarily eolian loess,
interspersed with lenses of sand and mixed gravels.

A comprehensive summary of the geology of the Hanford Site is presented in the Revised Stratigraphy
for the Ringold Formation, Hanford Site, South-Central Washington (WHC-SD-EN-EE-004).

1-2
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2 Methodology

The methodology used for the geological investigations is discussed in this chapter.

2.1 Survey Grid Parameters

CH2M HILL Plateau Remediation Company provided site drawings to WCH to develop base grids at
each site. Using the drawings, WCH determined the Washington State Plane coordinates (North
American Datum of 1983, as revised) to create base grids with 30 m (98.4-ft) nodes, extending to, or
beyond, the documented site boundaries. The grid nodes were intentionally chosen to be at Washington
State Plane coordinates ending at the nearest even 10 m (32.8-ft) increment. The Washington State Plane
coordinates were provided to Hanford Site civil survey personnel to stake the base grids in the field.
Survey reports for each of the four survey areas are included in Appendix A. The WCH personnel then
marked data collection lines at 6 m (19.7-ft) intervals between the 30 m (98.4-ft) nodes using fluorescent
pin flags.

Operators used the fluorescent pin flags to direct data collection along and in between the marked lines.
At burial grounds 218-E-2, 218-E-9, and 218-W-4A, data positioning along the lines was accomplished
by using a wheel encoder or by marking 30 m (98.4-ft) fiducials and interpolating locations between the
fiducials. At burial ground 218-E-4, a Trimble® Ag132 differential global positioning system (GPS) with
Ag20 light bar was used for navigation and location positioning for the electromagnetic and magnetic
surveys. The geophysical data plots are presented in Washington State Plane meters.

2.2 Geophysical Methods

The geophysical methods used in the investigations included EMI, TDEM, total and gradient magnetic
field, and GPR. These methods were selected because they are cost effective and nonintrusive, and they
have been proven successful in similar waste characterization projects conducted at the Hanford Site.

2.2.1 Frequency-Domain Electromagnetic Induction
The Geonics TM EM3 1 terrain conductivity meter (Figure 2-1) is a frequency-domain EMI instrument
designed to measure the apparent electrical conductivity of soil and to detect ferrous and nonferrous metal
(i.e., iron- and non-iron-containing) objects to depths of approximately 3 to 4 m (9.8 to 13.1 ft) in ideal
situations. The EM31 will typically detect a single 208 L (55-gal) drum to a depth of about 3 m (9.8 ft).
The EM31 meter consists of a transmitter coil and receiver coil at either end of a 4 m (13.1-ft)-long boom.
The transmitter generates pulses of electromagnetic energy (the primary field) at regular intervals, which
are transmitted into the ground and induce eddy currents in electrically conductive material (soil and/or
metal objects). The induced eddy currents generate their own electromagnetic field (the secondary field),
which transmits back to the instrument. The receiver coil on the EM31 meter measures and records the
strength of the secondary field, both in phase and out of phase with the primary field transmitter. The
in-phase component of the measurement is most strongly influenced by the presence of metallic objects in
the subsurface, while the out-of-phase component (quadrature component) is directly related to the
electrical conductivity of the surrounding soil.

Trimble@ Ag132 is a registered trademark of Trimble Navigation Limited, Sunnyvale, California.
Geonics TM EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.
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Figure 2-1. Geonics EM31 Terrain Conductivity Meter Configured
with Differential Global Positioning System

The in-phase component reading is given in parts per thousands of the amplitude of the secondary signal
to the primary signal. The out-of-phase component reading is given in units of electrical conductivity
(millisiemens per meter [mS/m]), which is the apparent conductivity of the soil in the vicinity of the
instrument, assuming homogeneous conditions. This assumption becomes less valid in the presence of
metal or other significant conductivity changes. However, generally the contrasts in conductivities are
used for interpretation (not the absolute values), so the validity of the assumption is usually irrelevant.

The EM31 meter is an ideal instrument for waste site characterization because of the relative speed and
ease with which it can cover an area. The normal mode of operation involves marking out regularly
spaced data collection lines and then walking down the lines with the instrument held at hip height,
collecting data at regularly spaced intervals. Both the in-phase and out-of-phase (terrain conductivity)
measurements are collected and plotted for analysis. The instrument is most useful for locating large
concentrations of buried metallic objects and for detecting subtle shifts in background soil properties.
While the EM31 meter is capable of detecting drum-size metallic objects to a depth of 3 to 4 in (9.8 to
13.1 ft) in ideal situations, the lateral resolution of the position of detected objects is on the order of
±1 m (±3.3 ft).

Conditions that limit the detection capability of the EM31 meter include high background soil
conductivities and proximity to cultural interference (e.g., buildings and fences). High soil conductivities
can limit the depth of investigation for the instrument, as high soil conductivity significantly attenuates
the propagation of the primary and secondary fields. (This is the same phenomenon that limits GPR depth
of investigation in areas of high soil conductivity.) Large, metallic surface cultural features can effectively
swamp the signal of the EM3 1 meter out to a distance of approximately 5 to 7 in (16.4 to 23 ft). Sites with
a significant number of buried utilities may also generate data that are difficult to interpret.
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Frequency-domain EMI data interpretation typically involves looking for horizontal contrasts in readings
of the two components recorded. Absolute amplitude and the rate of change in amplitude may also be
analyzed. These observations are used to identify anomalous locations, and the anomalies are then used to
infer the location of buried objects and/or debris. Comparing the presence of in-phase versus terrain
conductivity (quadrature phase) anomalies provides additional information. The in-phase component is
significantly more sensitive to large, discrete metallic objects than the quadrature phase. The quadrature
phase, in general, is more sensitive to long, extended targets (e.g., pipelines) and to the overall
terrain conductivity.

2.2.1.1 EM31 Data Collection Procedures
Data collection procedures are discussed in detail in the Geonics EM31 Terrain Conductivity Operating
Manual (Geonics 1994). The EM31 meter has the following specific key data collection and
processing attributes.

* Perform functional checks, as outlined in the manufacturer-supplied operator's manual. A functional
check was performed each day at a specific location with a geophysically quiet background. These
checks were documented and recorded electronically.

* Collect data along profiles that are spaced at a predetermined distance. The data are then typically
collected along the individual profiles at evenly spaced distances (either discretely or at constant time
intervals) while walking at a constant rate.

* Estimate visually, pace the location of data points, and/or use differential GPS guidance to collect
between surveyed grid points.

* Store raw field data on a data logger and subsequently download data to a computer for processing.

2.2.1.2 EM31 Data Processing Procedures
The EM31 meter has the following specific data processing parameters:

* Edit data for mislabeled lines, view in raw form along each profile, and convert to XYZ.dat files.

* Contour the data with the grid nodes near the actual data points (with closely spaced data) using
Surfer® software, or equivalent.

2.2.2 Total Magnetic FieldNertical Magnetic Gradient
A magnetometer measures the intensity of the earth's magnetic field. The presence of ferrous material
(manmade or natural) creates local variations in the strength of the earth's overall magnetic field. These
variations are proportional to several factors, including the mass of the ferrous material, as well as the
distance between the ferrous material and the detector. The distance is significant because it changes the
response by a factor of one over the distance cubed. The primary measurement is for TMF intensity. The
TMF, as the name implies, is a summation of all of the magnetic variables around the sensor. When the
ferromagnetic sources are close to the detector, large variations in the TMF can occur. Therefore, it often
is difficult to differentiate individual anomalies based on the TMF alone.

Surfer® is a registered trademark of Golden Software, Inc., Golden Colorado.
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To improve the resolution of a magnetic survey, the vertical magnetic gradient can also be measured. This
is accomplished by making two simultaneous TMF measurements at each data point, using two sensors
separated by a fixed vertical distance. The difference between the two measurements is the vertical
magnetic gradient (hereafter referred to as the magnetic gradient). The response to ferrous material falls
off at a rate of one over the distance to the fourth power. Because of this, the magnetic gradient
measurement should help differentiate individual anomalies and waste boundaries more efficiently than
the TMF alone. Both the TMF and the magnetic gradient values are typically displayed on contour maps
for analysis.

A Geometrics@ G-858G magnetometer/gradiometer consists of two cesium vapor magnetometers
(Figure 2-2). The magnetometers are mounted vertically on a pole with a 0.75 m (2.5 ft) separation. This
configuration is used to collect vertical gradient data. Each magnetometer independently records the total
field magnetic intensity. The gradient measurement is the difference in the total field measurements
between the two sensors. In essence, a single recording location consists of three values: a total field
measurement from the upper sensor, a total field measurement from the lower sensor, and the magnetic
gradient value.

Figure 2-2. Geometrics G-858G Cesium Vapor Magnetometer Configured in Vertical Gradient Mode

Geometrics ® is a registered trademark of Geometrics, Inc., San Jose, California.
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Three types of errors occasionally occur during data collection with the G-858G magnetometer/
gradiometer. The first type of error is a consequence of the cesium sensors being insensitive to magnetic
fields in certain orientations, creating "dead zones." To reduce this type of error, each sensor was oriented
to a position that would minimize dead-zone readings. The second type of erroneous reading occurs when
a recording is taken too close to a magnetically sensitive ferrous feature, which can result in a null
reading. The bottom sensor is typically more sensitive to null readings, because the sensor is usually the
closest to magnetically sensitive ferrous objects. The third type of error is caused by poor connections
between the sensors and the control unit.

Geometrics equipment provides some safeguard against these types of errors, including an audio warning
and a visual warning. The audio warning is often not effective in noisy areas. Monitoring the data visually
also has its limitations because of the glare of the sun or light on the control unit screen. When erroneous
readings are identified in the field, those data points are typically edited and re-collected. If the erroneous
readings are not identified in the field, they can be noted during the data-reduction phase and can be
edited at that time. If a null reading is recorded on either sensor, the gradient data are erroneous and also
must be edited. Editing during data reduction typically has minimal effect on the results because of the
close spacing of the individual data points. Magnetic field data are interpreted by identifying contrasts
(anomalies) in readings that are indicative of buried ferrous metal objects. The locations of the anomalies
are used to infer the location of buried objects or debris. The frequency of the vertical magnetic gradient
is useful to gauge the depth of magnetic anomalies. High-frequency targets are typically shallow in depth,
while broader, low-frequency anomalies are deeper. For simplicity of data plotting, the absolute value of
the vertical field is often used to minimize the dipole effect produced by some anomalies. For the total
field plots, the ambient field (ranging from 54350 to 54490 nT for these surveys) is subtracted from the
individual values to accommodate detailed contour maps.

2.2.2.1 Magnetic Data Collection Procedures
Data collection procedures are discussed in detail in G-858 MagMapper 25309-OM, Rev. D, Operations
Manual (Geometrics 2001). The G-858G magnetometer/gradiometer has the following specific key data
collection attributes.

* The cesium vapor magnetic sensors need to warm up before data collection begins at each site. The
warming up of the sensors is monitored on the control unit.

* Functional checks were performed as outlined in the manufacturer-supplied operator's manual. The
functional checks were performed each day at a specific location (the same location used for the
EM31 functional checks) with a geophysically quiet background. These checks were documented and
recorded electronically.

* The data are collected along the individual profiles at evenly spaced distances (either discretely or at
constant time intervals) while walking at a constant rate. Fiducial marks are inserted at known
intervals (30 m [98.4 ft] in this case) along surveyed node lines.

2.2.2.2 Magnetic Data Processing Procedures
Specific data processing procedures are as follows.

* Download the magnetic field data to a computer via Geometrics software (MagMap2000).

* Edit the data with all null readings (sensor null readings) removed from the data.

* Convert the data files to XYZ.dat format, which is compatible with Surfer software, or equivalent.
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* Contour the data using standard contour packages (e.g., Surfer software). Two types of contour maps
were the foundation for interpretation:

- Magnetic field vertical gradient: The absolute value of the difference between the top and bottom
sensor reading.

- Top sensor residual: Statistics were run for top sensor readings (the top sensor is less affected
than the bottom sensor by small, ground-surface debris) and the mean value was determined. The
mean value represents the ambient magnetic field, and this value subtracted from the TMF
represents the residual magnetic field.

2.2.3 Ground-Penetrating Radar
The GPR method uses a transducer to transmit frequency modulation (FM) frequency electromagnetic
energy into the ground. Interfaces in the ground (defined by contrasts in dielectric constants, magnetic
susceptibility, and, to some extent, electrical conductivity) reflect the transmitted energy. The GPR
system then measures the travel time between transmitted pulses and the arrival of reflected energy
(Figure 2-3). Buried objects (e.g., pipes, barrels, foundations, and wires) can cause all or a portion of the
transmitted energy to be reflected back toward a receiving antenna. Geologic features such as
cross-bedding, lateral and vertical changes in soil properties, and rock interfaces also can cause reflections
of a portion of the electromagnetic energy.

Figure 2-3. GSSI SIR-10A Ground-Penetrating Radar
Configured with a 200-MHz Antenna, Mounted on an All-Terrain Vehicle

The velocity of the electromagnetic energy is primarily controlled by the dielectric constant and magnetic
susceptibility of the medium. For calculating depth, values of electromagnetic velocities are determined
by measurement, experience in an area, ties to known buried reflectors, and knowledge of the
subsurface medium.
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The effective depth of investigation is a function of the transmitted power, receiver sensitivity, frequency
of the antenna, and attenuation of the transmitted energy from the geologic medium. The maximum depth
of investigation may vary significantly as a result of changing soil conditions. High attenuation and,
therefore, smaller penetration depths of the electromagnetic energy typically occur where the soil
conductivity is greater than 10 mS/m (and/or in areas with numerous reflective interfaces). The depth of
investigation is also affected by highly conductive material (e.g., metal drums or pipes) that essentially
reflect all the energy. The method cannot "see" directly below areas of highly reflective material because
all of the energy is reflected.

The reflected energy provides the means for mapping the subsurface features of interest, whether
synthetic or geologic. Display and interpretation of GPR data are similar to that of seismic reflection data
(i.e., data are displayed as horizontal distance versus time, depicting pseudo cross-sections of the earth).
When numerous adjacent profiles are collected, often in two orthogonal directions, a plan view map
showing the location and depth of the detected features can be generated.

The GPR data are interpreted by locating anomalies on the paper data records and then determining their
depth and spatial location. The location and depth of the anomalies are hand-plotted onto a map of the site
by the interpreter. A representative number of these anomalies are then transferred to computer-aided
drafting and design software to be plotted on the interpretation map. Because of the large number of
anomalies often interpreted in GPR data, the discretion of the interpreter is used to decide which
anomalies are transferred to the computer-aided drafting and design drawing to indicate important
information about the site.

2.2.3.1 Ground-Penetrating Radar Data Collection Procedures
Generic data collection procedures are discussed in detail in the SIR-IOA User's Manual (Geophysical
Survey Systems 1993). The subsurface interface radar, or SIR-IOA TM , has the following specific key data
collection and data processing attributes.

* Select the antenna best suited to meet survey objectives.

* Set the filters, gains, and other data collection parameters best suited for the local soil conditions.

* Pull the antenna along a series of parallel profiles within the established survey grid, then collect data
along profiles in the orthogonal direction, specifically when mapping unknown linear features in
various orientations.

* Record the data on the system hard drive.

* Conduct post-processing of data if warranted, and print records for interpretation.

* Interpret data using all available historical records, drawings, maps of surface features, and other
geophysical data sets.

For these investigations, GPR data were collected by pulling the antenna with an all-terrain vehicle.

SIR-10A T M is a trademark of Geophysical Survey Systems, Inc., North Salem, New Hampshire.
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2.2.3.2 Ground-Penetrating Radar Data Processing Procedures
The GPR data were processed by applying various horizontal filters, as necessary, before printing the data
records for interpretation. The horizontal filters (when used) had the effect of removing coherent noise
and/or background information so anomalies were more visible in the records. When filters were used on
records, unfiltered data were also plotted to provide multiple images of the data for interpretation.

2.2.4 Time-Domain Electromagnetics
The Geonics EM61 is a highly sensitive, high-resolution TDEM tool that is commonly used to detect
shallow (less than 3 m [9.8 ft]) ferrous and non-ferrous objects (Figure 2-4). It consists of a transmitter
that generates a pulsed primary magnetic field, which induces eddy currents in buried objects. The decay
of these currents is measured over time by two receiver coils. The response is recorded in the field and
later transferred to a computer for further processing and analysis.

Figure 2-4. Geonics EM61 High-Sensitivity Metal Detector

The amplitude of the response is highly dependent upon the distance between the coil assembly and the
target; therefore, small, near-surface anomalies will often produce a response that has larger amplitude
than much larger targets that are located deeper. To reduce this effect, the EM61 uses two coils and
processes the data by subtracting the response of a coil that is relatively close to the ground from the
response from the more distant upper coil. The arrangement of the coils makes the tool less sensitive to
interference from nearby surface features (e.g., fences). The EM61 provides good lateral discrimination of
the detected features.

The TDEM data can provide high spatial resolution where buried metal targets produce large horizontal
gradients in signal amplitude. The signal amplitude and horizontal rate of change are important for
identifying anomalies indicative of buried metal objects. Absolute amplitude from both the upper and
lower coils and the differential between the two coils are the typical parameters shown on the data
contour plots.
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2.2.4.1 EM61 Data Collection Procedures
Data collection procedures are discussed in detail in the EM61-MK2 4 Channel High Sensitivity Metal
Detector Operating Manual (Geonics 2000). Specific key data collection and processing attributes are
described below.

* Perform functional checks as outlined in the operator's manual supplied by the manufacturer.

* Null the system at a geophysically quiet location.

* Collect data along profiles spaced at a predetermined distance, at data points along individual profiles
at evenly spaced distances.

* For this survey, data increments were determined by a wheel encoder, with data points at 0.19 m
(0.62 ft). Fiducial marks are inserted at known intervals (30 m [98.4-ft] intervals along grid
node lines.

* Store data initially on a data logger (Juniper Systems® Pro 4000) and download to a computer via
Geonics' software (DAT61, Version 1.7 or later).

2.2.4.2 EM61 Data Processing Parameters
Data processing parameters for the EM61 metal detector are as follows.

* Edit data for mislabeled lines, view in raw form along each profile.

* Adjust survey geometry and make corrections for wheel encoder errors.

* Convert to XYZ.dat files.

* Contour the data with the grid nodes at the actual data points (with closely spaced data) using Surfer
software, or equivalent.

2.3 Approach to Data Collection

The initial GPR, EMI, and magnetic data at burial grounds 218-W-4A, 218-E-2, and 218-E-9 were
collected along north-south profiles, which were oriented perpendicular to the strike of the documented
east-west trending trenches. Data at burial ground 218-E-4 were also collected along north-south profiles
because documentation was not available to indicate if, where, or how the trenches could be oriented in
the burial ground. The magnetic and EMI profiles were spaced 3 m (9.8 ft) apart. This profile spacing and
orientation provides a reasonable potential of detecting anomalies that would be caused by significant
trench or pit contents, regardless of anomaly orientation.

Based on the results of the initial GPR, EMI, and magnetic data, supplemental TDEM and GPR data were
collected. The supplemental GPR data were collected down the long axis of the interpreted center of each
trench at all four of the burial grounds. The trench center lines were based on interpretation of the
initial data.

Juniper Systems® is a registered trademark of Juniper Systems, Inc. Corporation, Logan, Utah.
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The TDEM were collected over the entire 218-E-4 burial ground on profiles spaced 3 m (9.8 ft) apart.
The supplemental data were necessary to further characterize three suspect areas identified in the initial
data that appeared to have the characteristics of buried debris within a trench. The TDEM data were also
used to more accurately define the center line and long axis of the suspect trenches for the supplemental
GPR data.

The TDEM were collected over the entire 218-E-2 and 218-E-9 burial grounds on profiles spaced 3 m
(9.8 ft) apart. The data were collected in an attempt to differentiate the closely spaced trenches1 . The data
did not significantly improve trench delineation.

At 218-W-4A, TDEM were collected on profiles, spaced 2 m (6.6 ft) apart, in the northeastern corner of
burial ground where documentation exists of six vertical pipe units and two caissons.

Details of the data collection at each burial ground are discussed in the site investigation summaries
provided in Appendix B.

1 The locations of the trenches are provided in site drawing H-2-55534.
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3 Results

Summary-level interpretations of the geophysical data are presented in Figures 3-1 through 3-3. The
interpretation maps provided in these figures represent integration of all of the geophysical data, other site
information, and engineering drawings, as available.

Appendix B presents plots of the EMI, TDEM, and magnetic data that were collected, as well as details of
the investigation at each site. Surface feature base maps and overlays between data sets and surface
features are also presented in Appendix B. The large volume of GPR paper records makes presentation of
these data impractical; as such, electronic data will be retained in the 200-SW-2 OU project file
for reference.

Historical trench names are shown on the site/surface feature maps in Appendix B. The trench names are
used for reference in the interpretation discussion.

3.1 Geophysical Data Interpretation

Each site investigation has a unique combination of soil conditions, types of buried debris, and
surrounding surface interferences (e.g. fences, T-posts, and chains). Therefore, data presentation and
interpretation approaches may vary slightly from site to site. For example, the type of data (EMI, TDEM,
magnetic, or GPR) that is most useful at one site may not be as useful at another site because of
soil/geologic conditions, depths of burial, types of burial material, and background "noise." The following
discussion includes aspects of interpreting the different types of geophysical data collected for
this investigation.

3.2 General Discussion of Results

The data quality of the EMI, TDEM and magnetic data was good. A strong correlation was found
between data sets and very few sources of contamination in the data from objects such as fences and
T-posts. The GPR data quality was moderate at 218-E-2, 218-E-9, and 218-E-4, and the GPR data quality
was good at 218-W-4A.

The EMI, TDEM and magnetic data were used to interpret horizontal (X and Y locations) of buried
waste. The TDEM and the in-phase response from EMI data are used to identify metallic content,
magnetic data are used for identifying ferrous content, and the EMI terrain conductivity can be analyzed
for information on soft waste and trench boundaries based on differing bulk conductivities. Discussion is
limited generally to categorizing metallic, ferrous metal, and non-metallic waste types. Further
speculation is not warranted without more information on burial ground history. A contour level
of 50 nT/m was chosen for the vertical gradient magnetic data as an interpretation threshold for
identifying waste areas. This value represents a single 208 L (55-gal) drum in vertical orientation at a
distance of approximately 2.25 m (7.4 ft). A 5-mV contour level for the differential component was used
in the TDEM data representing a 208 L (55-gal) drum at 2.25 m (7.4 ft). The in-phase response from EMI
data is not as diagnostic as TDEM or magnetic data, and a phase change between the primary and
secondary field indicates the presence of metallic objects. A ±1 parts per thousand contour level, which
typically represents a significant amount of metal, was used to define the buried waste boundaries for
EMI interpretation. Major electromagnetic and magnetic anomalies are ±10 parts per thousand and
1,000 nT/m magnetic vertical gradient, respectively.
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The GPR profiles were collected in two orthogonal directions across each burial ground. The GPR data
were used to determine the X, Y, and Z locations of trench boundaries, the locations of buried waste, and
the features of interest (e.g., vertical pipe units at 218-W-4A). Average depths from the ground surface to
the top of buried targets/burial packages for general areas are posted within small rectangular boxes in the
graphics presented in this report (e.g., see Figure 3-1).

No voids were interpreted with the data that were collected. Even with very closely spaced data profiles,
recognition of voids is difficult and speculative.

3.2.1 218-E-2 and 218-E-9 Burial Grounds
The interpretation map (Figure 3-1) and data contour maps (Appendix B) should be referenced in regard
to the following discussion. Three primary zones of anomalies were identified in the electromagnetic and
magnetic data. Each zone has characteristics that are usually associated with trenches containing buried
debris. The northern most zone of anomalies correlates with the documented locations of Trenches #4, #5,
#6, #7, #10, and #12. The middle concentration of anomalies correlates with Trench #8, and the
southernmost zone correlates with Trenches #9 and #11.

The GPR profiles were collected across each of the zones of anomalies. The data were used to determine
the average thickness of the fill dirt over the top of the debris and, in some cases, the edges of the
excavation for a trench.

In general, the documented layout and trench boundaries 2 are supported with the geophysical data.

* Trenches #4, #5, #6, #7, #10, and #12: Drawing H-2-55534 shows six trenches oriented east-west
within an area approximately 145 m by 45 m (476 ft by 148 ft). There is evidence of multiple
trenches in the geophysical data; however, there is not a clear delineation between trenches. The
average depth to the top of the debris from the ground surface is generally I to 2 m (3.3 to 6.6 ft). The
trenches contain significant amounts of metallic debris, but anomalous features were not detected in
several areas within the interpreted trench boundaries. Figure 3-1 delineates the extent of the
interpreted trench boundaries and the primary concentrations of interpreted debris.

* Trench #8: The extent of the geophysical anomalies in this area is consistent with the Trench #8
boundaries depicted in drawing H-2-55534. The excavation boundaries for a significant portion of the
trench were detected with the GPR data. Trench #8 anomalies are comprised primarily of
concentrations of metallic and non-metallic debris, with an average depth of I to 2 m (3.3 to 6.6 ft)
below ground surface (bgs).

* Trenches #9 and #11: The most notable features in this area are two distinct concentrations of
anomalies that correlate fairly well with Trenches #9 and #11 (shown on drawing H-2-55534). The
concentrations of anomalies appear to include both metallic and non-metallic debris, with an average
depth of 0.5 to 2 m (1.6 to 6.6 ft) bgs. The northern excavation boundary is fairly distinct in the GPR
data. The southern excavation boundary is not as clear and appears to be just beyond the area of GPR
coverage in some areas.

2 Trench layout and boundaries are presented in site drawing H-2-55534.
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Two distinct magnetic anomalies were detected in the northwestern corner, and a third anomaly was
detected on the eastern edge of the survey area. No corresponding anomalies were found in the
electromagnetic and GPR data sets. Magnetic anomalies of this character, with no corresponding
anomalous signature from the other geophysical data sets, are often an indication of a dirt road or an area
that has received a significant amount of vehicle traffic. These types of magnetic anomalies can also be an
indication of an area where the soil has a very high percentage of iron-rich basalt. No indication was
found on the surface of a road; however, a road may be hidden beneath the fill material that was used to
cover the burial ground.

Two linear features were also detected in the northwestern corner of the survey. The linear anomalies do
not appear to be related to the buried debris in the trenches. The two linear anomalies merge near
coordinates N137114, E473464 and appear to be related to cathodic protection surface features mapped at
this location.

A subtle, narrow, north-south anomaly is located between Trenches #8 and #9 at approximately
coordinate E573490. This anomaly was manifested only in the electromagnetic conductivity data.
A possible interpretation for the anomaly is a shallow wire/cable.

3.2.2 218-E-4 Burial Ground
Refer to the interpretation map (Figure 3-2) and data contour maps (Appendix B) in regard to the
following discussion.

No documented trenches are shown for 218-E-4 on drawing H-2-55534. Three areas were identified in the
data that have the characteristics typically associated with buried debris. Within each of the areas, the
debris varies from concentrated to relatively scattered. The GPR profiles were collected across each of the
anomalous areas, and the data were used to determine the average thickness of the fill dirt over the top of
the debris. Average depths, from the ground surface to the top of buried targets/burial packages, are
posted in meters.

For discussion purpose, the zones are referred to as Trench #1, Trench #2, and Trench #3.

* Trench #1: Trench #1 is the largest of the three trenches. In general, the debris appear to be
contiguous with significant amounts of metal, based on electromagnetic and magnetic data. The
debris is typically found at 1.0 to 1.5 m (3.3 to 4.9 ft) bgs.

* Trench #2: Trench #2 has similar characteristics to Trench #1 but it is smaller. It is primarily
comprised of several scattered pockets of debris, with significant amounts of metal, that fall within
the interpreted trench boundary. The debris is buried 1.0 to 1.5 m (3.3 to 4.9 ft) bgs.

* Trench #3: The anomalies in Trench #3 are more discrete with gaps between them in comparison to
the anomalies in Trenches #1 and #2. A few areas of highly metallic debris fall within Trench #3.
Significant areas within the interpreted trench boundary contain little to no debris. The debris is
buried 0.5 to 1.0 m (1.6 to 3.3 ft) bgs.

3.2.3 218-W-4A Burial Ground
Refer to the interpretation map (Figure 3-3) and site and data contour maps (Appendix B) in regard to the
following discussion.

An engineering drawing for the 218-W-4A site indicates 21 trenches trending east-west, 6 vertical pipe
units, and 2 caissons. The trenches on the drawing are numbered #1 through #21, starting with Trench #1
at the southern edge of the burial ground and Trench #21 at the northern edge of the burial ground.
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Burial ground monuments are depicted at each end of the documented trench locations. Documentation
indicates that the trenches are on approximately 12 m (40 ft) centers and are approximately 6 m (20 ft)
wide. The geophysical results confirm a trench configuration similar to existing documentation, therefore
the same trench numbering system will be used for reference in the following geophysical discussion.

The concentrations of debris and interpreted trench boundaries all lie within the monumented boundary of
the burial ground. The interpreted trench centerlines correlate fairly well with engineering drawings and
concrete monuments. All of the trenches appear to be at least minimally separated. The surface view plots
(provided in Appendix B) show a separation between most of the trenches. The fill material/overburden
covering the buried debris typically ranges from 0.7 to 2.0 m (2.3 to 6.6 ft) but is as little as 0.5 m (1.6 ft)
in a few places. Six vertical pipe units are interpreted in the data, but the locations of these pipe units are
different than shown on the engineering drawing. Significant metallic anomalies were observed near the
locations shown for two caissons, but the geophysical data are inconclusive for positive identification of
the caissons. More specific observations for each trench are noted below. Only the last three digits of the
Washington State Plane meter coordinates (for easting and northing) are used for ease of readability.

* Trench #1: Trench #1 is the shortest trench, starting about 30 m (98 ft) further east than the other
trenches, at coordinate E289. This trench appears to contain both non-metallic and metallic debris,
covered by 0.8 to 1.5 m (2.6 to 4.9 ft) of fill. The trench boundary correlates well with the
documentation.

* Trench #2: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.0 to 2.0 m (3.3 to 6.6 ft) of fill. One shallow
anomalous area at 0.5 m (1.6 ft) bgs is observed at coordinate E158. The trench boundary correlates
well with the documentation.

* Trench #3: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to 4.9 ft) of fill. One shallow anomaly
at 0.5 m (1.6 ft) bgs is observed at coordinate E176. The trench boundary correlates well with the
documentation.

* Trench #4: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.5 to 2.0 m (4.9 to 6.6 ft) of fill. The trench boundary
correlates well with the documentation.

* Trench #5: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to 4.9 ft) of fill. The eastern portion of
the trench appears to contain minimal metallic debris. The western half of the trench converges
somewhat toward Trench #4. The trench boundary correlates with the documentation.

* Trench #6: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 0.7 to 1.5 m (2.3 to 4.9 ft) of fill. The anomalies/debris
east of coordinate E230 are generally about 0.7 m (2.3 ft) bgs. The trench boundary correlates well
with the documentation.

* Trench #7: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to 4.9 ft) of fill. Metallic material
appears more prevalent in the eastern portion of the trench. The trench boundary correlates well with
the documentation.
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* Trench #8: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 0.7 to 1.5 m (2.3 to 4.9 ft) of fill. Much of the buried
metallic material is approximately 0.7 m (2.3 ft) bgs in the eastern portion of the trench. In general,
the trench boundary correlates well with the documentation, but it appears to converge with (but is
still separate from) Trench #9 east of coordinate E230.

* Trench #9: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.5 to 2.0 m (2.3 to 6.6 ft) of fill. The trench boundary
correlates well with the documentation.

* Trench #10: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to 4.9 ft) of fill. The trench appears to
contain less metallic debris than the other trenches. The trench boundary correlates well with the
documentation.

* Trench #11: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to 4.9 ft) of fill. The eastern portion
appears to contain minimal metallic material, and some of the debris may be as little as 0.5 m
(1.6 ft) bgs. The eastern portion of the trench appears to trend slightly more northerly than the design
indicates; otherwise, the trench boundary correlates well with the documentation.

* Trench #12: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to 4.9 ft) of fill. The trench boundary
correlates well with the documentation.

* Trench #13: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 0.5 to 1.5 m (1.6 to 4.9 ft) of fill. Between coordinates
E245 and E290, the buried metallic material appears to be more concentrated along the northern side
of the trench, appearing to make this portion of the trench closer to Trench #14 (but still separate).
Otherwise, the trench boundary correlates well with the documentation.

* Trench #14: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.0 to 1.5 m (3.3 to 4.9 ft) of fill. The trench boundary
correlates well with the documentation.

* Trench #15: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill (3.3 to 4.9 ft) of fill, with the
exception of the most western end where some of the metallic debris appears to be approximately
0.5 m (1.6 ft) bgs. The trench boundary correlates well with the documentation.

* Trench #16: This trench correlates well with the monumented ends. It appears to contain both
non-metallic and metallic debris, covered by 1.0 to 1.5 m of (3.3 to 4.9 ft) of fill. This trench is
interpreted to contain six vertical pipe units, with the top of each pipe ranging from 0.7 to 1.0 m
(2.3 to 3.3 ft) bgs. The vertical pipe units are located between the approximate coordinates E317 and
E333 (in contrast to the location shown on the engineering documentation), about 30 m (98 ft) west of
this location. A large "flat-topped" anomaly was detected at approximately coordinate E290, where
engineering drawings show the vertical pipe units, at 2 m (6.6 ft) bgs. This is only pointed out here
due to historical knowledge of the vertical pipe units and the possibility of caissons in the area. The
trench boundary correlates well with the documentation.
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* Trench #17: This trench correlates well with the monumented ends, and the buried debris is covered
by approximately 1.0 to 1.5 m (3.3 to 4.9 ft) of fill. Notes on the engineering drawing indicate that the
western one-third of the trench was "...unable to dig due to tapering of Trench #18..." The
geophysical data indicate that this trench does exist for the entire length and does contain both
non-metallic and metallic debris. An engineering drawing shows a caisson near the eastern end of the
trench, which does correlate with one of two geophysical anomalies in this area, but it is not clearly
within the trench centerline. Generally, the trench boundary correlates well with the documentation.

* Trench #18: This trench correlates well with the monumented ends, and the buried debris is generally
covered by approximately 0.7 to 2.0 m (2.3 to 6.6 ft) of fill. The trench contains both metallic and
non-metallic material. The western end appears to converge a bit with Trench #17, and the eastern
end appears to be a few meters north of the location indicated on the engineering drawing. The
drawing also shows a caisson at the eastern end, which does correlate with an approximate 8 m
(26-ft)-diameter anomaly at about 0.8 m (2.6 ft) bgs. The trench boundary correlates well with the
documentation.

* Trench #19: A trench does not appear to have been dug at this location. None of the geophysical
methods detected anomalous features at this trench location. The GPR data indicated characteristics
of undisturbed soil.

* Trench #20: This trench correlates well with the monumented ends. The buried debris, both metallic
and non-metallic, is generally covered by approximately 0.8 to 1.5 m (2.6 to 4.9 ft) of fill. The trench
boundary correlates well with the documentation.

* Trench #21: This trench correlates well with the monumented ends. The buried debris, metallic and
non-metallic, is generally covered by approximately 0.5 to 1.5 m (1.6 to 4.9 ft) of fill. The eastern end
of the trench, at approximately coordinate E365, contains deeply buried metallic debris with 2.0 to
2.5 m (6.6 to 8.2 ft) of fill material. The trench boundary correlates well with the documentation.
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4 Software Problem Reporting and ValidationNerification Information

WCH currently maintains a quality management system that is compliant with the quality standards
described in Quality Management Systems: Requirements (ISO 9001:2008). The quality management
system is also designed to meet similar quality system requirements in corresponding Quality Assurance
Requirementsfor Nuclear Facility Applications (ANSI/ASME NQA- 1). Furthermore, the WCH quality
management system is designed to comply with the 10 quality assurance criteria specified in
DOE 0 414. 1C (Quality Assurance) and implementation of 10 Code ofFederal Regulations 830,
Subpart A, "Nuclear Safety Management," "Quality Assurance Requirements."

In accordance with the statement of work, this chapter discusses the procedure for reporting problems that
could have been encountered with software used in this investigation. The method used to document
validation and verification of the software used to perform calculations is also discussed. Note that no
errors or problems were observed with the software used for this project, and no nonconformance reports
were generated.

4.1 Software Problem and Error Reporting

The WCH quality assurance procedure WCH QA-1-1.6, Rev. 2, Nonconformance Control, describes the
process for identifying, controlling, documenting, and dispositioning nonconforming items or items of
indeterminate quality discovered during the performance of onsite work activities that are performed by
WCH personnel.

The primary objective of the nonconformance control process is to prevent the unintended use, or further
use, of products that fail to pass required inspections. Four broad phases are used to control
nonconforming items: (1) identify and document nonconforming items, (2) segregate, (3) disposition and
implement disposition instructions, and (4) close nonconformance reports.

4.2 Validation and Verification Information

Surfer software (Version 8.08, dated October 31, 2007; Golden Software, Inc., Golden, Colorado) was
used for geophysical investigations conducted at four burial grounds located within the 200 East and
200 West Areas of the Hanford Site. The software is a surface mapping system running on the Microsoft
Windows® XP 2002 Professional operating system. It is used to calculate and output a contoured grid
from regularly spaced data values.

Validation is the process of confirming the appropriateness of using software for the purpose to which it
is being applied. Verification is the process of confirming the correctness of the output of the software.
To verify that the software used on this project produced the correct type results, input parameters and
conditions similar to those used in the project were generated.

To demonstrate proper contour calculation and placement, a regular grid of arbitrary numbers was created
and subsequently processed by the software. The numbers were posted on a map, and the contour
intervals were superimposed over the numbers. The contour placement then was examined. The analysis
indicated that the software performs correctly under conditions similar to those used on this project.
The entire data file and a brief summary of the test and its outcome are presented in Appendix C.

Microsoft Windows® is a registered trademark of Microsoft Corporation, Redmond, Washington.
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Appendix A

Geophysical Grid Staking Survey Data Reports
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Al Introduction

This appendix provides information on the primary grid node staking that was used for location control
for the geophysical investigations in the 200 Areas, including burial grounds 218-E-2, 218-E-3, 218-E-9,
and 218-W-A4.
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Request No.
SURVEY DATA REPORT 094-457

Project No. Title: File No.
218-W-4A &218-E-2/4&9 Burial Grounds Geophysical Grid Staking 2EWA-061

Job No. Prepared By Date Reviewer Page
PRC/ CACN: 302146-CAIO L.A. Henke 8/14/09 1 of 8

DESCRIPTION OF WORK DISTRIBUTION SDR PLOT DWG

Staked 30 meter grid at coordinates provided over section of 218-W-4A(200W) Survey File OR

Burial Ground and 218-E-2 / 4&9 Burial Ground (200E). Set 3/8" x 1 1/2" x G.T. Berlin 1
48" Wood Lath with painted orange tops and marked with coordinates. T.H. Mitchell 1

Horizontal Coordinate System: WCS83S/91 (Meters)
Equipment Used: Trimble GPS 5800 RTK

SURVEY RESULTS AND COMMENTS

See Attached Grid Sketch and Coordinate List

NOTE: This Survey was performed under the supervision of a Licensed Professional Land Surveyor
registered in the State of Washington.

E-NW-246 (09/04)

A-2



SGW-43771, REV. 0

X-9.

'X9

94-

-1--1----- -- 2-2 , 9-7-9

--1-F-1-1-8

- >5- - -

-o >K9e-

-98-2

$-98-

X\998 - 99-5

99 9--99+4

-9-09- - 1

(1000- -l6

$991- ( -9
2 88-

-YK1010

LUT (1011

10-7 -(1012

106- (1013

9 5 ----- \/1014

X--- 4-- 1015

12-1 1 62 - 1033

-1 - - 8 4 - - -1-34 .1045

X-1o1--9 .-- X-- , -1-090-- 1035 - /04-4--- 1046

M1-026--, -9-- X\-1-3--- 14G3 )14-7- 1053

1-0-28 -0-7---04 ,- -8-- 1052

X 7-1-8 )-00 8 -049- X1051

1039-- 19-4-- 1050

A-3

L~i

-X9)8-- 90 - 993-



/ 9602-4---X 5-X-1-6-8-81 - -X±)t 0-8 X)1-1- -)1159--'X13--X 1131

Yac-

<-&1

X-t0

/ 4 ) X 3 1-1 1171

- - -)1 7 (109-5--) 1 0 ) E-7- OX44 )1157 --\/ 1167

7 X 1 __ ,zX1-07c- \1/ 4 11i )r111 C) A \/I 114 A 1 1 3 1

87--X1-72 ±-8-8- X+t93- 110 2--(1i1i )-11 4- 1137 X114 8- 115 X 11A 4

e 7 10 3 C7 I P 4- 1 113 G 14 154 X

- 3 046 11644 'Th# 11 - -1+3&--X1t -K115

_- -168 X- -8--- * -El- 1-0 --X-111 - ---- 1134 4 11522-90 C-) 100 r)0 e16 0+ - 11, 1111 152

3- X 1T 6 X-&-62- 4-- ) 1 ± - ) 1129 X 13 150

C,)



SGW-43771, REV. 0

NODE EASTING NORTHING BURIAL GROUND
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1021 573420 136960 0 218-E-4
1022 573420 136990 0 218-E-4
1023 573450 136960 0 218-E-4
1024 573450 136930 0 218-E-4
1025 573450 136900 0 218-E-4
1026 573450 136870 0 218-E-4
1027 573480 136810 0 218-E-4
1028 573480 136840 0 218-E-4
1029 573480 136870 0 218-E-4
1030 573480 136900 0 218-E-4
1031 573480 136930 0 218-E-4
1032 573480 136960 0 218-E-4
1033 573510 136960 0 218-E-4
1034 573510 136930 0 218-E-4
1035 573510 136900 0 218-E-4
1036 573510 136870 0 218-E-4
1037 573510 136840 0 218-E-4
1038 573510 136810 0 218-E-4
1039 573510 136780 0 218-E-4
1040 573540 136780 0 218-E-4
1041 573540 136810 0 218-E-4
1042 573540 136840 0 218-E-4
1043 573540 136870 0 218-E-4
1044 573540 136900 0 218-E-4
1045 573540 136930 0 218-E-4
1046 573570 136900 0 218-E-4
1047 573570 136870 0 218-E-4
1048 573570 136840 0 218-E-4
1049 573570 136810 0 218-E-4
1050 573570 136780 0 218-E-4
1051 573600 136810 0 218-E-4
1052 573600 136840 0 218-E-4
1053 573600 136870 0 218-E-4

1054 566080 136620 0 218-W-4A
1055 566080 136590 0 218-W-4A
1056 566080 136560 0 218-W-4A

1057 566080 136530 0 218-W-4A
1058 566080 136500 0 218-W-4A
1059 566080 136470 0 218-W-4A

1060 566080 136440 0 218-W-4A
1061 566080 136410 0 218-W-4A
1062 566080 136380 0 218-W-4A
1063 566080 136350 0 218-W-4A
1064 566080 136320 0 218-W-4A
1065 566110 136320 0 218-W-4A
1066 566110 136350 0 218-W-4A
1067 566110 136380 0 218-W-4A
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1068 566110 136410 0 218-W-4A
1069 566110 136440 0 218-W-4A
1070 566110 136470 0 218-W-4A
1071 566110 136500 0 218-W-4A
1072 566110 136530 0 218-W-4A
1073 566110 136560 0 218-W-4A
1074 566110 136590 0 218-W-4A
1075 566110 136620 0 218-W-4A
1076 566140 136620 0 218-W-4A
1077 566140 136590 0 218-W-4A
1078 566140 136560 0 218-W-4A
1079 566140 136530 0 218-W-4A
1080 566140 136500 0 218-W-4A
1081 566140 136470 0 218-W-4A
1082 566140 136440 0 218-W-4A

1083 566140 136410 0 218-W-4A

1084 566140 136380 0 218-W-4A
1085 566140 136350 0 218-W-4A
1086 566140 136320 0 218-W-4A

1087 566170 136320 0 218-W-4A

1088 566170 136350 0 218-W-4A

1089 566170 136380 0 218-W-4A

1090 566170 136410 0 218-W-4A

1091 566170 136440 0 218-W-4A
1092 566170 136470 0 218-W-4A

1093 566170 136500 0 218-W-4A
1094 566170 136530 0 218-W-4A

1095 566170 136560 0 218-W-4A
1096 566170 136590 0 218-W-4A
1097 566170 136620 0 218-W-4A
1098 566200 136620 0 218-W-4A
1099 566200 136590 0 218-W-4A
1100 566200 136560 0 218-W-4A

1101 566200 136530 0 218-W-4A

1102 566200 136500 0 218-W-4A
1103 566200 136470 0 218-W-4A

1104 566200 136440 0 218-W-4A
1105 566200 136410 0 218-W-4A

1106 566200 136380 0 218-W-4A
1107 566200 136350 0 218-W-4A

1108 566200 136320 0 218-W-4A
1109 566230 136320 0 218-W-4A

1110 566230 136350 0 218-W-4A
1111 566230 136380 0 218-W-4A
1112 566230 136410 0 218-W-4A
1113 566230 136440 0 218-W-4A

1114 566230 136470 0 218-W-4A
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1115 566230 136500 0 218-W-4A
1116 566230 136530 0 218-W-4A

1117 566230 136560 0 218-W-4A

1118 566230 136590 0 218-W-4A

1119 566230 136620 0 218-W-4A

1120 566260 136620 0 218-W-4A
1121 566260 136590 0 218-W-4A

1122 566260 136560 0 218-W-4A

1123 566260 136530 0 218-W-4A

1124 566260 136500 0 218-W-4A
1125 566260 136470 0 218-W-4A

1126 566260 136440 0 218-W-4A

1127 566260 136410 0 218-W-4A

1128 566260 136380 0 218-W-4A

1129 566260 136350 0 218-W-4A

1130 566260 136320 0 218-W-4A
1131 566290 136320 0 218-W-4A

1132 566290 136350 0 218-W-4A
1133 566290 136380 0 218-W-4A

1134 566290 136410 0 218-W-4A

1135 566290 136440 0 218-W-4A

1136 566290 136470 0 218-W-4A
1137 566290 136500 0 218-W-4A

1138 566290 136530 0 218-W-4A

1139 566290 136560 0 218-W-4A

1140 566290 136590 0 218-W-4A
1141 566290 136620 0 218-W-4A

1142 566320 136620 0 218-W-4A

1143 566320 136590 0 218-W-4A

1144 566320 136560 0 218-W-4A

1145 566320 136530 0 218-W-4A

1146 566320 136500 0 218-W-4A
1147 566320 136470 0 218-W-4A

1148 566320 136440 0 218-W-4A

1149 566320 136410 0 218-W-4A

1150 566320 136380 0 218-W-4A
1151 566320 136350 0 218-W-4A

1152 566350 136410 0 218-W-4A

1153 566350 136440 0 218-W-4A

1154 566350 136470 0 218-W-4A

1155 566350 136500 0 218-W-4A

1156 566350 136530 0 218-W-4A

1157 566350 136560 0 218-W-4A

1158 566350 136590 0 218-W-4A

1159 566350 136620 0 218-W-4A

1160 566380 136620 0 218-W-4A
1161 566380 136590 0 218-W-4A
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1162 566380 136560

1163 566380 136530

1164 566380 136500
1165 566380 136470

1166 566410 136530

1167 566410 136560

1168 566410 136590

1169 566410 136620

1170 566440 136620

1171 566440 136590

0 218-W-4A

0 218-W-4A

0 218-W-4A

0 218-W-4A

0 218-W-4A

0 218-W-4A

0 218-W-4A

0 218-W-4A

0 218-W-4A

0 218-W-4A
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Appendix B

Site Investigation Details, Data Plots, and Overlays
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B1 Introduction

This appendix provides information on the ground-penetrating radar, electromagnetic induction, and
magnetic data collected for the geophysical investigation at burial grounds 218-E-2, 218-E-4, 218-E-9,
and 218-W-A-4. Additional details are also included for the investigation of each burial ground discussed
in this document. Overlays of the geophysical results with mapped surface features for each site
investigation are also presented.

Trademark information is provided at the end of this appendix.

Table B-1. 218-E-2 and 218-E-9 Burial Grounds Geophysical Investigation Summary
and Data Plots Geophysical Investigation Summary Sheet

Site name

Location

Approximate size

Burial ground information:

Terrain

Vegetation/ground cover

Hydrological properties

Limitations/obstacles

Overall assessment for
geophysical investigation

Equipment

Ground-penetrating radar (GPR)

Electromagnetic induction (EMI)

Total magnetic field

Investigators

218-E-2 and 218-E-9

200 East Area

-120 m by 150 m (-400 ft by 500 ft)

Flat, clean gravel/sand

Bunch grass for erosion control

Very dry

A "T-post" and chain barrier that surrounds the burial ground is notable in
both the electromagnetic and magnetic data sets

Good environment for geophysical data

Geophysical Survey Systems, Inc., SIR-10A+ GPR system with 200-MHz
antenna

Time-domain EMI: Geonics Limited, EM61 high-sensitivity metal detector
and Pro 4000 data logger

Frequency-domain EMI: Geonics Limited, EM31 ground conductivity meter

Geometrics, Inc., G-858/G cesium vapor magnetometer/gradiometer

Kevin Bergstrom Washington Closure Hanford (509) 378-0942
Tom Mitchell Washington Closure Hanford (509) 554-9182
Mark Villa Geophysical Survey LLC (509) 222-0933

Data Collection and Processing Parameters

Grid location control and data A Trimble differential global positioning system (GPS) was used to establish
collection lines the primary 30 m by 30 m location control grid (Washington State Plane,

south zone meter). Between the 30 m by 30 m grid nodes, a secondary grid
was established with pin flags at 6 m intervals in both the north-south and
east-west directions using a rag tape. The Trimble GPS was used to map
surface features and grid corners for posting on the maps.
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Table B-1. 218-E-2 and 218-E-9 Burial Grounds Geophysical Investigation Summary
and Data Plots Geophysical Investigation Summary Sheet

SIR-10A+ Data were collected with the antenna pulled by an all-terrain vehicle. Location
control marks were placed in the data as the antenna passed the primary
30 m by 30 m location control grid lines. Parallel north-south data profiles
were collected ever 6 m. Several east-west profiles were also collected down
the middle of each of the zones of concentrated anomalies, as defined by the
integration of the EM31, EM61, and magnetic data. Data were stacked (two
signals), recording window 108 ns, gains, and filters set in field to match soil
conditions. Hardcopy plots of data were printed in the office on a thermal
printer for interpretation.

EM61 Four channels, 3x time windows with differential mode. Data collected using
wheel encoder (readings at 0.19 m intervals) along north-south profiles
spaced 3 m apart.

Data were gridded and plotted using Surfer software. Grid cell size for data
plots is nominally 3 m (cross-line) by 1 m (down-line) and the nearest -
neighbor algorithm was used for contouring.

G-858/G Total field magnetic gradiometer data were collected along north-south
profiles, spaced 3 m apart, with discrete readings at -0.25 m intervals along
each profile. The sensors were 0.5 and 1.25 m above the ground and
oriented east-west at a 45-degree angle to the horizon. Data were
downloaded from the field instrument, filtered for spikes and dropouts (if any),
corrected for position errors (if any), and written to an XYZ.dat file using
Geometrics, Inc., MagMapper2000.exe.

EM-31 Quadrature and in-phase components collected in vertical dipole mode. Data
were collected along north-south profiles spaced 3 m apart with data
recordings every 0.2 seconds (-0.1 m).

Data were gridded and plotted using Surfer software. Grid cell size for the
data plots is nominally 3 m (cross-line) by 1 m (down-line) and the nearest-
neighbor algorithm was used for contouring.

Results

Data discussionlinterpretation Refer to the interpretation map and data contour maps regarding the
following discussion. Three primary zones of anomalies were identified in the
electromagnetic and magnetic data. Each of the zones has characteristics
that are usually associated with trenches containing buried debris. The
northernmost zone of anomalies correlates with the documented locations of
Trenches #4, #5, #6, #7, #10, and #12. The middle concentration of
anomalies correlates with Trench #8, and the southernmost zone correlates
with Trenches #9 and #11.

The GPR profiles were collected across each of the zones of anomalies. The
data were used to determine the average thickness of the fill dirt over the top
of the debris and, in some cases, the edges of the excavation for a trench
(or trenches). Average depths, from the ground surface to the top of buried
targets/burial packages, are posted in meters in rectangular boxes.
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Table B-1. 218-E-2 and 218-E-9 Burial Grounds Geophysical Investigation Summary
and Data Plots Geophysical Investigation Summary Sheet

Trenches #4, #5, #6, #7, #10, and #12: Drawing H-2-55534 shows six
trenches oriented east-west within an area approximately 145 m by 45 m.
There is evidence of multiple trenches in the geophysical data; however,
there is not a clear delineation between trenches. The average depth to the
top of the debris from the ground surface is generally 1 to 2 m. The trenches
contain significant amounts of metallic debris, but anomalous features were
not detected in several areas within the interpreted trench boundaries. The
interpretation map delineates the extent of the interpreted trench boundaries
and the primary concentrations of interpreted debris.

Trench #8: The extent of the geophysical anomalies in this area is
consistent with the Trench #8 boundaries depicted in drawing H-2-55534.
The excavation boundaries for a significant portion of the trench were
detected with the GPR data. Trench #8 anomalies are comprised primarily of
concentrations of metallic and non-metallic debris, with an average depth of
1 to 2 m below ground surface.

Trenches #9 and #11: The most notable features in this area are two
distinct concentrations of anomalies that correlate fairly well with Trenches #9
and #11 (shown on drawing H-2-55534). The concentrations of anomalies
appear to include both metallic and non-metallic debris, with an average
depth of 0.5 to 2 m below ground surface The northern excavation boundary
is fairly distinct in the GPR data. The southern excavation boundary is not as
clear and appears to be just beyond GPR coverage in some areas.

Roads and utility lines: Two distinct magnetic anomalies were detected in
the northwestern corner, and a third anomaly was detected on the eastern
edge of the survey area. No corresponding anomalies were found in the
electromagnetic and GPR data sets. Magnetic anomalies of this character,
with no corresponding anomalous signature from the other geophysical data
sets, are often an indication of a dirt road or an area that has received a
significant amount of vehicle traffic. These types of magnetic anomalies can
also be an indication of an area where the soil has a very high percentage of
iron-rich basalt. No indication was found on the surface of a road; however,
a road may be hidden beneath the fill material that was used to cover the
burial ground.

Two linear features were also detected in the northwestern corner of the
survey. The linear anomalies do not appear to be related to the buried debris
in the trenches. The two linear anomalies merge near coordinates N137114,
E473464 and appear to be related to cathodic protection surface features
mapped at this location.

A subtle, narrow, north-south anomaly is located between Trenches #8 and
#9 at approximately coordinate E573490. This anomaly was manifested only
in the electromagnetic conductivity data. A possible interpretation for the
anomaly is a shallow wire/cable.

Notes: Interpreted depths are only approximate and based upon generalized
geologic soil conditions. The very moist soils, at the time of data collection,
likely changed the dielectric properties and, therefore, the GPR signal
propagation velocities. Consequently, interpreted depths could be in error
and are likely noted on the interpretation map as shallower than they are in
reality.

Some deep targets (especially those with low metallic content) may not be
plotted due to their subtle or nonexistent geophysical signature.
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Table B-2. 218-E-4 Geophysical Investigation Summary and Data Plots
Geophysical Investigation Summary Sheet

218-E-4

200 East Area

Approximate size 60 m by 180 m (200 ft by 600 ft)

Burial ground information:

Terrain Flat, clean gravel/sand

Vegetation/ground cover

Hydrological properties

Limitations/obstacles

Overall assessment for
geophysical investigation

Ground-penetrating radar
(GPR)

Electromagnetic Induction
(EMI)

Total magnetic field

Investigators

Kevin Bergstrom
Tom Mitchell
Mark Villa

Bunch grass for erosion control

Very dry

A "T-post" and chain barrier that surrounds the burial ground is notable in both
the electromagnetic and magnetic data sets

Good environment for geophysical data

Geophysical Survey Systems, Inc., SIR-10A+ GPR system with 200-MHz
antenna

Time-domain EMI: Geonics Limited, EM61 high-sensitivity metal detector and
Pro 4000 data logger.

Frequency-domain EMI: Geonics Limited, EM31 ground conductivity meter

Geometrics, Inc., G-858/G cesium vapor magnetometer/gradiometer

Washington Closure Hanford
Washington Closure Hanford
Geophysical Survey LLC

(509) 378-0942
(509) 554-9182
(509) 222-0933

Data Collection and Processing Parameters

Grid location control and data
collection lines

SIR-10A+

A Trimble differential global positioning system (GPS) was used to establish the
primary 30 m by 30 m location control grid (Washington State Plane, south
zone meter). Between the 30 m by 30 m grid nodes, a secondary grid was
established with pin flags at 6 m intervals in both the north-south and east-west
directions using a rag tape. The GPS was used to map surface features and
grid corners for posting on the maps.

Data were collected with the antenna pulled by an all-terrain vehicle. Location
control marks were placed in the data as the antenna passed the primary 30 m
by 30 m location control grid lines. Two parallel profiles were collected down the
middle of each of the three primary concentrations of anomalies, as defined by
the integration of the EM31, EM61, and magnetic data. East-west GPR profiles
were also collected along several of primary baselines that crossed one of the
concentrations of anomalies. Data were stacked (two signals), recording
window 108 ns, gains, and filters set in field to match soil conditions. Hardcopy
plots of data were printed in the office on a thermal printer for interpretation.
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Table B-2. 218-E-4 Geophysical Investigation Summary and Data Plots
Geophysical Investigation Summary Sheet

EM61 Four channels, 3x time windows with differential mode. Data collected using
wheel encoder (readings at 0.19 m intervals) along north-south profiles spaced
3 m apart.

Data were gridded and plotted using Surfer software. Grid cell size for data
plots is nominally 3 m (cross-line) by 1 m (down-line), and the nearest-neighbor
algorithm was used for contouring.

G-858/G Total field magnetic gradiometer data were collected along north-south profiles,
spaced 3 m apart, with discrete readings at -0.25 m intervals along each
profile. The sensors were 0.5 and 1.25 m above the ground and oriented
east-west at a 45-degree angle to the horizon. Data were downloaded from the
field instrument, filtered for spikes and dropouts (if any), corrected for position
errors (if any), and written to a XYZ.dat file using Geometrics, Inc.,
MagMapper2000.exe.

EM31 Quadrature and in-phase components collected in vertical dipole mode. Data
were collected along north-south profiles spaced 3 m apart with data recordings
every 0.2 seconds (-O.1m).

Data were gridded and plotted using Surfer software. Grid cell size for the data
plots is nominally 3 m (cross-line) by 1 m (down-line), and the nearest-neighbor
algorithm was used for contouring.

Results

Data Refer to the interpretation map and data contour maps regarding the following
discussion/interpretation discussion.

There are no documented trenches in 218-E-4 on drawing H-2-55534.
However, the geophysical data detected three zones of anomalies with
characteristics typically associated with trenches that contain buried debris.
Within each of the zones, the debris varies from concentrated to relatively
scattered. The GPR profiles were collected across each of the zones of
anomalies. The data were used to determine the average thickness of the fill
dirt over the top of the debris. Average depths, from the ground surface to the
top of buried targets/burial packages, are posted in meters in rectangular
boxes.

For discussion purpose, the zones are referred to as Trench #1, Trench #2, and
Trench #3.

Trench #1: Trench #1 is the largest of the three trenches. In general, the
debris within the trench appears to be more concentrated than in Trench #2 and
Trench #3. However, there are areas within Trench #1 where the anomalies are
relatively scattered and not as concentrated. The debris is typically found at
1.0 to 1.5 m below ground surface.

Trench #2: Trench #2 has similar characteristics to Trench #1 but it is smaller.
It is primarily comprised of several scattered pockets of debris, with significant
amounts of metal, that fall within the interpreted trench boundary. The debris is
buried 1.0 to 1.5 m below ground surface.

Trench #3: The anomalies in Trench #3 are more discrete with gaps between
them in comparison to the anomalies in Trenches #1 and #2. A few areas of
highly metallic debris fall within Trench #3. Significant areas within the
interpreted trench boundary contain little to no debris. The debris is buried 0.5
to 1.0 m below ground surface.
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Table B-3. 218-W-4A Geophysical Investigation Summary and Data Plots
Geophysical Investigation Summary Sheet

218-W-4A

200 West Area

Approximate size 330 m by 330 m (1,083 ft by 1,083 ft)

Burial ground information:

Terrain Flat, clean gravel/sand

Vegetation/ground cover

Hydrological properties

Limitations/obstacles

Overall assessment for
geophysical investigation

Ground-penetrating radar
(GPR)

Electromagnetic induction
(EMI)

Total magnetic field

Investigators

Kevin Bergstrom
Tom Mitchell
Mark Villa

Bunch grass for erosion control

Very dry

A chain link fence barrier that surrounds the burial ground is notable in both the
electromagnetic and magnetic data sets

Good environment for geophysical data

Geophysical Survey Systems, Inc., SIR-10A+ GPR system with 200-MHz
antenna

Time-domain EMI: Geonics Limited, EM61 high-sensitivity metal detector and
Pro 4000 data logger

Frequency-domain EMI: Geonics Limited, EM31 ground conductivity meter

Geometrics, Inc., G-858/G cesium vapor magnetometer/gradiometer

Washington Closure Hanford
Washington Closure Hanford
Geophysical Survey LLC

(509) 378-0942
(509) 554-9182
(509) 222-0933

Data Collection and Processing Parameters

Grid location control and data
collection lines

SIR-10A+

CH2M HILL Plateau Remediation Company established a primary 30 m by
30 m location control grid (Washington State Plane, south zone meter) across
the survey area. Between the 30 m by 30 m grid nodes, a secondary grid was
established with pin flags at 6 m intervals in both the north-south and east-west
directions using a rag tape.

A Trimble ProXRS differential global positioning system (GPS) was used to
map surface features.

Data were collected with the antenna pulled by an all-terrain vehicle. Location
control marks were placed in the data as the antenna passed the primary 30 m
by 30 m location control grid lines. Two parallel north-south data profiles were
collected at each 30 m control node. At least two parallel east-west profiles
were also collected down the approximate interpreted centerline of each of the
trenches/zones of concentrated anomalies, as defined by the integration of the
EM31, EM61, and magnetic data. Data were stacked (two signals), recording
window 108 ns, gains, and filters set in field to match soil conditions. Hardcopy
plots of data were printed in the office on a thermal printer for interpretation.
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Table B-3. 218-W-4A Geophysical Investigation Summary and Data Plots
Geophysical Investigation Summary Sheet

EM61 Four channels, 3x time windows with differential mode. Data collected using
wheel encoder (readings at 0.19 m intervals) along north-south profiles, spaced
2 m apart.

Data were gridded and plotted using Surfer software. Grid cell size for data
plots is nominally 2 m (cross-line) by 1 m (down-line), and the nearest-neighbor
algorithm was used for contouring.

G-858/G Total field magnetic gradiometer data were collected along north-south profiles,
spaced 3 m apart, with readings taken every 0.2 seconds along each profile,
yielding data points approximately every 0.3 m. The sensors were 0.5 and
1.25 m above ground and oriented east-west at a 45-degree angle to the
horizon. Data were downloaded from the field instrument, filtered for spikes and
dropouts (if any), corrected for position errors (if any), and written to a XYZ.dat
file using Geometrics, Inc., MagMapper2000.exe.

Data were gridded and plotted using Surfer software. Grid cell size for data
plots is nominally 3 m (cross-line) by 1 m (down-line,) and the nearest-neighbor
algorithm was used for contouring.

EM31 Quadrature and in-phase components collected in vertical dipole mode. Data
were collected along north-south profiles spaced 3 m apart. Data were collected
in automatic mode (5 readings/second), yielding data points approximately
every 0.3 m.

Data were gridded and plotted using Surfer software. Grid cell size for data
plots is nominally 3 m (cross-line) by 3 m (down-line), and the nearest-neighbor
algorithm was used for contouring.

Equipment functional check E566440/N136590
location

Results

Data Refer to the interpretation map and data contour maps regarding the following
discussion/interpretation discussion.

An engineering drawing for the site indicates 21 trenches trending east-west,
6 vertical pipe units, and two caissons. The trenches on the drawing are
numbered #1 through #21, starting with Trench #1 at the southern edge of the
burial ground and Trench #21 at the northern edge of the burial ground. Burial
ground monuments are depicted at each end of the documented trench
locations. Documentation indicates that the trenches are on about 12 m centers
and are about 6 m wide. Since the geophysical results confirm a trench
configuration similar to existing documentation, the same trench numbering
system will be used for reference in the geophysical discussion. The GPR
profiles were collected in two orthogonal directions across the burial ground.
The data were used to determine the average thickness of the fill material over
the top of the buried waste/debris and, in some cases, the edges of the
excavation for a trench. Average depths (from the ground surface to the top of
buried targets/burial packages) are posted in meters in rectangular boxes on
the interpretation map.
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Table B-3. 218-W-4A Geophysical Investigation Summary and Data Plots
Geophysical Investigation Summary Sheet

General observations: The buried burial packages/debris and interpreted
trench ends/edges all lie within the monumented boundary of the burial ground.
The interpreted trench centerlines appear to match the engineering drawings,
and monument placement in most cases. All the trenches appear to be at least
minimally separated. The surface view plots (shown in the figures is this
appendix) help show the separation between trenches. The fill material/
overburden covering the buried debris is typically greater than 0.8 m, ranging
from 0.5 to 1.5 m throughout most of the burial ground. Six vertical pipe units
are interpreted in the data but are at different locations other than shown on the
engineering drawing. Significant metallic anomalies are observed near the
locations shown for two caissons, but the geophysical data are inconclusive for
positive identification of the caissons. More specific observations for each
trench are noted below. Only the last three digits of the Washington State Plane
meter coordinates (for easting and northing) are used here readability.

Trench #1: This is the shortest trench, starting about 30 m further east than
the other trenches, at coordinate E289. It appears to contain both non-metallic
and metallic debris, covered by 0.8 to 1.5 m of fill. The trench boundary
correlates well with the documentation.

Trench #2: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.0 to 2.0 m of fill. One
shallow anomalous area (0.5 m below ground surface) is observed at
coordinate E 158. The trench boundary correlates well with the documentation.

Trench #3: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill. One
shallow anomaly (0.5 m below ground surface) is observed at coordinate E176.
The trench boundary correlates well with the documentation.

Trench #4: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.5 to 2.0 m of fill. The trench
boundary correlates well with the documentation.

Trench #5: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill. The
eastern portion of the trench appears to contain minimal metallic debris. The
western half of the trench converges somewhat toward Trench #4. The trench
boundary correlates with the documentation.

Trench #6: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 0.7 to 1.5 m of fill. The
anomalies/debris (east of coordinate E230) are generally about 0.7 m below
ground surface. The trench boundary correlates well with the documentation.

Trench #7: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill. Metallic
material appears more prevalent in the eastern portion of the trench. The trench
boundary correlates well with the documentation.

Trench #8: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 0.7 to 1.5 m of fill. Much of
the buried metallic material is about 0.7 m below ground surface in the eastern
portion of the trench. In general, the trench boundary correlates well with the
documentation, but it appears to converge with (but is still separate from)
Trench #9 east of coordinate E230.
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Table B-3. 218-W-4A Geophysical Investigation Summary and Data Plots
Geophysical Investigation Summary Sheet

Trench #9: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.5 to 2.0 m of fill. The trench
boundary correlates well with the documentation.

Trench #10: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill. The trench
appears to contain less metallic debris than found at the other trenches. The
trench boundary correlates well with the documentation.

Trench #11: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill. The
eastern portion of the trench appears to contain minimal metallic material, and
some of the debris may be at a depth of as little as 0.5 m below ground surface.
The eastern portion of the trench appears to trend slightly more northerly than
indicated in the design. Otherwise, the trench boundary correlates well with the
documentation.

Trench #12: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill. The trench
boundary correlates well with the documentation.

Trench #13: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 0.5 to 1.5 m of fill. Between
coordinates E245 and E290, the buried metallic material appears to be more
concentrated along the northern side of the trench, appearing to make this
portion of the trench closer to Trench #14 (but still separate). Otherwise, the
trench boundary correlates well with the documentation.

Trench #14: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill. The trench
boundary correlates well with the documentation.

Trench #15: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill, with the
exception of the most western end of the trench where some of the metallic
debris appears to be at a depth of approximately 0.5 m below ground surface.
The trench boundary correlates well with the documentation.

Trench #16: Correlates well with the monumented ends. It appears to contain
both non-metallic and metallic debris, covered by 1.0 to 1.5 m of fill. The trench
is interpreted to contain six vertical pipe units, with the tops ranging from 0.7 to
1.0 m below ground surface. The vertical pipe units are located between
approximate coordinates E317 and E333 (in contrast to the location shown on
the engineering documentation, about 30 m west of this location). A large
"flat-topped" anomaly was detected at approximately coordinate E290, where
engineering drawings show the vertical pipe units (2.0 m below ground
surface). This is only pointed out due to the documentation of the vertical pipe
units and the possibility of caissons. The trench boundary correlates well with
the documentation.

Trench #17: Correlates well with the monumented ends, and the buried debris
is covered by about 1.0 to 1.5 m of fill. Notes on the engineering drawing
indicate that the western one-third of the trench was "...unable to dig due to
tapering of Trench #18..." The geophysical data indicate that the trench does
exist for the entire length and does contain both non-metallic and metallic
debris. An engineering drawing shows a caisson near the eastern end of the
trench, which does correlate with one of two geophysical anomalies in this area,
but it is not clearly within the trench centerline. Generally, the trench boundary
correlates well with the documentation.
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Table B-3. 218-W-4A Geophysical Investigation Summary and Data Plots
Geophysical Investigation Summary Sheet

Trench #18: Correlates well with the monumented ends and the buried debris,
both metallic and non-metallic, is generally covered by approximately 0.7 to
2.0 m of fill. The western end does appear to converge slightly with Trench #17.
The eastern end appears to be a few meters north of the location noted on the
engineering drawing. The drawing also shows a caisson at the eastern end,
which does correlate with an approximate 8 m-wide anomaly about 0.8 m below
ground surface. The trench boundary correlates well with the documentation.

Trench #19: A trench does not appear to have been dug at this location. None
of the geophysical methods detected anomalous features at this trench
location. The GPR data indicated characteristics of undisturbed soil.

Trench #20: Correlates well with the monumented ends and the buried debris,
both metallic and non-metallic, is generally covered by about 0.8 to 1.5 m of fill.
The trench boundary correlates well with the documentation.

Trench #21: Correlates well with the monumented ends and the buried debris,
both metallic and non-metallic, is generally covered by about 0.5 to 1.5 m of fill.
The eastern end of the trench (at approximately coordinate E365) contains
deeply buried metallic debris with 2.0 to 2.5 m of fill material. The trench
boundary correlates well with the documentation.
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B2 Trademark Information

Geometrics® is a registered trademark of Geometrics, Inc., San Jose, California (includes
G-858/G cesium vapor magnetometer/gradiometer and MagMapper2000.exe).

GeonicsTM is a trademark of Geonics Limited, Mississauga, Ontario, Canada (includes DAT3 1.exe,
DAT313W, and EM3 1).

SIR-10ATM is a trademark of Geophysical Survey Systems, Inc., North Salem, New Hampshire.

Surfer® is a registered trademark of Golden Software, Inc., Golden Colorado.

Trimble® is a registered trademark of Trimble Navigation Limited, Sunnyvale, California (includes
Ag 132 differential global positioning system and GPS 5800 RTK).
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Appendix C

Software Verification and Validation Data File
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C1 Introduction

To demonstrate proper contour calculation and placement (i.e., software verification), a regular grid of
arbitrary numbers was created and processed by the software. Figure C-I shows the numbers plotted in
their respective locations. The data then were gridded using the nearest-neighbor method (as was used in
the investigation). Contours were calculated by the software and superimposed over the grid of numbers.
Figure C-I shows that the contours were correctly placed, based on the numbers shown in the grid.
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Executive Summary

This report presents the results of an investigation of partial areas within three landfills

(i.e., 218-W-4C, 218-E-10, 218-E-12B), as well as the entire area of the 218-W-6

Landfill. These four landfill areas are located with the 200 West and 200 East Areas of

the Hanford Site. The collective footprint of these four areas is about 65 hectares

(160 acres).

The purpose of this investigation is to evaluate and determine whether dangerous waste

and/or other mixed waste was placed in four landfill areas. Earlier assessments of process

knowledge indicate that these areas have not been used for waste disposal. However, to

gain additional confidence in the history of these areas, plans for additional investigation

were described and approved in 200-SW-1 Nonradioactive Landfills Group Operable

Unit and 200-SW-2 Radioactive Landfills Group Operable Unit Remedial

Investigation/Feasibility Study Work Plan (DOE/RL-2004-60, Rev. 0).

This investigation reviewed and evaluated multiple lines of evidence to assess whether

the four landfill areas were develop or used. The lines of evidence included the

following:

* The Solid Waste Information and Tracking System information

* Engineering design drawings

* Historical aerial photographs

* Physical walk downs of the areas

* Aerial radiation surveys

* Surface geophysical investigations

The results of this investigation support a conclusion that the four landfill areas have not

been used in the past for purposes of solid waste disposal.

Removal of these four landfill areas from further remedial investigation could be

accomplished using RL-TPA-90-0001, 2007, Tri-Party Agreement Handbook

Management Procedures, Guideline Number TPA-MP-14 Procedure, "Maintenance of

the Waste Information Data System (WIDS)" to reclassify these unused areas as rejected

waste sites. This process would allow for documentation of the conclusions reached in

this report.

iii



SGW-48278, REV. 0

iv



SGW-48278, REV. 0

Contents

1 Introduction ....................................................................................................................................... 1

1.1 Background ............................................................................................................................... 1

1.2 Purpose and Objectives ........................................................................................................ 4

2 Investigation M ethods O verview ................................................................................................. 5

3 Investigation Results for Each Landfill Area ............................................................................ 6

3.1 218-W -4C Annex ...................................................................................................................... 6

3.2 218-W -6 Annex......................................................................................................................... 7

3.3 218-E-10 Annex ........................................................................................................................ 8

3.4 218-E-12B (Area W est of Trench 37)................................................................................... 9

4 Conclusions ........................................................................................................................................ 9

5 References ........................................................................................................................................ 10

Appendices

A Engineering Drawings ................................................................................................................... A -i

B H istorical A erial Photos................................................................................................................. B-i

C A erial Radiation Survey Im ages ................................................................................................... C-i

D Surface G eophyscial Investigations ............................................................................................. D -i

Figures

Figure 1-1. Location of the Hanford Site .................................................................................................. 1

Figure 1-2. Location of 200-SW-2 Operable Unit Landfills in the 200 West Area ............................. 2

Figure 1-3. Location of 200-SW-2 Operable Unit Landfills in the 200 East Area................................ 3

V



SGW-48278, REV. 0

vi



SGW-48278, REV. 0

Terms

DOE U.S. Department of Energy

Ecology Washington State Department of Ecology
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TSD treatment, storage, and/or disposal
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1 Introduction

1.1 Background

The 200-SW-2 Operable Unit (OU) currently includes 25 solid waste landfills that are located in the
200 West and 200 East Areas of the Hanford Site. Figures 1-1, 1-2, and 1-3 are maps showing the
location of the Hanford Site and the locations of the 200-SW-2 landfills within the 200 West and 200 East
Areas, respectively.

9Seattle SPkan:
Washington

Hanford Site

Richland
.V.ncouver

I1OD-D & DR 1 00-H

IUO-,C 10 Areas a

Boundary

200-West
Area

Central P1ateau
400 Area

~~300

3000 Area

Richland

E98or90 4

Figure 1-1. Location of the Hanford Site

1



SGW-48278, REV. 0

218-W-5

21 8-W-3

21 -W-1 I

21 - -

218-W-3A

E, 218-W-3A E

218-W-1A

218-W-2A

218-W-4A

218-W-11

2 186-W-4Bs

C- 

V.-

47

218-W-4C

200-SW-2 Operable Unit Landfills
Wellst Landfill
Road

-Railroad TA rench Number Unused Tnred Area

Building Year tast Fi led RadiOaCave Waste

Taek Farm Trench ir Service Powt-Augut 19, 1987 Mixed W.de

Retravably Stored wate

V'W2_FGD7Q$24 02_0e

Figure 1-2. Location of 200-SW-2 Operable Unit Landfills in the 200 West Area
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From the mid-1940s to 2004, radioactive solid waste was disposed in the pre-planned and designed burial
trenches within most of these landfill areas. A detailed description of the background and operational
history of each of these landfills is included in DOE/RL-2004-60, 200-SW-I Nonradioactive Landfills
Group Operable Unit and 200-SW-2 Radioactive Landfills Group Operable Unit Remedial
Investigation/Feasibility Study Work Plan (hereinafter referred to as the remedial investigation/feasibility
study [RI/FS] work plan). The RI/FS work plan was approved and published in 2008.

The focus of this report is on four landfills known as the 218-W-4C, 218-W-6, 218-E-10, and 218-E-12B
Low-Level Burial Grounds. Each of these sites are currently identified as Resource Conservation and
Recovery Act (RCRA) treatment, storage, and/or disposal (TSD) units. The 218-W-6 landfill has been
moved from the 200-SW-2 OU into the 200-OA-I OU. This move was based on the understanding of the
Washington State Department of Ecology (Ecology), the U.S. Environmental Protection Agency, and the
U.S. Department of Energy (DOE) (collectively referred to as the Tri-Parties) that this landfill has never
been used. (Ecology et al., 1989, Revise Tri-Party Agreement Appendix C to Align Operable Unit
Assignments with Proposed Central Plateau Decisions, C-09-07).

The sampling and analysis plan (SAP) that is included in Appendix A of the RI/FS work plan identifies a
number of investigations that were planned for the 200-SW-2 OU. One of these investigations involves an
additional evaluation the unused areas of four different landfills areas. Section A.3.1.1.3 of the SAP
includes the following text:

"Portions of three of the RCRA TSD unit landfills within the 200-SW-2 OU never have received
buried waste. Annexes of the 218- W-4C and 218-E-10 Burial Grounds, as well as unused
portions of the 218-E-12B Burial Ground, were intended to be used for future disposal of waste;
however, no waste disposals are known to have taken place in these areas. In addition, the
218-W-6 Burial Ground is not known to have received waste.

Visual inspection and surface geophysical surveys of unused portions and annexes of landfills
will be performed, coupled with review of aerial photographs, to locate disturbed soil within
these areas that may indicate the presence of buried waste. Other historical information also may
be reviewed to determine if waste has been buried at these sites.

After field surveys are completed, these areas of unused landfills will be administratively
reclassified in the Waste Information Data System database. Those steps required to reclassify
these areas are described in Chapter 5.0 of the RI/FS work plan."

Most landfill areas included in this investigation were annexed in the mid-1980s for future/potential
growth.

1.2 Purpose and Objectives

The purpose of this investigation is to evaluate and determine whether dangerous waste and/or other
mixed waste was placed in four landfill areas within sites 218-W-4C, 218-W-6, 218-E-10, and
218-E-12B. Earlier assessment of process knowledge indicated that these areas have not been used for
waste disposal. However, to gain additional confidence in the history of these areas, plans for additional
investigation were described and approved in the RI/FS work plan. The unused areas addressed by this
investigation comprise approximately 60 hectares (150 acres) of the approximate 225 hectares (556 acres)
within the Low Level Burial Grounds landfill disposal unit.
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2 Investigation Methods Overview

The multiple lines of evidence were used to complete this investigation are listed below, and followed by
summary level descriptions of each activity.

* The Solid Waste Information and Tracking System (SWITS) database

* Engineering design drawings

* Historical aerial photographs

* Physical walk downs of the areas

* Aerial radiation surveys

* Geophysical investigations

* Personnel interviews

Solid Waste Information and Tracking System Database

The SWITS database serves as the information repository for buried solid waste at the Hanford Site.
SWITS include a wide range of data fields including waste generator, waste container type, waste
disposal locations/coordinates, waste volumes, contaminant inventory, etc. The SWITS database was
queried October 27, 2009, for the presence of any buried waste information associated with the footprint
of each of the respective unused landfill areas.

Engineering Design Drawings

Similar to other structures on the Hanford Site, engineering drawings exist for landfill facilities.
The 200 Area facilities are documented on drawings beginning with an H-2 prefix. Drawings for landfills
provide specific location coordinates for the facility boundaries and locations of buried waste trenches
and other features. Engineering drawings reviewed for this investigation included the following (provided
in Appendix A):

* 218-W-4C Landfill Annex (southeastern addition to 218-W-4C)- drawing H-2-37437, Dry Waste
Burial Ground 218-W-4C; drawing H-2-821555, Sheet 8, Subsidence Drawing Burial Ground
218- W-4C

* 218-W-6 Landfill - drawing H-2-99933, Sheet 1 and Sheet 2, Dry Waste Burial Ground 218- W-6

* 218-E-10 Landfill Annex (northern addition to 218-E-10)- drawing H-2-92004, Industrial Burial
Ground 218-E-10 Site-Plan and Details (site plan); drawing H-2-821555, Sheet 4, Subsidence
Drawing Burial Ground 218-E-10; drawing H-2-96660, Sheet 1, East Area Dry Waste Burial Ground

* 218-E-12B Landfill (area west of Trench 37) - drawing H-2-33276, Sheets 5 and Sheet 6, Dry Waste
Burial Ground 218-E-12B; drawing H-2-96660, Sheet 2, East Area Dry Waste Burial Ground;
drawing H-2-821555,Sheet 5 and Sheet 6, Subsidence Drawing Burial Ground 218-E-12B

Historical Aerial Photographs

Aerial photographs that depict each of the areas of interest were reviewed for signs or indication of buried
waste activity. The photographs selected for review cover a multi-decade period, typically spanning 30 or
more years.

5
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Physical Surface Walk-Downs of Sites

The DOE, Ecology, , and contractor representatives participated in field inspections of each of the areas
of interest. All sites were reviewed to determine if there were an feature on the ground surface that could
suggest that burial of waste had occurred.

Aerial Radiation Surveys

Imagery from airborne radiation surveys were reviewed for any indications that could suggest the burial
of waste within the areas of interest.

Surface Geophysical Investigations

Surface geophysical investigations were conducted on each of the sites from 1973 to 1974 to assess the
areas for subsurface anomalies. The deployed technologies included ground penetrating radar; Frequency
Domain Electromagnetic Induction (using a Geonics EM31 Terrain Conductivity Meter 1 ) and total
magnetic field/vertical magnetic gradient (using a Geometrics G-858G Magnetometer/Gradiometer 2 ).

Personnel Interviews

Interviews were held with key individuals with first-hand and historic process knowledge of the specific
landfill locations. Discussions were held to assess the general history of these areas and/or to help
possibly explain the origin of any unique surface features.

3 Investigation Results for Each Landfill Area

The following subsections provide a summary of the investigation results for each of the respective
landfill areas of interest. The summary-level narrative for each landfill area references additional detail
and/or supporting information that is included in appendices to this report. The appendices include the
following information:

* Appendix A - Engineering Drawings

* Appendix B - Historic Aerial Photos

* Appendix C - Aerial Radiation Survey Images

* Appendix D - Surface Geophysical Investigation

3.1 218-W-4C Annex

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the 218-W-4C Annex area.

Conclusions Based on Reviews of Engineering Drawings

Engineering design drawings reviewed for the 218-W-4C Annex indicated that there were no buried
waste trenches designed, constructed, or used within this area. Appendix A, Figures A-I series, includes
images of the drawings reviewed for this investigation.

1 Geonics EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.

2 Geometrics G-858G Magnetometer/Gradiometer is a trademark of Geometrics, Inc., San Jose, California.
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Conclusions Based on Reviews of Historical Aerial Photographs

Aerial photos reviewed for the 218-W-4C Annex support the determination that this area was not used for
burial of solid waste. Images of aerial photographs ranging from 1950s to 1990s were reviewed for this
investigation; examples are included in Appendix B, Figure B-I series.

Conclusions Based on Inspection of Site Surfaces by Physical Walk-Downs

A site physical walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on
August 6, 2008. Both inspections identified miscellaneous debris on the surface of the 218-W-4C Annex.
Surface debris included three piles of soil/asphalt/concrete, sections of a weather tower, polyvinyl
chloride piping with sampling tubes (likely from an abandoned soil vapor sampling experiment), a
wooded pallet, and metal plate.

Conclusions Based on Review of the Aerial Radiation Surveys

The review of aerial radiation survey results from 1973 to 1974 did not reveal any sources of
contamination that originated from the 218-W-4C Annex area. Appendix C provides images of the
radiation survey results that include the 218-W-4C Annex area.

Conclusions Based on Surface Geophysical Investigations

Surface geophysical investigations did not identify the presence of any buried waste or trench-like
features at this site. Appendix D provides further detail on the geophysical investigation for this site.

Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the 218-W-4C Annex area.

3.2 218-W-6 Annex

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the 218-W-6 site.

Conclusions Based on Reviews of Engineering Design Drawings

Engineering design drawings reviewed for the 218-W-6 indicated that there were no buried waste
trenches designed, constructed, or used within this area. Appendix A, Figures A-2 series, includes images
of the drawings reviewed for this investigation.

Conclusions Based on Reviews of Historical Aerial Photographs

Aerial photos reviewed for the 218-W-6 site support the determination that this area was not used for
burial of solid waste. Images of aerial photographs ranging from 1950s to 1990s were reviewed for this
investigation; examples are included in Appendix B, Figure B-2 series.

Conclusions Based on Inspection of Site Surfaces by Physical Walk-Downs

A site walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on
August 6, 2008. The walk-downs did identify miscellaneous debris on the surface of the 218-W-6 site.
Observed surface debris included two sections of wire rope, and several pieces of plywood. In addition,
for purposes of fire protection, most of the area was scraped previously of vegetation. The scraped debris
(comprised of soil and sagebrush) has been mounded into about seven tall piles.
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Conclusions Based on Review of the Aerial Radiation Surveys

The review of aerial radiation survey results from prior years did not reveal any sources of contamination
that originated from the 218-W-6 area. Appendix C provides images of the radiation survey results that
include the 218-W-6 site.

Conclusions Based on Surface Geophysical Investigations

Surface geophysical investigations did not identify the presence of any buried waste or trench-like
features at this site. Appendix D provides further detail on the geophysical investigation for this site.

Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the 218-W-6 area.

3.3 218-E-10 Annex

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the 218-E-10 Annex area.

Conclusions Based on Reviews of Engineering Design Drawings

Engineering drawings reviewed for the 218-E-1 0 Annex indicated that there were no buried waste
trenches designed, constructed, or used within this area. Appendix A, Figures A-3 series, include images
of the drawings reviewed for this investigation.

Conclusions Based on Reviews of Historical Aerial Photographs

Aerial photos reviewed for the 218-E-10 Annex support the determination that this area was not used for
burial of solid waste. Images of aerial photographs ranging from 1950s to 1990s were reviewed for this
investigation; examples are included in Appendix B, Figure B-3 series.

Conclusions Based on Inspection of Site Surfaces via Physical Walk-downs

A site walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on
August 6, 2008. The walk-downs did identify miscellaneous debris on the surface of the 218-E-10 Annex
area. Observed surface debris included a small area (<1 m2 [<11 ft2 ]) section of concrete slag (likely from
construction of a nearby well), and seven approximately 0.5 m (1.6 ft)-long sections of metal piping
laying on the surface or and partially inserted into the surface soil, a steel bar, and a steel wheel.

Conclusions Based on Review of the Aerial Radiation Surveys

The review of aerial radiation survey results from prior years did not reveal any sources of contamination
that originated from the 218-E-10 Annex area. Appendix C provides images of the radiation survey
results that include the 218-E-10 area.

Conclusions Based on Surface Geophysical Investigations

Surface geophysical investigations did not identify the presence of any buried materials or trench-like
features at this site with the exception of an anomaly that is approximately 10 x 20 m (33 x 65 ft) in area
centered about N 137700 and E572990. Ground-penetrating radar data indicate that this area likely
contains shallow, scattered material from 0.3 to 1.0 m (I to 3.3 ft) below the surface. Appendix D
provides further details about the geophysical investigation for this site.
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Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the 218-E-10 Annex area.

3.4 218-E-12B (Area West of Trench 37)

Conclusions Based on Reviews of SWITS

SWITS does not include any record of buried waste within the western portion of the 218-E-12B site.

Conclusions Based on Reviews of Engineering Design Drawings

Engineering design drawings reviewed for the 218-E-12B landfill indicated that there were no buried
waste trenches designed, constructed, or used west of Trench 37. Images of the drawings reviewed for
this investigation are included in Appendix A, Figures A-4 series.

Conclusions Based on Reviews of Historical Aerial Photographs

Aerial photos reviewed for the western region of the 218-E-12B site support the determination that this
area was not used for burial of solid waste. Images of aerial photographs ranging from 1950s to 1990s
were reviewed for this investigation; examples are included in Appendix B, Figure B-4 series.

Conclusions Based on Inspection of Site Surfaces by Physical Walk-Downs

A site walk-down was conducted on October 26, 2007 and again with DOE and Ecology staff on
August 6, 2008. The walk-downs did identify miscellaneous debris on the surface of the 218-E-10 Annex
area. Observed surface debris included a small area (<1 m2 [11 ft2 ]) section of concrete slag and a steel
cable.

Conclusions Based on Review of the Aerial Radiation Surveys

The review of aerial radiation survey results from prior years did not reveal any sources of contamination
that originated from the 218-E-12B area. Appendix C provides images of the radiation survey results that
include the 218-E-12B area.

Conclusions Based on Surface Geophysical Investigations

Surface geophysical investigations did not identify the presence of any buried waste or trench-like
features at this site. Appendix D provides further detail on the geophysical investigation for this site.

Conclusions Based on Personnel Interviews

Discussions with experienced field operations staff did not result in any information that suggests that
waste has been buried in the western region of the 218-E-12B site.

4 Conclusions

Based on the investigations summarized in the previous sections of this report, there is no evidence of
solid waste being buried in the the 218-W-4C Annex, the entire 218-W-6, and the western portion of the
218-E-12B Landfill. Furthermore, the decision to move the 218-W-6 landfill from the 200-SW-2 OU into
the 200-OA- 1 OU was based on the understanding of the Tri-Parties that this landfill has never been used.

There is one exception to the otherwise benign character of the 218-E-10 Annex as described in
Section 3.4. This subsurface anomaly can be seen as a surface expression on the 1954 aerial photograph.

9
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Operations of the 218-E-10 landfill (southern portion) did not begin until 1955. The northern portion of
218-E-10 (the 218-E-10 Annex) is documented as never having been used for waste disposal.

Removal of these four landfill areas from further remedial investigation could be accomplished using
RL-TPA-90-0001, 2007, Tri-Party Agreement Handbook Management Procedures, Guideline Number
TPA-MP-14 Procedure, "Maintenance of the Waste Information Data System (WIDS)" to reclassify these
unused areas as rejected waste sites. This process would allow for documentation of the conclusions
reached in this report.
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Appendix A

Engineering Drawings

The following pages include images of the engineering design drawings that were reviewed as part of this
investigation.
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Figure A-2. Engineering Drawing H-2-821555 of the 218-W-4C Landfill
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Figure A-3. Engineering Drawing H-2-99933 of the 218-W-6 Landfill
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Figure A-4. Engineering Drawing H-2-99933 of the 218-W-6 Landfill
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Figures A-5. Engineering Drawing H-2-92004 of the 218-E-10 Landfill
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Figure A-6. Engineering Drawing H-2-821555 of the 218-E-10 Landfill
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Figures A-7. Engineering Drawing H-2-96660 of the 218-E-10 Landfill
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Figure A-8. Engineering Drawing H-2-33276 of the 218-E-12B Landfill
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Figure A-9. Engineering Drawing H-2-33276 of the 218-E-12B Landfill
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Figure A-10. Engineering Drawing H-2-821555 of the 218-E-12B Landfill
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Figure A-11. Engineering Drawing H-2-821555 of the 218-E-12B Landfill
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Figure A-12. Engineering Drawing H-2-96660 of the 218-E-12B Landfill
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Appendix B

Historical Aerial Photos

The following pages include examples of the historical aerial photographs that were reviewed as part of this investigation.
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Figure B-1 Series -- Photographic Chronology Documenting Unused Area of
218-W-4C
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Figure B-1. Aerial Photo, Dated 1956, of 218-W-4C (boundaries are approximate)
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Figure B-2. Aerial Photo, Dated 1962, of 218-W-4C (boundaries are approximate)
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Figure B-3. Aerial Photo, Dated 1962, of 218-W-4C (boundaries are approximate)

Figure B-4. Aerial Photo, Dated 1973, of 218-W-4C (boundaries are approximate)
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Figure B-5. Aerial Photo, Dated 1975, of 218-W-4C (boundaries are approximate)

Figure B-6. Aerial Photo, Dated 1980, of 218-W-4C (boundaries are approximate)
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Figure B-7. Aerial Photo, Dated 1988, of 218-W-4C (boundaries are approximate)

Figure B-8. Aerial Photo, Dated 2006, of 218-W-4C (boundaries are approximate)
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Figure B-2 Series. Photographic Chronology Documenting Unused Landfill 218-W-6

Figure B-9. Aerial Photo, Dated 1969, of 218-W-6 (boundaries are approximate)

Figure B-10. Aerial Photo, Dated 1971, of 218-W-6 (boundaries are approximate)
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Figure B-11. Aerial Photo, Dated 1975, of 218-W-6 (boundaries are approximate)

Figure B-12. Aerial Photo, Dated 1980, of 218-W-6 (boundaries are approximate)
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Figure B-13. Aerial Photo, Dated 1988, of 218-W-6 (boundaries are approximate)

Figure B-14. Aerial Photo, Dated 2006, of 218-W-6 (boundaries are approximate)

B-7



SGW-48278, REV. 0

Figure B-3 Series. Photographic Chronology Documenting Unused Areas of Hanford
Landfills
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Figure B-15. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1954 (boundaries are approximate)
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Figure B-16. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1966 (boundaries are approximate)
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Figure B-17. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1969 (boundaries are approximate)
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Figure B-18. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1975 (boundaries are approximate)

Figure B-19. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1982 (boundaries are approximate)
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Figure B-20. Aerial Photo of 218-E-10 and 218-E-12B, Dated 1988 (boundaries are approximate)
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Topsoil removal for us
in other projects.

Figure B-21. Aerial Photos of 218-E-10 (top) and 218-E-12B (bottom), Dated 1996
(boundaries are approximate)
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Figure B-22. Aerial Photo of 218-E-10, Dated 2006 (boundaries are approximate)

Figure B-23. Aerial Photo of Unused Portion of 218-E-12B, Dated 2006 (boundaries are approximate)
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Appendix C

Aerial Radiation Survey Images

The following pages include images of aerial radiation survey results that were reviewed as part of this
investigation.
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C1 200 West Area -- Aerial Radiation Measurement System Results

Figure C-1. 200-West Concentration and Gamma Exposure Rate Isopleths for 117 Cs (EGG-1183-1661)

Figure C-2. 200 East Isopleth Map of Total Gamma Ray Count Between 50 keV and 3 MeV (EGG-1183-1661)
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Figure C-3. 200 East Concentration and Gamma Exposure Rate Isopleths for 137 Cs (EGG-1183-1661)

Figure C-4. 200 East Isopleth Map of Total Gamma Ray Count Between 50 keV and 3 MeV (EGG-1183-1661)

C2 Reference

EGG-1183-1661, 1975, An Aerial Radiological Survey of the U.S. Energy Research and Development
Administration's Hanford Reservation (Survey Period: 1973-1974), EG&G Energy
Measurements, Inc., Las Vegas, Nevada.
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Appendix D

Surface Geophysical Investigations
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D1 Introduction

This document summarizes the results of geophysical investigations conducted at four unused burial
ground areas located within the 200 East and 200 West Areas of the Hanford Site. The geophysical
investigations were performed by Washington Closure Hanford (WCH) for Fluor Hanford, Inc., (Fluor
Hanford) during July, August, and September 2008. The geophysical techniques used in the
investigations were ground-penetrating radar (GPR), electromagnetic induction (EMI), and total magnetic
field (magnetic) methods.

D1.1 Scope and Objectives

The following burial grounds were investigated:

" 218-E-10 Annex

* 218-E-12B (Western Portion)

* 218-W-4C Annex

* 218-W-6

The geophysical surveys were reconnaissance-type surveys that were aimed at verifying the unused status
of the landfill areas. However, if large, i.e., dump truck size, anomalies or those consistent with a
55-gallon drum were interpreted from the data, then determination of the following characteristics were to
be attempted:

* Locations of buried anomalies

* Characteristics of detected anomalies (metallic versus non-metallic)

* Depth of soil cover above the anomaly

D1.2 Background

Characterization of waste placed in 200 Areas burial grounds is being performed to evaluate waste site
conditions and to evaluate remediation alternatives to support cleanup/closure under the Comprehensive
Environmental Response, Compensation, and Liability Act of1980. The waste sites addressed in this
report are included in the 200-SW-2 Radioactive Landfills Operable Unit.

An initial phase of geophysical investigations was performed at eight burial grounds waste sites in 2005
and documented in D&D-28379, Geophysical Investigations Summary Report: 200 Area Burial Grounds:
218-C-9, 218-E-2A, 218-E-5, 218-E-5A, 218-E-8, 218-W-1A, 218-W-2A, and 218-W-11. Data from these
previous investigations indicated that three of the eight burial grounds investigated (218-E-2A, 218-E-8,
218-W- 11) may have areas where the burial trenches extend beyond the areas initially surveyed.

A second phase of geophysical investigations was conducted during June 2006. This activity is
documented in D&D-30708, Geophysical Investigations Summary Report: 200 Areas Burial Grounds:
218-E-1, 218-E-2A, 218-E-8, 218-E-12A, 218-W-1, 218-W-2, 218-W-3, and 218-W-11. The second phase
of geophysical investigations was directed at resolving the potential discrepancies at the 218-E-2A,
218-E-8, and 218-W-1 1 landfills and also included geophysical investigations at five other, older and
inactive landfills (218-E-1, 218-E-12A, 218-W-1, 218-W-2, and 218-W-3).
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A third pphase of geophysical investigations was performed in 2009 and documented in SGW-43771,
Geophysical Investigations Summary Report - 200 Area burial Grounds: 218-E-2, 218-E-4, 218-E-9 and
218-W-4A. This effort included the remainder of the 200-SW-2 OU landfills that operated prior to 1970.

Large areas of 218-W-4C, 218-E-10, and 218-E-12B were once intended for future buried waste, but are
believed to have never been used. Additionally, the entire 218-W-6 landfill area is believed to never have
been used. These potentially unused landfill areas account for approximately 60 ha (150 ac). The current
investigation, as described in this report, was designed to determine the unused status of these large areas.

D1.3 Geologic Setting

The depth of investigation for the geophysical instruments used in this work was generally limited to
approximately 3 to 4 m (10 to 13 ft). Therefore, only the shallowest aspects of site geology are pertinent
to this investigation. Those aspects of the site geology are the Hanford formation and the surficial
sediments.

The Hanford formation is the shallowest geologic formation recognized at the Hanford Site and consists
of deposits of poorly sorted gravels and coarse sands indicative of a high-energy depositional
environment. The surficial sediments overlying the Hanford formation are primarily eolian loess
interspersed with lenses of sand and mixed gravels.

WHC-SD-EN-EE-004, Revised Stratigraphy for the Ringold Formation, Hanford Site, South-Central
Washington presents a comprehensive summary of the geology of the Hanford Site.

D2 Methodology

D2.1 Survey Grid Parameters

Fluor Hanford provided site drawings to WCH to develop base grids at each site. Using the drawings,
WCH determined Washington State Plane coordinates (NAD83, North American Datum of 1983, as
revised) to create base grids with 30 m (98 ft) nodes, extending to or beyond the documented site
boundaries. The grid nodes were intentionally chosen to be at state plane coordinates ending at the nearest
even 10 m (33 ft) increment. The state plane coordinates were given to Fluor Hanford civil survey
personnel who used global positioning system (GPS) instrumentation to stake the base grids in the field.
Survey reports for each of the four survey areas are included in Attachment D1. WCH personnel then
marked data collection lines at 6 m intervals between the 30 m (98 ft) nodes, using fluorescent pin flags.

Operators used the fluorescent pin flags to "dead-reckon" data collection along and in between the
marked lines. Data positioning along the lines was accomplished by careful pacing or by marking 30 m
(98 ft) fiducials, depending on the instrument. In areas of significant sagebrush, real-time GPS guidance
was used to maintain profile spacing.

The geophysical data plots are presented in Washington State Plane Meters.

D2.2 Geophysical Methods

The geophysical techniques used in the investigations were the EMI, total magnetic field, and GPR
methods. These methods were selected because they are cost effective and nonintrusive and have been
successful in similar waste characterization projects conducted at the Hanford Site.

D-2
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D2.2.1 Frequency-Domain Electromagnetic Induction

The Geonics EM31 Terrain Conductivity Meter1 is a frequency domain EMI instrument that is designed
to measure the apparent electrical conductivity of soil and to detect ferrous and nonferrous metal objects
to a depth of approximately 3 to 4 m (10 to 13 ft) (in ideal situations). The EM3 1 meter consists of a
transmitter coil and receiver coil at either end of a 4 m (13 ft)-long boom. The transmitter generates
pulses of electromagnetic (EM) energy (the primary field) at regular intervals, which are transmitted into
the ground, where they induce eddy currents in electrically conductive material (soil and/or metal
objects). The induced eddy currents generate their own EM field (the secondary field), which transmits
back toward the instrument. The receiver coil on the EM31 meter measures and records the strength of the
secondary field both in phase and out of phase with the primary field transmitter. The in-phase component
of the measurement is most strongly influenced by the presence of metallic objects in the subsurface,
while the out-of-phase component (quadrature component) is directly related to the electrical conductivity
of the surrounding soil.

The in-phase component reading is given in parts per thousands of the amplitude of the secondary signal
to the primary signal. The out-of-phase component reading is given in units of electrical conductivity
(millisiemens per meter [mS/m]), which is the apparent conductivity of the soil near the instrument,
assuming homogeneous conditions. This assumption becomes less valid in the presence of metal or other
significant conductivity changes. However, the contrasts in conductivities are used generally for
interpretation, not the absolute values, so the validity of the assumption usually is irrelevant.

The EM31 meter is an ideal instrument for waste site characterization because of the relative speed and
ease with which it can cover an area. The normal mode of operation is to mark out regularly spaced data
collection lines and then walk down the lines with the instrument held at hip height, collecting data at
regularly spaced intervals. Both the in-phase and out-of-phase (terrain conductivity) measurements are
collected and plotted for analysis. The instrument is most useful for locating large concentrations of
buried metallic objects and for detecting subtle shifts in background soil properties. While the EM31
meter is capable of detecting drum-size metallic objects to a depth of 3 to 4 m (10 to 13 ft) in ideal
situations, the lateral resolution of the position of detected objects is about 1 m (3 ft).

Conditions that limit the detection capability of the EM31 meter include high-background soil
conductivities and proximity to cultural interference such as buildings and fences. High soil conductivities
have the effect of limiting the depth of investigation of the instrument, because they significantly
attenuate the propagation of the primary and secondary fields. (This same phenomenon limits GPR depth
of investigation in areas of high soil conductivity.) Large, metallic surface cultural features can effectively
swamp the signal of the EM3 1 meter out to a distance of approximately 5 to 7 m (16 to 23 ft). Sites with a
significant number of buried utilities also may generate data that are difficult to interpret.

D2.2. 1.1 EM31 Data-Collection Procedures

Geonics, 1994, EM31 Terrain Conductivity Operating Manual discusses data collection procedures in
detail. The EM31 meter has the following specific key data collection and processing attributes:

* Perform functional checks as outlined in the manufacturer-supplied operator's manual. A functional
check was performed each day at a specific location having a geophysically quiet background. These
checks were documented and recorded electronically.

1 Geonics EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.
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* Collect the data along profiles that are spaced a predetermined distance apart. The data are then
typically collected along the individual profiles at evenly spaced distances, either discretely or at
constant time intervals, while walking at a constant rate.

* Estimate visually, pace the location of data points, and/or use GPS guidance to collect between
surveyed grid points.

D2.2.1.2 EM31 Data-Processing Procedures

The EM31 meter has the following specific data processing parameters:

* Edit the data for mislabeled lines, view in raw form along each profile, and convert to XYZ.dat files.

* Contour the data with the grid nodes at near the actual data points (with close-spaced data) using
Golden Software's Surfer 2 or equivalent.

D2.2.2 Total Magnetic Field /Vertical Magnetic Gradient

A magnetometer measures the intensity of the earth's magnetic field. The presence of ferrous material,
manufactured or natural, creates local variations in the strength of the earth's overall magnetic field.
These variations are proportional to several factors, including the mass of the ferrous material and the
distance between the ferrous material and the detector. The distance is significant, because it changes the
response by a factor of one over the distance cubed. The primary measurement is the total magnetic field
(TMF) intensity. The TMF is a summation of all of the magnetic variables around the sensor. When the
ferromagnetic sources are close to the detector, large variations in the TMF can occur. Therefore, it often
is difficult to differentiate individual anomalies based on the TMF alone.

To improve the resolution of a magnetic survey, the vertical magnetic gradient also can be measured. This
is accomplished by making two simultaneous TMF measurements at each data point, using two sensors
separated by a fixed vertical distance. The difference between the two measurements is the vertical
magnetic gradient (hereinafter referred to in this document as the magnetic gradient). The response to
ferrous material falls off at a rate of one over the distance to the fourth power. Because of this, the
magnetic gradient measurement should help differentiate individual anomalies and waste boundaries
better than the TMF alone. Both the TMF and the magnetic gradient values typically are displayed on
contour maps for analysis.

2 Surfer is a trademark of Golden Software, Inc., Golden, Colorado.
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A Geometrics G-858G Magnetometer/Gradiometer 3 consists of two cesium vapor magnetometers.
The magnetometers are mounted vertically on a pole with a 0.75 m (2.5 ft) separation. This configuration
is used to collect vertical gradient data. Each magnetometer independently records the total field magnetic
intensity. The gradient measurement is the difference in the total field measurements between the two
sensors. In essence, a single recording location consists of three values: a total field measurement from
the upper sensor, a total field measurement from the lower sensor, and the magnetic gradient value.

Three types of errors occasionally occur during data collection with the G-858G magnetometer/
gradiometer. The first type of error is a consequence of the cesium sensors being insensitive to magnetic
fields in certain orientations, creating "dead zones." To reduce this error, each sensor was oriented to a
position that would minimize dead-zone readings. The second type of erroneous reading occurs when a
recording is taken too close to a magnetically sensitive ferrous feature. This can result in a "null" reading.
The bottom sensor typically is more sensitive to null readings, because it usually is the closest to
magnetically sensitive ferrous objects. The third type of error is caused by poor connections between the
sensors and the control unit.

Geometrics equipment provides some safeguards against these errors: an audio warning and a visual
warning. The audio warning often is ineffective in noisy areas. Monitoring the data visually also has its
limitations because of sun glare on the control unit screen. When erroneous readings are identified in the
field, those data points typically are edited and re-collected. If they are not identified in the field, they can
be noted during the data-reduction phase and can be edited at that time. If a null reading is recorded on
either sensor, the gradient data are erroneous and also must be edited. The editing during data reduction
typically has minimal effect on the results because of the close spacing of the individual data points.

D2.2.2.1 Magnetic Data-Collection Procedures

The document 25309-OM, G-858 MagMapper, Rev. D, discusses data collection procedures in detail.
The G-858G magnetometer/gradiometer has the following specific key data collection attributes:

* The cesium vapor magnetic sensors need to warm up before data collection begins at each site.
The warming up of the sensors is monitored on the control unit.

* Functional checks were performed as outlined in the manufacturer-supplied operator's manual.
Functional checks were performed each day at a specific location (the same location used for the
EM31 functional checks) having a geophysically quiet background. These checks were documented
and recorded electronically.

* Data typically are collected along profiles spaced a specified distance apart. The data are collected
along the individual profiles at evenly spaced distances, either discretely or at constant time intervals,
while walking at a constant rate. GPS guidance was used for the western half of the 218-W-4C Annex
due to the "old growth" sagebrush.

D2.2.2.2 Magnetic Data Processing Procedures

Specific data-processing procedures are as follows:

* Download the magnetic field data to a laptop computer via Geometrics software, MagMap2000 4 .

3 Geometrics G-858G Magnetometer/Gradiometer is a trademark of Geometrics, Inc., San Jose, California.

4 Geometrics MagMap2000 is a trademark of Geometrics, Inc., San Jose, California.
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* Edit the data with all null readings (sensor null readings) removed from the data.

* Convert the data files to XYZ.dat format, which is compatible to Golden Software's Surfer or
equivalent.

* Contour the data using "standard" contour packages such as Surfer software. Two types of contour
maps were the foundation for interpretation.

* Magnetic field apparent vertical gradient: The absolute value of the difference between the top and
bottom sensor reading. This value primarily represents discrete, shallow anomalies.

* Top sensor residual: Statistics were run for top sensor readings (the top sensor is less affected than the
bottom sensor by small ground surface debris) and the mean value determined. This value (about
54,600 nanoteslas [nT]) was then subtracted from the total sensor reading to produce values more
conducive to contouring in order to better show subtle anomalies.

D2.2.3 Ground-Penetrating Radar

Ground-penetrating radar uses a transducer to transmit frequency modulation (FM) EM energy into the
ground. Interfaces in the ground (defined by contrasts in dielectric constants, magnetic susceptibility, and,
to some extent, electrical conductivity) reflect the transmitted energy. The GPR system then measures the
travel time between transmitted pulses and the arrival of reflected energy. Buried objects (such as pipes,
barrels, foundations, wires) can cause all or a portion of the transmitted energy to be reflected back
toward a receiving antenna. Geologic features such as cross-bedding, lateral and vertical changes in soil
properties, and rock interfaces also can cause reflections of a portion of the EM energy.

The dielectric constant and magnetic susceptibility of the medium primarily controls the velocity of the
EM energy. For calculating depth, values of EM velocities are determined by measurement, experience in
an area, ties to known buried reflectors, and knowledge of the subsurface medium.

The effective depth of investigation is a function of the transmitted power, receiver sensitivity, frequency
of the antenna, and attenuation of the transmitted energy from the geologic medium. The maximum depth
of investigation may vary significantly because of changing soil conditions. High attenuation and,
therefore, smaller penetration depths of the EM energy typically occur where the soil conductivity is
greater than 10 mS/m and/or in areas with numerous reflective interfaces. Depth of investigation also is
affected by highly conductive material, such as metal drums or pipes, which essentially reflects all the
energy. The method cannot "see" directly below areas of highly reflective material, because all of the
energy is reflected.

The reflected energy provides the means for mapping the subsurface features of interest, whether
synthetic or geologic. Display and interpretation of GPR data are similar to that of seismic reflection data
(i.e., data displayed as horizontal distance versus time depicting pseudo cross-sections of the earth). When
numerous adjacent profiles are collected, often in two orthogonal directions, a plan-view map showing the
location and depth of the detected features can be generated.

D-6



SGW-48278, REV 0

D2.2.3.1 Ground-Penetrating Radar Data Collection Procedures

Generic data collection procedures are discussed in detail in Geophysical Survey Systems, 1993, SIR-10A
User's Manual. The subsurface interface radar, or SIR-i 0A 5, has the following specific key data
collection and processing attributes:

* Select the antenna best suited to meet the survey objectives.

* Set the filters, gains, and other data-collection parameters best suited for the local soil conditions.

* Pull the antenna along a series of parallel profiles within the established survey grid, then collect data
along profiles in the orthogonal direction, specifically when mapping unknown linear features in
various orientations.

* Record the data on the system hard drive.

* Conduct post-processing of data if warranted, and print records for interpretation.

* Interpret data using all available historical records, drawings, maps of surface features, and other
geophysical data sets.

For these investigations, GPR data were collected by pulling the antenna by hand.

D2.2.3.2 Ground-Penetrating Radar Data-Processing Procedures

Data processing of the GPR data consisted of reviewing of unfiltered data as well as application of
various horizontal filters (as necessary). The horizontal filters, when used, had the effect of removing
coherent noise so that anomalies were more visible in the records. Such noise can often be attributed to
other sources (e.g., interference from internal electronic noise from field equipment, or reflections from
objectes above the ground surface). When filters were used on records, unfiltered data also were used to
give multiple images of the data for interpretation.

D2.3 Approach to Data Collection

Typically, profiles would be oriented perpendicular to the strike of known trenches. However, since the
survey areas are believed to have been unused, there were no preferred directions for profile orientation.
Therefore, the magnetic data profiles were collected along true north-south lines, spaced 3 m (9.8 ft)
apart. The EM31 data were collected along true north-south and east-west orientations, with 6 m (19.6 ft)
profile spacing. These profile spacings and orientations offer the best possibility of detecting anomalies
that would be caused by significant trench or pit contents regardless of anomaly orientation. For the
magnetic field data, recordings were at a constant time interval of 0.3 s, yielding data-point recordings
approximately every 0.3 m (1 ft). In the EM31 data, recordings were taken at 0.5 s intervals along each
profile, yielding data-point readings approximately every 0.5 m (1.6 ft). Data were downloaded from the
field instruments daily and reviewed regularly.

Preliminary plots of the EM31 data and magnetic field data were used to screen areas that would warrant
more detailed characterization using GPR. Only two areas required the more detailed GPR investigation,
one at 218-E-10 Annex, and one at the 218-W-4C Annex.

5 SIR-1 OA is a trademark of Geophysical Survey Systems, Inc., North Salem, New Hampshire.
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The site investigation summaries (Attachment D2) discuss the details of the data collection at each burial
ground.

D3 Results

Figures DI through D6 display summary-level interpretations of the geophysical data. These
interpretation maps represent an integration of all of the geophysical data and other site information and
engineering drawings, as available.

Attachment D2 presents plots of the EMI and magnetic data collected, along with details of the
investigation at each site. Additionally, Attachment D2 presents surface feature base maps and overlays
between data sets and surface features. The large volume of GPR paper records makes presentation of
these data impractical; they will be retained in the 200-SW-2 Operable Unit Project File for reference.

D3.1 Geophysical Data Interpretation

The following paragraphs discuss some aspects of interpreting the different types of geophysical data
collected in this investigation.

EMI data interpretation typically involves looking for horizontal contrasts in readings of the two
components recorded. Absolute amplitude and the rate of change in amplitude also may be analyzed.
These observations are used to identify anomalous locations. Anomalies then are used to infer the location
of buried objects and/or debris. Comparing the presence of in-phase versus terrain conductivity
(quadrature-phase) anomalies gives additional information. The in-phase component is significantly more
sensitive to large, discrete metallic objects than the quadrature phase. The quadrature phase, in general, is
more sensitive to long, extended targets such as pipelines and to the overall terrain conductivity.

Magnetic field data are interpreted by identifying contrasts (anomalies) in readings that are indicative of
buried ferrous (iron-containing) metal objects. The locations of the anomalies are used to infer the
location of buried objects or debris. The apparent vertical gradient readings of the total magnetic field are
very useful for discretely identifying shallow anomalies. The top sensor total field readings are useful for
looking deeper and identifying larger anomalous areas. For simplicity of data plotting, the absolute value
of the vertical field often is used to minimize the dipole effect produced by some anomalies. For the total
field plots, the average total field value (typically -54,600 nT for these surveys) is subtracted from the
individual values in order to accommodate detailed contour maps.
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GPR data are interpreted by locating anomalies on the paper data records and then determining their depth
and spatial location. The location and depth of the anomalies are hand plotted onto a map of the site by
the interpreter. A representative number of these anomalies are then digitized in computer-aided drafting
and design software to be plotted on the interpretation map. Because of the large number of anomalies
often interpreted in GPR data, the discretion of the interpreter is used to decide which anomalies are
transferred to the computer-aided drafting and design drawing to indicate the important information about
the site.

D3.2 General Discussion of Results

The geophysical surveys were reconnaissance-type surveys that were aimed at verifying the unused status
of the landfill areas. Geophysical methods, profile spacing, and profile orientation were selected to
support this goal. At all four sites, the EM, and magnetic field data generally exhibit very low amplitude
character. To illustrate the predominately quiet/anomaly free nature of the survey areas, the anomalies
that do dominate most of the magnetic field/vertical gradient data are associated with T-posts and metal
survey pin flags, or can be correlated with visible surface features such as well casings. In the event that
unexplained anomalous areas were identified within the survey boundaries, additional characterization
was attempted using ground-penetrating radar and/or more detailed visual field checking for correlations.

D3.2.1 Reliability/Accuracy of the Results

The quality of the geophysical data depends on factors such as soil conditions, topography, accessibility
to the area, and amount of site disturbance by past human activity. Although EMI, magnetic, and GPR
instruments are capable of recording accurate and precise quantitative measurements, the final results of
the investigation are based on the subjective interpretation and understanding of the data. In most cases,
the interpreter is able to assess many factors that affect the reliability of the results and can provide a level
of confidence in the reliability of the results.

Given the reconnaissance nature of the surveys, interpretations were performed with the intent of
determining the boundaries of a given anomaly and representative information about its content and
depth. The interpretation figures do not show all detected anomalies. Locations of objects detected in the
data (i.e., position in the horizontal plane) have a nominal accuracy of +/-1.0 m (3 ft). Where depth to the
top of the anomaly is presented, its accuracy is nominally +/-0.3 m (1 ft).

D3.3 218-E-10 Annex

Numerous small, discrete magnetic anomalies are scattered throughout the data, but most of these appear
to be associated with basalt cobbles/boulders observed on the surface and occasionally attributed to
miscellaneous small pieces of metal scattered throughout the survey area (Figure D1). The EMI apparent
ground conductivity and in-phase data also indicate an overall quiet background for the entire site.

The notable exception to the otherwise benign character of the site is a subsurface anomaly, centered at
about N 137700 and E572990. GPR data were collected around this area for further characterization.
The GPR data indicate this area likely contains shallow, scattered anomalous debris from 0.3 to 1.0 m
(I to 3 ft) below the surface over an area 10 to 20 m (33 to 66 ft) across (Figure D2).

D3.4 218-E-12B (Western Portion)

Numerous small, discrete magnetic anomalies are scattered throughout the data, but most of these appear
to be associated with basalt cobbles/boulders observed on the surface and occasionally to miscellaneous
small pieces of metal scattered throughout the survey area (Figure D3). The EMI apparent ground
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conductivity and in-phase data also indicate an overall quiet background for the entire site. No buried
drum or trench-like features were observed in the data.

D3.5 218-W-4C Annex

Several small, discrete magnetic anomalies are scattered throughout the data, but most correlate with
visible surface features/debris (Figure D4). The EMI apparent ground conductivity and in-phase data also
indicate an overall quiet background for the entire site.

The notable exception to the otherwise benign character of the site is an anomalous area, observed in both
the magnetic and EM data, centered at about N135140 and E566480. GPR data were collected around this
area for further characterization. The GPR data indicate this area contains a few shallow, scattered pieces
of debris, from 0.3 to 1.0 m (I to 3 ft) below the surface, confined laterally within a few meters
(Figure D5).

No buried drum or trench-like features were observed in the data.

D3.6 218-W-6

Numerous small, discrete magnetic anomalies are scattered throughout the data, but many of these appear
to be associated with basalt cobbles/boulders observed on the surface and to miscellaneous small pieces
of metal, wire rope, etc. scattered throughout the survey area (Figure D6). The "anomalous" signature
along the southwestern edge of the survey area is from a railroad track and the large anomaly, centered at
about N137510 and E567195 is the drill pad/rig location. The EMI apparent ground conductivity and
in-phase data also indicate an overall quiet background for the entire site. The southern portion of the
survey area appears to have the highest amount of surface/near surface metallic debris.

No buried drum or trench-like features were observed in the data.

D4 Software Problem Reporting and Validation and Verification Information

WCH currently maintains a quality management system that is compliant with the quality standards
described in International Standard ISO 9001:1994, Quality Management Systems-Requirements.
This quality management system also is designed to meet similar quality system requirements specified in
corresponding ANSI/ASME NQA- 1, Quality Assurance Requirements for Nuclear Facility Applications,
Basic Requirements sections. Furthermore, the WCH Quality Management System also is designed to
comply with the 10 quality assurance criteria specified in the DOE Order 414.1 C, Quality Assurance,
implementation of 10 CFR 830, "Nuclear Safety Management," Subpart A, "Quality Assurance
Requirements."

In accordance with the statement of work, the following sections discuss the process that was in place for
reporting problems that could have been encountered with software. In addition, the section presents the
method used to document the validation and verification of software used to perform calculations. Note
that no errors or problems were observed with the software used for this project. No nonconformance
reports were generated.

D4.1 Software Problem and Error Reporting

A WCH-approved internal work process describes identifying, controlling, documenting, and
dispositioning nonconforming items or items of indeterminate quality discovered during WCH personnel
performance of on-site work activities. This process applies to all WCH activities and personnel.
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The primary objective of this process is to prevent the unintended use or further use of products that fail
to pass required inspections. Four broad phases used to control a nonconforming item are: (1) identifying
and documenting nonconforming items, (2) segregation, (3) dispositioning and implementation of
disposition instructions, and (4) closing nonconformance reports.

D4.2 Validation and Verification Information

D4.2.1 Software Information

Title: Surfer 6

Manufacturer:

Function:

Operating System:

Calculations
Performed:

Version: 8.08, October 31, 2007

Golden Software, Inc., Golden, Colorado

Surface Mapping System

Microsoft Windows XP 2002 Professional, Version: 5.17

Calculates and outputs a contoured grid from regularly spaced
data values

D4.2.2 Validation and Verification

Validation is the process of confirming the appropriateness of using software for the purpose to which it
is being applied. Verification is the process of confirming the correctness of the output of the software.
To verify that the software used on this project produced correct results, input parameters and conditions
similar to those used in the project were generated.

To demonstrate proper contour calculation and placement, a regular grid of arbitrary numbers was created
and subsequently processed by the software. The numbers were posted on a map, and the contour
intervals were superimposed over the numbers. The contour placement then was examined. The analysis
indicated that the software performs correctly under conditions similar to those used on this project.
Attachment D3 presents the entire data file and a brief summary of the test and its outcome.

6 Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

7 Windows XP 2002 Professional is a trademark of Microsoft Corporation, Redmond, Washington.
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Attachment D1

Geophysical Grid Staking Survey Data Reports
Information is provided on the primary grid node staking that was used for location control.

D-19



SGW-48278, REV 0

D-20



SGW-48278, REV 0

218-E-12B (Western Portion) Geophysical Grid
Staking Survey Data Report
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Reqiest No.
SURVEY DATA REPORT 084-410

Title File No.
218-E- 12B Geop sical Grid Staking 21ziWA-061

Prepared By Date Rvi wer Page
23470 - 001 0-CA I0 N.P. Fastabend 8/21/08 1 of 10

DESCRIPTION OF WORK DISTRIBUTIO SDR P 1OT DWG

ieter grid at coorditnates provided over sest portioi of 218-F- -2B Survey File OR
Id. Set 3/8" x 1 1/2" x 48" Wood Iath with painted orange tops or B.A. AtkinsonI

tordinates. ( ~T. ~ erliii

Meters) I.W. Carmimann

1.11 Mitchell

SURVEY RESULTS AND COMMENTS

paint mark on asphla It road and marked with c

Horizontal Coordinate Systen: WCS83S/91
Equipment Used: Triable GPS 5800 RTK

See Attached Grid Sketch and Coordinate List

NOTE: L'his Savey was perforied Under the supervision of a Licensed Professional Land Sirsvesyir
registered in the State of Washington.

I-NW-a46 t09104)
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Pt. No. Eastino Northin2 Site

612 574180 137750 218-W-12B
613 574180 137720 218-W-12B
614 574180 137690 218-W-12B
615 574180 137660 218-W-12B
616 574180 137630 218-W-12B
617 574180 137600 218-V-123
618 574180 137570 218-W-12B
619 574180 137540 218-W-12B
620 574180 137510 218-W-12B
621 574180 137480 218-W-12B
622 574180 137450 218-W-12B
623 574180 137420 218-W-12B
624 574180 137390 218-W-12B
625 574180 137360 218-W-12B
626 574180 137330 218-W-12B
627 574180 137300 218-W-12B
628 574180 137270 218-W-12B
629 574180 137240 218-W-12B
630 574210 137210 218-W-12B
631 574210 137240 218-W-12B
632 574210 137270 218-W-12B
633 574210 137300 218-W-12B
634 574210 137330 218-W-12B

635 574210 137360 218-W-12B
636 574210 137390 218-W-12B
637 574210 137420 218-W-12B
638 574210 137450 218-W-12B
639 574210 137480 218-W-12B
640 574210 137510 218-W-12B
641 574210 137540 218-W-12B
642 574210 137570 218-W-12B
643 574210 137600 218-W-126
644 574210 137630 218-W-12B
645 574210 137660 218-W-12B
646 574210 137690 218-W-12B
647 574210 137720 218-W-12B
648 574210 137750 218-W-12B
649 574240 137750 218-W-12B
650 574240 137720 218-W-12B
651 574240 137690 218-W-12B
652 574240 137660 218-W-12B
653 574240 137630 218-W-12B
654 574240 137600 218-W-12B

655 574240 137570 218-WV-12B
656 574240 137540 218-W-12B
657 574240 137510 218-W-12B
658 574240 137480 218-W-12B
659 574240 137450 218-W-12B
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660 574240 137420 218-W-12B
661 574240 137390 218-W-12B
662 574240 137360 218-W-12B
663 574240 137330 218-W-12B
664 574240 137300 218-W-12B
665 574240 137270 218-W-12B
666 574240 137240 218-W-12B
667 574240 137210 218-W-12B
668 574270 137180 218-W-12B
669 574270 137210 218-W-12B
670 574270 137240 218-W-12B
671 574270 137270 218-W-12B
672 574270 137300 218-W-12B
673 574270 137330 218-W-12B
674 574270 137360 218-W-12B
675 574270 137390 218-W-12B
676 574270 137420 218-W-12B
677 574270 137450 218-W-12B
678 574270 137480 218-W-12B
679 574270 137510 218-W-128
680 574270 137540 218-W-12B
681 574270 137570 218-W-12B
682 574270 137600 218-W-12B
683 574270 137630 218-W-12B
684 574270 137660 218-W-12B
685 574270 137690 218-W-128
686 574270 137720 218-W-128
687 574270 137750 218-W-12B
688 574300 137750 218-W-12B
689 574300 137720 218-W-12B
690 574300 137690 218-WV-12B
691 574300 137660 218-W-12B
692 574300 137630 218-W-12B
693 574300 137600 218-W-12B
694 574300 137570 218-WV-12B
695 574300 137540 218-W-12B
696 574300 137510 218-W-12B
697 574300 137480 218-W-12B
698 574300 137450 218-W-12B
699 574300 137420 218-WV-12B
700 574300 137390 218-W-12B
701 574300 137360 218-W-12B
702 574300 137330 218-WV-12B

703 574300 137300 218-W-12B
704 574300 137270 218-WV-12B
705 574300 137240 218-W-12B
706 574300 137210 218-W-12B
707 574300 137180 218-W-12B
708 574330 137180 218-W-12B
709 574330 137210 218-WV-12B
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710 574330 137240 218-W-12B
711 574330 137270 218-W-12B
712 574330 137300 218-W-12B
713 574330 137330 218-W-12B
714 574330 137360 218-W-12B
715 574330 137390 218-W-12B
716 574330 137420 218-W-12B
717 574330 137450 218-W-12B
718 574330 137480 218-W-12B
719 574330 137510 218-W-12B
720 574330 137540 218-W-12B
721 574330 137570 218-W-12B
722 574330 137600 218-W-12B
723 574330 137630 218-W-12B
724 574330 137660 218-W-12B
725 574330 137690 218-W-12B
726 574330 137720 218-W-12B
727 574330 137750 218-W-12B
728 574360 137750 218-W-12B
729 574360 137720 218-W-12B
730 574360 137690 218-W-12B
731 574360 137660 218-W-12B
732 574360 137630 218-W-12B
733 574360 137600 218-W-12B
734 574360 137570 218-W-12B
735 574360 137540 218-W-12B
736 574360 137510 218-W-12B
737 574360 137480 218-W-12B

738 574360 137450 218-W-12B
739 574360 137420 218-W-12B
740 574360 137390 218-W-12B
741 574360 137360 218-W-12B
742 574360 137330 218-W-12B
743 574360 137300 218-W-12B
744 574360 137270 218-W-12B
745 574360 137240 218-W-12B
746 574360 137210 218-W-12B
747 574360 137180 218-W-12B
748 574360 137150 218-W-12B

749 574390 137150 218-W-12B
750 574390 137180 218-W-12B
751 574390 137210 218-W-12B
752 574390 137240 218-W-12B
753 574390 137270 218-W-12B
754 574390 137300 218-W-12B
755 574390 137330 218-W-12B
756 574390 137360 218-W-12B
757 574390 137390 218-W-12B
758 574390 137420 218-W-12B
759 574390 137450 218-W-12B
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760 574390 137480 218-W-12B
761 574390 137510 218-W-12B
762 574390 137540 218-W-12B
763 574390 137570 218-W-12B
764 574390 137600 218-VV-12B
765 574390 137630 218-W-12B
766 574390 137660 218-W-12B
767 574390 137690 218-W-12B

768 574390 137720 218-W-12B
769 574390 137750 218-W-12B
770 574420 137750 218-W-12B
771 574420 137720 218-W-12B
772 574420 137690 218-W-12B
773 574420 137660 218-W-12B
774 574420 137630 218-W-12B
775 574420 137600 218-W-12B
776 574420 137570 218-W-12B
777 574420 137540 218-W-12B
778 574420 137510 218-W-12B
779 574420 137480 218-W-12B
780 574420 137450 218-W-12B
781 574420 137420 218-W-12B
782 574420 137390 218-W-12B
783 574420 137360 218-W-12B
784 574420 137330 218-W-12B
785 574420 137300 218-W-128
786 574420 137270 218-W-12B
787 574420 137240 218-W-12B
788 574420 137210 218-W-12B
789 574420 137180 218-W-12B
790 574420 137150 218-W-12B
791 574450 137120 218-W-129
792 574450 137150 218-W-12B
793 574450 137180 218-W-12B
794 574450 137210 218-W-12B
795 574450 137240 218-W-12B
796 574450 137270 218-W-12B

797 574450 137300 218-W-12B
798 574450 137330 218-W-12B
799 574450 137360 218-W-12B
800 574450 137390 218-W-12B
801 574450 137420 218-VV-12B

802 574450 137450 218-W-12B
803 574450 137480 218-W-12B
804 574450 137510 218-W-12B
805 574450 137540 218-W-12B
806 574450 137570 218-W-12B
807 574450 137600 218-W-12B
808 574450 137630 218-W-12B
809 574450 137660 218-W-12B
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810 574450 137690 218-W-12B

811 574450 137720 218-W-12B
812 574450 137750 218-W-12B
813 574480 137750 218-W-12B
814 574480 137720 218-W-12B
815 574480 137690 218-W-12B
816 574480 137660 218-W-12B

817 574480 137630 218-W-12B
818 574480 137600 218-W-12B
819 574480 137570 218-W-12B

820 574480 137540 218-W-12B
821 574480 137510 218-W-12B
822 574480 137480 218-W-12B
823 574480 137450 218-W-12B
824 574480 137420 218-W-12B
825 574480 137390 218-W-12B
826 574480 137360 218-W-12B
827 574480 137330 218-W-12B
828 574480 137300 218-W-12B
829 574480 137270 218-W-12B
830 574480 137240 218-W-12B
831 574480 137210 218-W-12B
832 574480 137180 218-W-12B
833 574480 137150 218-W-12B
834 574480 137120 218-W-12B
835 574510 137120 218-W-12B
836 574510 137150 218-W-12B
837 574510 137180 218-W-12B
838 574510 137210 218-W-12B
839 574510 137240 216-W-12B

840 574510 137270 218-W-12B
841 574510 137300 218-W-12B
842 574510 137330 218-W-12B
843 574510 137360 218-W-12B
844 574510 137390 218-W-12B

845 574510 137420 218-W-12B
846 574510 137450 218-W-12B
847 574510 137480 218-W-12B
848 574510 137510 218-W-12B
849 574510 137540 218-W-12B
850 574510 137570 218-W-12B
851 574510 137600 218-W-12B
852 574510 137630 218-W-12B
853 574510 137660 218-W-12B
854 574510 137690 218-W-12B
855 574510 137720 218-W-12B
856 574510 137750 218-W-12B

857 574540 137750 218-W-12B
858 574540 137720 218-W-12B
859 574540 137690 218-W-12B
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860 574540 137660 218-W-12B
861 574540 137630 218-W-12B
862 574540 137600 218-W-12B
863 574540 137570 218-W-12B
864 574540 137540 218-W-12B
865 574540 137510 218-W-12B
866 574540 137480 218-W-12B
867 574540 137450 218-W-12B
868 574540 137420 218-W-12B
869 574540 137390 218-W-12B
870 574540 137360 218-W-12B

871 574540 137330 218-W-12B
872 574540 137300 218-W-12B
873 574540 137270 218-W-12B
874 574540 137240 218-W-12B

875 574540 137210 218-W-12B
876 574540 137180 218-W-12B
877 574540 137150 218-W-12B
878 574540 137120 218-W-12B
879 574540 137090 218-W-12B
880 574570 137090 218-W-12B
881 574570 137120 218-W-12B

882 574570 137150 218-W-12B
883 574570 137180 218-W-12B
884 574570 137210 218-W-12B
885 574570 137240 218-W-12B

886 574570 137270 218-W-12B
887 574570 137300 218-W-12B
888 574570 137330 218-W-12B
889 574570 137360 218-W-12B
890 574570 137390 218-W-12B
891 574570 137420 218-W-12B
892 574570 137450 218-W-12B

893 574570 137480 218-W-12B
894 574570 137510 218-W-12B
895 574570 137540 218-W-12B
896 574570 137570 218-W-12B
897 574570 137600 218-W-12B
898 574570 137630 218-W-12B
899 574570 137660 218-W-12B
900 574570 137690 218-W-12B
901 574570 137720 218-W-12B

902 574570 137750 218-W-12B

903 574600 137750 218-W-12B
904 574600 137720 218-W-12B
905 574600 137690 218-W-12B
906 574600 137660 218-W-12B
907 574600 137630 218-W-12B
908 574600 137600 218-W-12B
909 574600 137570 218-W-12B
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910 574600 137540 218-W-12B
911 574600 137510 218-VV-12B
912 574600 137480 218-W-12B
913 574600 137450 218-W-12B
914 574600 137420 218-W-12B
915 574600 137390 218-W-12B
916 574600 137360 218-W-12B
917 574600 137330 218-W-12B
918 574600 137300 218-W-12B
919 574600 137270 218-W-12B
920 574600 137240 218-W-12B
921 574600 137210 218-W-12B
922 574600 137180 218-W-12B
923 574600 137150 218-W-12B
924 574600 137120 218-W-12B
925 574600 137090 218-W-12B
926 574630 137060 218-W-12B
927 574630 137090 218-W-12B
928 574630 137120 218-WV-12B
929 574630 137150 218-WV-12B
930 574630 137180 218-W-12B
931 574630 137210 218-WV-12B
932 574630 137240 218-W-12B
933 574630 137270 218-WV-12B
934 574630 137300 218-W-12B
935 574630 137330 218-W-12B
936 574630 137360 218-W-12B
937 574630 137390 218-W-12B
938 574630 137420 218-W-12B
939 574630 137450 218-W-12B
940 574630 137480 218-WV-12B
941 574630 137510 218-W-12B
942 574630 137540 218-W-12B
943 574630 137570 218-W-12B
944 574630 137600 218-W-12B
945 574630 137630 218-W-12B
946 574630 137660 218-W-12B
947 574630 137690 218-W-12B
948 574630 137720 218-W-12B
949 574630 137750 218-WV-12B
950 574660 137750 218-W-12B
951 574660 137720 218-W-12B
952 574660 137690 218-W-12B

953 574660 137660 218-W-12B
954 574660 137630 218-W-12B
955 574660 137600 218-W-12B
956 574660 137570 218-W-12B
957 574660 137540 218-W-12B
958 574660 137510 218-W-12B
959 574660 137480 218-W-12B
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960 574660 137450 218-W-12B
961 574660 137420 218-W-12B
962 574660 137390 218-W-12B
963 574660 137360 Unable to Set 218-W-12B
964 574660 137330 Unable to Set 218-W-12B
965 574660 137300 Unable to Set 218-W-128
966 574660 137270 Unable to Set 218-W-12B
967 574660 137240 Unable to Set 218-W-12B
968 574660 137210 Unable to Set 218-W-12B
969 574660 137180 Unable to Set 218-W-12B
970 574660 137150 Unable to Set 218-W-12B
971 574660 137120 Unable to Set 218-W-12B
972 574660 137090 Unable to Set 218-W-128
973 574660 137060 218-W-12B
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218-W-4C Annex Geophysical Grid
Staking Survey Data Report
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SURVEY DATA REPORT
Request No.
(184-410

Project No ritle: TFiIe N.
218-W-4C Geophysical Grid Staking 2EWA-06I

Job No. Prepared By IDte Res Cr
MEIIINF123470 - 0010-CA10 N.P. Fastabend 7/25/08

DESCRIPTION OF WORK DISTR BUTh SD I pL0T

Staked 30 meter grid at coordinates provided over section of 21 8-W-4C Burial
Ground. Set 3/8" x I 1/2" x 48" Wood Lath with panted orange tops and
marked with coordinates.

Horizontal Coordinate System: WCS83S/91 (Moters)
Equipment Used Tritble GPS 5800 RIK

Stirvy File

BA. Atkinsoo

G.TL Berlin

I.W. Cammtuann

Til Mitchell

OR

Page

- of 4

DWG

SURVEY RESULTS AND COMMENTS

See Attached Grid Shetch and Coordinate List

NOIL: This Survey twas perfbrmued under the supervision of a Licensed Professional Land Surseyor
registered in the State of Washington.

F-NW-246 (09/04)
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Pt.No. Easting Northing Site

301 566340 135200 218-W-4C
302 566340 135170 218-W-4C
303 566340 135140 218-W-4C
304 566340 135110 218-W-4C
305 566340 135080 218-W-4C
306 566340 135050 218-W-4C
307 566340 135020 218-W-4C
308 566340 134990 218-W-4C
309 566340 134960 218-W-4C
310 566370 134960 218-W-4C
311 566370 134990 218-W-4C
312 566370 135020 218-W-4C
313 566370 135050 218-W-4C
314 566370 135080 218-W-4C
315 566370 135110 218-W-4C

316 566370 135140 218-W-4C
317 566370 135170 218-W-4C
318 566370 135200 218-WAC
319 566400 135200 218-W-4C
320 566400 135170 218-W-4C
321 566400 135140 215-W-4C
322 566400 135110 218-W-4C
323 566400 135080 218-W-4C
324 566400 135050 218-W-4C
325 566400 135020 218-W-4C
326 566400 134990 218-W-4C
327 566400 134960 218-W-4C

328 566430 134960 218-W-4C

329 566430 134990 218-W-4C
330 566430 135020 218-W-4C
331 566430 135050 218-W-4C
332 566430 135080 218-W-4C
333 566430 135110 218-W-4C

334 566430 135140 218-W-4C
335 566430 135170 218-W-4C
336 566430 135200 218-W-4C
337 566460 135200 218-W-4C
338 566460 135170 218-W-4C
339 566460 135140 218-W-4C
340 566460 135110 218-W-4C
341 566460 135080 218-W-4C
342 566460 135050 218-W-4C
343 566460 135020 218-W-4C
344 566460 134990 218-W-4C
345 566460 134960 218-W-4C
346 566490 134960 218-W-4C
347 566490 134990 218-W-4C
348 566490 135020 218-W-4C
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566490
566490
566490
566490
566490
566490
566520
566520
566520
566520
566520
566520
566520
566520
566520
566550
566550
566550
566550
566550
566550
566550
566550
566550
566580
566580
566580
566580
566580
566580
566580
566580
566580
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135050
135080
135110
135140
135170
135200
135200
135170
135140
135110
135080
135050
135020
134990
134960
134960
134990
135020
135050
135080
135110
135140
135170
135200
135200
135170
135140
135110
135080
135050
135020
134990
134960

21 8-W-4C
218-W-4C
218-W-4C
218-W-4C
218-W-4C
21 8-W-4C

218-W-4C
218-W-4C
21 8-W-4C
218-W-4C

218-W-4C
218-W-4C
218-W-4C
218-W-4C
218-W-4C

218-W-4C

218-W-4C

218-W-4C
218-W-4C
218-W-4C
218-W-4C

218-W-4C

218-W-4C
218-W-4C

218-W-4C
218-W-4C
218-W-4C
218-W-4C
218-W-4C

218-W-4C
218-W-4C
218-W-4C
218-W-4C
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ProjectNo.

Job No.
MEHINF]I23470 - 0018-CA10

SURVEY DATA REPORT

Tile:
218-W-6 Geophysical Grid Staking

Prepared By
N.JP.Fastabend

Date
8/15/08

DESCRIIION OF WORK

Staked 30 moter grid at coordinates provided over 218-W-6 BUrial Grotud.
Set 3/8" x I 1 2" x 48" Wood Lath with painted orange tops or paint mark on
asphalt road and marked with coorciiates.

llorizottta Coordioate Systettt: WCS83S,91 (Meters)
Pquipment Used: Trirble GPS 5800 RTK

Request No,
084-410

File No.
2EWA-061

Re er /

DISTRIUTI 5 ' SDR

SUne ile OR
B A. Atkinson I
G.T. Berlin I

L W. Camnno

PLOT

SU.RVIY RESULTS AND COMMENTS

See A ttached Grid Sketch and Coordinate List

NOPE Ihis Survey was pertormued under tle sUpervision of a Licensed Professional Land Survevor
registered in the State of Washingon

ti-N W-246 (09/04)
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Pt. No. Eastine Northine Site

1 566760 137650 218-W-6
2 566760 137620 Unable to Set 218-W-6
3 566760 137590 Unable to Set 218-VV-6
4 566790 137500 Unable to Set 218-VV-6
5 566790 137530 Unable to Set 218-W-6
6 566790 137560 Unable to Set 218-W-6
7 566790 137590 Unable to Set 218-W-6
8 566790 137620 218-W-6
9 566790 137650 218-W-6

10 566820 137650 218-W-6
11 566820 137620 218-W-6
12 566820 137590 218-W-6
13 566820 137560 218-W-6
14 566820 137530 218-W-6
15 566820 137500 218-W-6
16 566820 137470 Unable to Set 218-W-6
17 566850 137440 218-W-6
18 566850 137470 218-W-6
19 566850 137500 218-W-6
20 566850 137530 218-W-6
21 566850 137560 218-W-6
22 566850 137590 218-W-6
23 566850 137620 218-W-6
24 566850 137650 218-W-6
25 566880 137650 218-W-6
26 566880 137620 218-W-6
27 566880 137590 218-W-6
28 566880 137560 218-W-6
29 566880 137530 218-W-6
30 566880 137500 218-W-6
31 566880 137470 218-W-6
32 566880 137440 218-W-6
33 566880 137410 218-W-6
34 566910 137380 218-W-6
35 566910 137410 218-W-6
36 566910 137440 218-W-6
37 566910 137470 218-W-6

38 566910 137500 218-W-6
39 566910 137530 218-W-6

40 566910 137560 218-W-6
41 566910 137590 218-W-6

42 566910 137620 218-W-6
43 566910 137650 218-W-6
44 566940 137650 218-W-6
45 566940 137620 218-W-6
46 566940 137590 218-W-6
47 566940 137560 218-W-6
48 566940 137530 218-W-6
49 566940 137500 218-W-6
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566940
566940
566940
566940
566940
566970
566970
566970
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566970
566970
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567030
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567060
567060
567060

D-43

137470
137440
137410
137380
137350
137350
137380
137410
137440
137470
137500
137530
137560
137590
137620
137650
137650
137620
137590
137560
137530
137500
137470
137440
137410
137380
137350
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137290
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137380
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137500
137530
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137620
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137620
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137560
137530
137500
137470
137440
137410

218-W-6
218-W-6
218-W-6
21 8-W-6

218-W-6
218-W-6
21 8-W-6
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218-VV-6
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218-W-6
218-W-6
218-W-6
218-W-6
218-VV-6
218-W-6
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567060
567060
567060
567060
567090
567090
567090
567090
567090
567090
567090
567090
567090
567090
567090
567090
567090
567090
567120
567120
567120
567120
567120
567120
567120
567120
567120
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200 567270 137350 218-W-6
201 567270 137380 218-W-6
202 567270 137410 218-W-6
203 567270 137440 218-W-6
204 567270 137470 218-W-6
205 567270 137500 218-W-6
206 567270 137530 218-W-6
207 567270 137560 218-W-6
208 567270 137590 218-W-6
209 567270 137620 218-W-6
210 567270 137650 218-W-6
211 567300 137650 218-W-6
212 567300 137620 218-VV-6
213 567300 137590 218-W-6
214 567300 137560 218-W-6
215 567300 137530 218-W-6
216 567300 137500 218-W-6
217 567300 137470 218-W-6
218 567300 137440 218-W-6
219 567300 137410 218-W-6
220 567300 137380 218-W-6
221 567300 137350 218-W-6
222 567300 137320 218-W-6
223 567300 137290 218-W-6
224 567300 137260 218-W-6
225 567300 137230 218-W-6
226 567330 137260 218-W-6
227 567330 137290 218-W-6
228 567330 137320 218-W-6
229 567330 137350 218-W-6
230 567330 137380 218-W-6
231 567330 137410 218-W-6
232 567330 137440 218-W-6
233 567330 137470 218-W-6
234 567330 137500 218-W-6
235 567330 137530 218-W-6
236 567330 137560 218-W-6
237 567330 137590 218-W-6
238 567330 137620 218-W-6
239 567330 137650 218-W-6
240 567360 137650 218-W-6
241 567360 137620 218-W-6
242 567360 137590 218-W-6
243 567360 137560 218-W-6
244 567360 137530 218-W-6
245 567360 137500 218-W-6
246 567360 137470 218-W-6
247 567360 137440 218-W-6
248 567360 137410 218-W-6
249 567360 137380 218-W-6
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Terms

DGPS differential global positioning system

EM electromagnetic

EMI electromagnetic induction

GPR ground penetrating radar

GPS global positioning system

PC personal computer

WCH Washington Closure Hanford

WIDS Waste Information Data System
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D2-1 Site Investigation Details, Data Plots, and Overlays

Information is provided on the ground-penetrating radar (GPR), electromagnetic induction (EMI), and
magnetic data collected, along with details of the investigation, for each "burial ground" discussed in this
document. This attachment also presents an overlay of the geophysical results with mapped surface
features for each site investigation.

D2-2 218-E-10 Annex Geophysical Investigation Summary and Data Plots

Geophysical Investigation Summary Sheet
Site Name 218-E-10 Annex

Location 200 East Area

Approximate Size 210 m (689 ft) x 615 m (2,017 ft) (about 14 ha [35 ac])

Burial Ground No documented use
Information

Terrain Generally flat

Vegetation/Ground Bunch grass, Russian thistle, other grasses and weeds
Cover

Hydrological Surface dry at time of data collection
Properties

Limitations/ None
Obstacles

Overall Assessment EMI, magnetic methods, and GPR effective at meeting project objectives
for Geophysical

Investigation

Equipment

GPR SIR-IOA 1 GPR system with 200 MHz antenna

EMI Frequency domain EMI: Geonics EM312 Ground Conductivity Meter and data logger.
Trimble DGPS for navigation and positioning.

Total Magnetic G-858/G Cesium Vapor Magnetometer/Gradiometer 3

Field

Data Collection and Processing Parameters

1 SIR-1 OA (GPR system) is a registered trademark of Geophysical Survey Systems, Inc., North Salem, New
Hampshire.

2 Geonics EM31 is a trademark of Geonics Limited, Mississauga, Ontario, Canada.

3 G-858/G Cesium Vapor Magnetometer/Gradiometer is a trademark of Geometrics, Inc., San Jose, California.
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Geophysical Investigation Summary Sheet
Grid Location Fluor personnel staked grid nodes at 30 m (98 ft) centers using a Trimble GPS 5800 RTK 4

Control and Data system and coordinates supplied by WCH, based on WIDS documentation. The 30 m (98
Collection Lines ft) node base grid was 270 m (886 ft) north-south, 660 m (2,165 ft) east-west; data

collection lines were flagged at 6 m (19 ft) intervals in the east-west direction along grid
nodes.

SIR-10A Data were collected at specific sites with the antenna pulled by hand. Marks were placed in
the data as the instrument passed position marks tied to the base grid nodes, painted on the
ground at 2 m (6 ft) intervals. Data were stacked (two signals), recording window 108 ns,
gains and filters set in field to match soil conditions. Hard copy plots of data were printed
in the office on a thermal printer for interpretation.

EM31 Data were collected at hip height in the vertical dipole mode with samples recorded every
0.5 seconds (nominal 0.5 m [1.6 ft] data spacing along line). Data were collected on 6 m
(19 ft) line spacing in both the north-south and east-west directions.

For the east-west profiles, DGPS was used for navigation and positioning. Data were
downloaded from the field PC and written to a .xyz data file. The data was then reviewed

using standard spreadsheets such as Excel 5.

For north-south lines, data positioning relied on survey marks/pin flags. Data were
downloaded from the data logger to a PC using DAT3 1.exe and then converted to
DAT3 1W 6 format. Corrections of position errors during data collection (if any) were made.

Data were gridded and plotted using Surfer 7 . Grid cell size for data plots is nominally 6 m
(19 ft) (cross line) x 2 m (6 ft) (down line) and the nearest neighbor algorithm was used for
contouring.

G-858/G Data were collected with sensors 0.5 and 1.25 m (1.6 and 4 ft) above the ground in
continuous sampling mode with samples recorded every 0.3 seconds (nominal 0.3 m [1 ft]
data spacing), and fiducial positioning marks placed every 30 m (98 ft), on lines spaced 3 m
(10 ft) apart. Data were collected in north-south direction with the sensors oriented
east-west at a 45-degree angle to the horizon. Data were downloaded from the field
instrument, filtered for spikes and dropouts (if any), corrected for position errors (if any),
and written to a .xyz file using MagMapper2000.exe 8 . Data were gridded and plotted using
Surfer. Grid cell size for the data plots is nominally 3 m (10 ft) (cross line) x 1 m (3 ft)
(down line) and the nearest neighbor algorithm was used for contouring. Profile spacing,
contour thresholds, and intervals were aggressively chosen in order to maximize the ability
to detect anomalies that could be attributed to drum size or even smaller objects.

Equipment
Functional Check

Location

4 GPS 5800 RTK is a trademark of Trimble Navigation Limited, Sunnyvale, California.

5 Excel is a trademark of Microsoft Corporation, Redmond, Washington.

6 DAT31.exe and DAT31W are trademarks of Geonics Limited, Mississauga, Ontario, Canada.

7 Surfer is a trademark of Golden Software, Inc., Golden, Colorado.

8 MagMapper2000.exe is a trademark of Geometrics, Inc., San Jose, California.
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Geophysical Investigation Summary Sheet
Results

Data Discussion/
Interpretation

Refer to data plots D2-1 through D2-1 1 and Table D2-1 during the following discussion:

To illustrate the predominately quiet and anomaly-free nature of the survey area, the
anomalies that dominate most of the magnetic field/vertical gradient data are associated
with T-posts and metal survey pin flags or can be correlated with visible surface features
such as well casings. T-posts support a small chain surrounding the 218-E-10 Annex and
the pin flags were placed at 6 m (19 ft) intervals along N 137540, N 137600, N 137660, and
N 137720. Numerous small, discrete magnetic anomalies are also scattered throughout the
data, but most of these appear to be associated with basalt cobbles/boulders observed on the
surface and occasionally to miscellaneous small pieces of metal scattered throughout the
survey area.

The EMI apparent ground conductivity and in-phase data also indicate an overall quiet
background for the entire site.

The notable exception to the otherwise benign character of the site is an anomalous area
that might represent significant buried debris, centered at about N137700 and E572990.
GPR data were collected around this area for further characterization. The GPR data
indicate this area likely contains shallow, scattered debris buried from 0.3 to 1.0 m (1 to 3
ft) below the surface over an area 10 to 20 m (33 to 66 ft) across.

Lessons Learned Given the objective of characterizing the site with the intent not to miss a pickup size area
of debris or a minimum target size equal to a 55-gallon drum, the profile spacing for the
magnetic field data is appropriate. It might be argued that EMI data collected only in one
direction, still spaced at 6 m (19 ft) intervals, would be adequate. However, having EM data
collected in two directions greatly improves the possibility of detecting an unknown liquid
or non-ferrous material filled trench, if they were present.

Table D2-1. Summary of Results from 218-E-10 Annex

Target ID Easting Northing Target Description

E10-A 572681.17 137576.19 Single low-amplitude magnetic target

E10-B 572786.72 137543.58 Multiple low-amplitude magnetic targets

E10-C 573037.54 137687.07 Single low-amplitude magnetic target

E1O-D 573172.73 137678.18 Single low-amplitude magnetic target

E10-E 573148.42 137532.31 Single low-amplitude magnetic target

E10-F 573149.01 137524.01 Single low-amplitude magnetic target

E10-G 572990.00 137700.00 Area magnetic and EM target

Note: Target IDs are posted on the Geophysical Interpretation Map Coordinates in Washington State Plane Meters/NAD83
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Figure D2-8. Electromagnetic Induction (EM31) In-Phase Data, North-South Profiles,
218-E-10 Annex, 200 East Area, September 2008
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D2-3 218-E-12B (Western Portion) Geophysical Investigation Summary and Data Plots

Geophysical Investigation Summary Sheet

Site Name 218-E-12B (Western Portion)

Location 200 East Area

Approximate Size Trapezoid with an angled southern base, measuring roughly 460 m (1,509 ft) across
by 650 m (2,132 ft) north-south (about 24 ha [60 ac])

Burial Ground Information No documented use

Terrain Generally flat

Vegetation/Ground Cover Bunch grass, Russian thistle, other grasses and weeds

Hydrological Properties Surface dry at time of data collection

Limitations/Obstacles None

Overall Assessment for EMI and magnetic methods effective at meeting project objectives
Geophysical Investigation

Equipment

EMI Frequency domain EMI: Geonics EM31 Ground Conductivity Meter with a data

logger. Trimble DGPS for navigation and positioning.

Total Magnetic Field G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters

Grid Location Control and Fluor personnel staked grid nodes at 30 m (98 ft) centers using a Trimble GPS
Data Collection Lines 5800 RTK system and coordinates supplied by WCH, based on WIDS

documentation. The 30 m (98 ft) node base grid was 690 m (2,263 ft) north-south,
480 m (1,574 ft) east-west data collection lines were flagged at 6 m (19 ft) intervals
in the east-west and north-south direction along grid nodes.

EM31 Data were collected at hip height in the vertical dipole mode with samples recorded
every 0.5 seconds (nominal 0.5 m [1.6 ft] data spacing along line). Data were
collected on 6 m (19 ft) line spacing in both the north-south and east-west
directions.

For both the east-west and north-south lines, data were downloaded from the data
logger to a PC using DAT3 1.exe. and converted to DAT3 1W format. The data
were then reviewed using standard spreadsheets such as Excel, and corrections of
position errors during data collection (if any) were made.

Data were gridded and plotted using Surfer. Grid cell size for data plots is
nominally 6 m (19 ft) (cross line) x 2 m (6 ft) (down line) and the nearest neighbor
algorithm was used for contouring.
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Geophysical Investigation Summary Sheet

G-858/G Data were collected with sensors 0.5 and 1.25 m (1.6 and 4 ft) above the ground in
continuous sampling mode with samples recorded every 0.3 seconds (nominal
0.3 m [1 ft] data spacing), and fiducial positioning marks placed every 30 m (98 ft),
on lines spaced 3 m (10 ft) apart. Data were collected in north-south direction with
the sensors oriented east-west at a 45-degree angle to the horizon. Data were
downloaded from the field instrument, filtered for spikes and dropouts (if any),
corrected for position errors (if any), and written to a .xyz file using Geometrics,
Inc., MagMapper2000.exe. Data were gridded and plotted using Surfer. Grid cell
size for the data plots is nominally 3 m (10 ft) (cross line) x 1 m (3 ft) (down line)
and the nearest neighbor algorithm was used for contouring. Profile spacing,
contour thresholds and intervals were aggressively chosen in order to maximize the
ability to detect anomalies that could be attributed to drum size or even smaller
objects.

Equipment Functional
Check Location

Results

Data Discussion/ Refer to data plots D2-12 through D2-21 and Table D2-2 during the following
Interpretation discussion:

To illustrate the predominately quiet and anomaly-free nature of the survey area,
the anomalies that dominate most of the magnetic field/vertical gradient data are
associated with T-posts and metal survey pin flags or can be correlated with visible
surface features. T-posts support a small chain surrounding the 218-E-12BB
(Western Portion) and the pin flags were placed at 6 m (19 ft) intervals along
N137120, N137180, N137240, N137300, N137360, N137420, N137480, N137540,
N 137600, N 137660, N 137720, and also along north-south node lines spaced
typically 60 m (197 ft) apart. Numerous small, discrete magnetic anomalies are also
scattered throughout the data, but most of these appear to be associated with basalt
cobbles/boulders observed on the surface and occasionally to miscellaneous small
pieces of metal scattered throughout the survey area.

The EMI apparent ground conductivity and in-phase data also indicate an overall
quiet background for the entire site.

No buried drum or trench-like features were observed in the data.

Lessons Learned Given the objective of characterizing the site with the intent not to miss a pickup
size area of debris or a minimum target size equal to a 55-gallon drum, the profile
spacing for the magnetic field data is appropriate. It might be argued that EMI data
collected only in one direction, still spaced at 6 m (19 ft) intervals, would be
adequate. But, having EM data collected in two directions greatly improves the
possibility of detecting an unknown liquid or non-ferrous material filled trench, if
they were present.
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Table D2-2. Summary of Results from 218-E-12B (Western Portion)

Target ID Easting Northing Target Description

E12-A 574263.7 137277.6 Multiple low amplitude magnetic targets

E12-B 574275.7 137275.6 Multiple low-amplitude magnetic targets

E12-C 574251.8 137472.1 Single low-amplitude magnetic target

E12-D 574332.6 137669.6 Single low-amplitude magnetic target

E12-E 574464.2 137655.6 Single low-amplitude magnetic target

E12-F 574557 137642.7 Single low-amplitude magnetic target

E12-G 574549 137525 Single low-amplitude magnetic target

E12-H 574364.5 137353.4 Single low-amplitude magnetic target

Note: Target IDs are posted on the Geophysical Interpretation Map Coordinates in Washington State Plane Meters/NAD83.
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Figure D2-12. Geophysical Interpretation Map, 218-E-12B (Western Portion),
200 East Area, September 2008
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Figure D2-14. Residual Magnetic Field (G-858/G) Data, 218-E-12B (Western Portion),
200 East Area, September 2008
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Figure D2-15. Vertical Magnetic Gradient (G-858/G) Data, 218-E-12B (Western Portion),
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Figure D2-16. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data,
North-South Profiles, 218-E-12B (Western Portion), 200 West Area, September 2008
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Figure D2-17. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data,
East-West Profiles, 218-E-12B (Western Portion), 200 East Area, September 2008

D-79

§ Irv

137120-



SGW-48278, REV 0

137750-

137720-

137690-

137660-

137630-

137600-

137570-

137540-

137510-

137480-

137450-

E
137420-

o 137390-
z

137360-

137330-

137300-

137270-

137240-

137210-

137180-

137150-

137120-

LEGEND

Fence

EN N N (m 0tt
N N N NO NO NO N N N N N

LO) LO) LO) LO) LO) LO) LO) LO) LO) LO LO LO LO LO LO LO

Easting (meters)

[1 Electromagnetic Induction (EM31)
In-Phase Response East - West Profiles

METERS Contour Interval : 0.5 ppt 218-E_12B (Western Portion)
0 30 60 90 200 East Area

Washington State Plane South
NAD83 September 2008

Figure D2-18. Electromagnetic Induction (EM31) In-Phase Data, North-South Profiles,
218-E-12B (Western Portion), 200 East Area, September 2008
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Figure D2-19. Electromagnetic Induction (EM31) In-Phase Data, East-West Profiles,
218-E-12B (Western Portion), 200 East Area, September 2008
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Figure D2-20. Overlay: Vertical Magnetic Gradient Data and Surface Features,
218-E-12B (Western Portion), 200 East Area, September 2008
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Figure D2-21. Overlay: Electromagnetic Induction In-Phase Data and Surface Features,
218-E-12B (Western Portion), 200 East Area, September 2008
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D2-4 218-W-4C Annex Geophysical Investigation Summary and Data Plots

Geophysical Investigation Summary Sheet

Site Name 218-W-4C Annex

Location 200 West Area

Approximate Size 230 m (754 ft) x 210 m (689 ft) (about 4 ha [10 ac])

Burial Ground No documented use
Information

Terrain Generally flat

Vegetation/Ground Bunch grass, Russian thistle, and other grasses and weeds in the eastern third and
Cover older growth sagebrush in the western portion of the site.

Hydrological Properties Surface dry at time of data collection

Limitations/Obstacles None

Overall Assessment for EMI, magnetic methods, and GPR effective at meeting project objectives
Geophysical Investigation

Equipment

GPR SIR-IOA GPR system with 200 MHz antenna

EMI Frequency domain EMI: Geonics EM31 Ground Conductivity Meter with a data

logger. Trimble DGPS for navigation and positioning.

Total Magnetic Field G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters

Grid Location Control Fluor personnel staked grid nodes at 30 m (98 ft) centers using a Trimble GPS 5800
and Data Collection Lines RTK system and coordinates supplied by WCH, based on WIDS documentation.

The 30 m (98 ft) node base grid was 240 m (787 ft) north-south, 240 m (787 ft)
east-west; data collection lines were flagged at 6 m (19 ft) intervals in the east-west
direction along the eastern grid nodes (out of the older growth sage).

SIR-10A Data were collected at a specific site with the antenna pulled by hand. Marks were
placed in the data as the instrument passed position marks tied to the base grid nodes,
painted on the ground at 1 m (3 ft) intervals. Data were stacked (two signals),
recording window 108 ns, gains and filters set in field to match soil conditions. Hard
copy plots of data were printed in the office on a thermal printer for interpretation.

EM31 Data were collected at hip height in the vertical dipole mode with samples recorded
every 0.5 seconds (nominal 0.5 m [1.6 ft] data spacing along line). Data were
collected on 6 m (19 ft) line spacing in both the north-south and east-west directions.

DGPS was used for navigation and positioning for both the north-south and east-west
profiles. Data were downloaded from the field PC and written to a .xyz data file.
The data were then reviewed using standard spreadsheets such as Excel.

Data were gridded and plotted using Surfer. Grid cell size for data plots is nominally
6 m (19 ft) (cross line) x 2 m (6 ft) (down line) and the nearest neighbor algorithm
was used for contouring.
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Geophysical Investigation Summary Sheet

G-858/G Data were collected with sensors 0.5 and 1.25 m (1.6 and 4 ft) above the ground in
continuous sampling mode with samples recorded every 0.3 seconds (nominal 0.3 m
[1 ft] data spacing), and fiducial positioning marks placed every 30 m (98 ft), on lines
spaced 3 m (10 ft) apart. DGPS was used for navigation and positioning in the older
growth sage brush areas. All data were collected in the north-south direction with the
sensors oriented east-west at a 45-degree angle to the horizon. Data were downloaded
from the field instrument, filtered for spikes and dropouts (if any), corrected for
position errors (if any), and written to a .xyz file using MagMapper2000.exe.

Data were gridded and plotted using Surfer. Grid cell size for the data plots is
nominally 3 m (10 ft) (cross line) x 1 m (3 ft) (down line) and the nearest neighbor
algorithm was used for contouring. Profile spacing, contour thresholds, and intervals
were aggressively chosen in order to maximize the ability to detect anomalies that
could be attributed to drum size or even smaller objects.

Equipment Functional
Check Location

Results

Data Discussion/ Refer to data plots D2-22 through D2-32 and Table D2-3 during the following
Interpretation discussion.

To illustrate the predominately quiet and anomaly-free nature of the survey area, the
anomalies that dominate most of the magnetic field/vertical gradient data are
associated with T-posts and metal survey pin flags or can be correlated with visible
surface features such as air monitors or miscellaneous metal debris. T-posts support a
small chain surrounding the 218-W-4C Annex and are visible in the data. Pin flags
were placed at 6 m (19 ft) intervals along N135050, N135110, N135170, and
N135200, only in the eastern 60 m (197 ft) of the survey area. These pin flags are also
visible in the data. Several small, discrete magnetic anomalies are scattered
throughout the data, but most correlate with visible surface features/debris.

The EMI apparent ground conductivity and in-phase data also indicate an overall
quiet background for the entire site.

The notable exception to the otherwise benign character of the site is an anomalous
area, observed in both the magnetic and EM data, centered at about N135140 and
E566480. GPR data were collected around this area for further characterization.
The GPR data indicate this area contains a few shallow, scattered pieces of debris,
buried from 0.3 to 1.0 m (I to 3 ft) below the surface, confined laterally within a
few meters.

No buried drum or trench-like features were observed in the data.

Lessons Learned Given the objective of characterizing the site with the intent not to miss a pickup size
area of debris or a minimum target size equal to a 55-gallon drum, the profile spacing
for the magnetic field data is appropriate. It might be argued that EMI data collected
only in one direction, still spaced at 6 m (19 ft) intervals, would be adequate.
However, having EM data collected in two directions greatly improves the possibility
of detecting an unknown liquid or non-ferrous material filled trench, if they were
present.
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Table D2-3. Summary of Results from 218-W-4C Annex

Target ID Easting Northing Target Description

W4C-A 566412.4 135174.5 Single low-amplitude magnetic target

W4C-B 566476.7 135138.6 Multiple high-amplitude magnetic target

W4C-C 566479.1 135139.3 Single high-amplitude EM target

Note: Target IDs are posted on the Geophysical Interpretation Map Coordinates in Washington State Plane Meters/NAD83

D-86



SGW-48278, REV 0

135200 1

135170

135140

135110

135080

135050-

135020-

134990-

134960

* W4-A

SW4-CW4-B40/

Ho

C

CD
CD

C
C

CD
CD

C

CD
CD

C
CD

CD
CD

METERS

0 20 40
Washington State Plane South

NAD83

Easting (meters)

LEGEND

* Point Anomaly - Magnetic Data

* Point Anomaly - Electromagnetic Data

Geophysical Interpretation Map
218-W-4C Annex

200 West Area
September 2008

Figure D2-22. Geophysical Interpretation Map, 218-W-4C Annex,
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Figure D2-25. Residual Magnetic Field (G-858/G) Data, 218-W-4C Annex,
200 West Area, September 2008
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Figure D2-26. Vertical Magnetic Gradient (G-858/G) Data, 218-W-4C Annex,
200 West Area, September 2008
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Figure D2-27. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data,
North-South Profiles, 218-W-4C Annex, 200 West Area, September 2008
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Figure D2-28. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data,
East-West Profiles, 218-W-4C Annex, 200 West Area, September 2008
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Figure D2-29. Electromagnetic Induction (EM31) In-Phase Data, North-South Profiles,
218-W-4C Annex, 200 West Area, September 2008
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Figure D2-30. Electromagnetic Induction (EM31) In-Phase Data, East-West Profiles,
218-W-4C Annex, 200 West Area, September 2008
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Figure D2-31. Overlay: Vertical Magnetic Gradient Data and Surface Features,
218-W-4C Annex, 200 West Area, September 2008
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Figure D2-32. Overlay: Electromagnetic Induction In-Phase Data and Surface Features,
218-W-4C Annex, 200 West Area, September 2008
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D2-5 218-W-6 Geophysical Investigation Summary and Data Plots

Geophysical Investigation Summary Sheet
Site Name 218-W-6

Location 200 West Area

Approximate Size Triangular shaped site, measuring roughly 740 m (2,428 ft) across by 430 m
(1,410 ft) north-south (about 20 ha [50 ac]), coming to a point at the center of the
southern edge

Burial Ground Information No documented use

Terrain Generally flat with "windrows" of vegetation debris from some minor surface work

Vegetation/Ground Cover Bunch grass, Russian thistle, other grasses and weeds

Hydrological Properties Surface dry at time of data collection

Limitations/Obstacles A drill pad, including a drill rig, drill pipe, and drum storage in the center of the
site. A power line corridor runs roughly north-south through the center of the site.

Overall Assessment for EMI and magnetic methods effective at meeting project objectives
Geophysical Investigation

Equipment

EMI Frequency domain EMI: Geonics EM31 Ground Conductivity Meter with a data

logger. Trimble DGPS for navigation and positioning.

Total Magnetic Field G-858/G Cesium Vapor Magnetometer/Gradiometer

Data Collection and Processing Parameters

Grid Location Control and Fluor personnel staked grid nodes at 30 m (98 ft) centers using a Trimble GPS
Data Collection Lines 5800 RTK system and coordinates supplied by WCH, based on WIDS

documentation. The 30 m (98 ft) node base grid was 450 m (1,476 ft) north-south,
810 m (2,657 ft) east-west; data collection lines were flagged at 6 m (19 ft)
intervals in the east-west direction along grid nodes.

EM31 Data were collected at hip height in the vertical dipole mode with samples recorded
every 0.5 seconds (nominal 0.5 m [1.6 ft] data spacing along line). Data were
collected on 6 m (19 ft) line spacing in both the north-south and east-west
directions.

For the east-west profiles, DGPS was used for navigation and positioning. Data
were downloaded from the field PC and written to a .xyz data file. The data were
then reviewed using standard spreadsheets such as Excel.

For north-south lines, data positioning relied on survey marks/pin flags. Data were
downloaded from the data logger to a PC using DAT3 1.exe. and then converted to
DAT3 1W format. Corrections of position errors during data collection (if any)
were made.

Data were gridded and plotted using Surfer. Grid cell size for data plots is
nominally 6 m (19 ft) (cross line) x 2 m (6 ft) (down line) and the nearest neighbor
algorithm was used for contouring.
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Geophysical Investigation Summary Sheet
G-858/G Data were collected with sensors 0.5 and 1.25 m (1.6 and 4 ft) above the ground in

continuous sampling mode with samples recorded every 0.3 seconds (nominal
0.3 m [1 ft] data spacing), and fiducial positioning marks placed every 30 m (98 ft),
on lines spaced 3 m (10 ft) apart. Data were collected in north-south direction with
the sensors oriented east-west at a 45-degree angle to the horizon. Data were
downloaded from the field instrument, filtered for spikes and dropouts (if any),
corrected for position errors (if any), and written to a .xyz file using
MagMapper2000.exe. Data were gridded and plotted using Surfer. Grid cell size
for the data plots is nominally 3 m (10 ft) (cross line) x 1 m (3 ft) (down line) and
the nearest neighbor algorithm was used for contouring. Profile spacing, contour
thresholds and intervals were aggressively chosen in order to maximize the ability
to detect anomalies that could be attributed to drum size or even smaller objects.

Equipment Functional
Check Location

Results

Data Discussion/ Refer to data plots D2-33 through D2-42 and Table D2-4 during the following
Interpretation discussion.

To illustrate the predominately quiet and anomaly-free nature of the survey area,
the anomalies that dominate most of the magnetic field/vertical gradient data are
associated with T-posts and metal survey pin flags or can be correlated with visible
surface features. T-posts support a small chain surrounding 218-W-6 and the pin
flags were placed at 6 m (19 ft) intervals along N137260, N137320, N137380,
N 137440, N 137500, N 137560, and N 137620. Numerous small, discrete magnetic
anomalies are also scattered throughout the data, but many of these appear to be
associated with basalt cobbles/boulders observed on the surface and to
miscellaneous small pieces of metal, wire rope, etc. scattered throughout the survey
area. The "anomalous" signature along the southwestern edge of the survey area is
from a railroad track and the large anomaly, centered at about N137510 and
E567195 is the drill pad/rig location.

The EMI apparent ground conductivity and in-phase data also indicate an overall
quiet background for the entire site.

The southern portion of the survey area appears to have the highest amount of
surface/near surface metallic debris.

No buried drum or trench-like features were observed in the data.

Lessons Learned Given the objective of characterizing the site with the intent not to miss a pickup
size area of debris or a minimum target size equal to a 55-gallon drum, the profile
spacing for the magnetic field data is appropriate. It might be argued that EMI data
collected only in one direction, still spaced at 6 m (19 ft) intervals, would be
adequate. But, having EM data collected in two directions greatly improves the
possibility of detecting an unknown liquid or non-ferrous material filled trench, if
they were present.
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Table D2-4. Summary of Results from 218-W-6

Target ID Easting Northing Target Description

W6-A 566982.4 137564.7 Multiple low-amplitude magnetic targets

W6-B 567122.7 137450.5 Single low-amplitude magnetic target

W6-C 567135.7 137442.1 Single low-amplitude magnetic target

W6-D 567182.5 137441.3 Single low-amplitude magnetic target

W6-E 567198.6 137442.1 Single low-amplitude magnetic target

W6-F 567220.8 137435.9 Single low-amplitude magnetic target

W6-G 567161 137325.5 Single low-amplitude magnetic target

W6-H 567072.1 137363.9 Single low-amplitude magnetic target

W6-1 567215.4 137261.2 Single low-amplitude magnetic target

Note: Target IDs are posted on the Geophysical Interpretation Map Coordinates in Washington State Plane Meters/NAD83
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Figure D2-33. Geophysical Interpretation Map, 218-W-6, 200 West Area, September 2008
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Figure D2-35. Residual Magnetic Field (G-858/G) Data, 218-W-6, 200 West Area, September 2008
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Figure D2-36. Vertical Magnetic Gradient (G-858/G) Data, 218-W-6, 200 West Area, September 2008
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Figure D2-37. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data,
North-South Profiles, 218-W-6, 200 West Area, September 2008
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Figure D2-38. Electromagnetic Induction (EM31) Apparent Ground Conductivity Data,
East-West Profiles, 218-W-6, 200 West Area, September 2008
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Figure D2-39. Electromagnetic Induction (EM31) In-Phase Data, North-South Profiles,
218-W-6, 200 West Area, September 2008
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Figure D2-40. Electromagnetic Induction (EM31) In-Phase Data, East-West Profiles,
218-W-6, 200 West Area, September 2008
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D3 Software Verification and Validation Data File

To demonstrate proper contour calculation and placement (i.e., software verification), a regular grid of
arbitrary numbers was created and processed by the software. Figure D3-1 shows the numbers plotted in
their respective locations. These data then were gridded using the nearest neighbor method (as used in the
investigation). Contours were calculated by the software and superimposed over the grid of numbers.
Inspection of Figure D3-1 shows that the contours were correctly placed, based on the numbers shown in
the grid.
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1 Introduction

Low-Level Waste Management Area 1 (LLWMA-1) consists of the 218-E-10 Burial Ground, which
contains 19 unlined trenches, and is located in the northwestern corner of the 200 East Area (Figure 1-1).
The LLWMA-1 was used for disposal of low-level radioactive wastes and low-level mixed wastes
beginning in 1955. The dangerous waste and dangerous waste constituents in the low-level mixed waste
portions of LLWMA-1 are regulated under Washington Administrative Code (WAC) 173-303,
"Dangerous Waste Regulations." The LLWMA-1 was placed in assessment monitoring in 1989 because
of elevated specific conductance (a Resource Conservation and Recovery Act of 1976 [RCRA] indicator
parameter) in one well. The LLWMA- 1 was subsequently shown not to be the source for the elevated
specific conductance and indicator evaluation monitoring resumed in 1994; indicator evaluation
monitoring has continued at LLWMA- 1 since that time. The objectives for continued indicator evaluation
monitoring at LLWMA-1, as required by WAC 173-303-400(3), "Dangerous Waste Regulations,"
"Interim Status Facility Standards," and defined by 40 Code ofFederal Regulations (CFR) 265.92(d),
"Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
Disposal Facilities," "Sampling and Analysis," are to determine the following:

" Concentrations of specified groundwater quality parameters (annually).
" Concentrations of groundwater contamination indicator parameters (semi-annually).
" Elevation of the water table.

The scope of this plan is to obtain the necessary groundwater data to satisfy these objectives.

This document replaces the previous groundwater monitoring plan (PNNL- 14859, Interim Status
Groundwater Monitoring Plan for Low-Level Waste Management Areas 1 to 4, RCRA Facilities,
Hanford, Washington) and includes several activities that have occurred at LLWMA- 1 since that plan was
written. Chapter 2 of this plan summarizes background information, with reference to other documents for
more detailed information. Chapter 2 also describes LLWMA- 1 and the types of waste present, provides
a brief history of groundwater monitoring, and describes geology and hydrology pertinent to LLWMA-1.
This information is summarized as a site conceptual model to aid in development of the groundwater
monitoring program.

Chapter 3 describes the RCRA groundwater monitoring program, including the wells in the monitoring
network, constituents analyzed, sampling frequency, and sampling protocols. Chapter 4 describes data
evaluation and reporting, and Chapter 5 contains references. The quality assurance project plan (QAPjP)
is provided in Appendix A.
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2 Background

This section presents the LLWMA-1 facility and its operating history, the waste and waste characteristics

associated with the site, the local geology and hydrology, a summary of previous monitoring of the

groundwater and vadose zone contamination, and the conceptual model for groundwater flow and

contaminant migration. The discussions in this section are summarized from earlier characterization

activities reported in the documents listed below:

* DOE/RL-2004-60, 200-SW-1 Nonradioactive Landfills Group and 200-SW-2 Radioactive Landfills

Group Operable Units Remedial Investigation/Feasibility Study Work Plan.

* I NF-5 507, Subsurface Conditions Description of the B-BX-BY Waste Management Area.

* PNL-6820, Hydrogeology of the 200 Areas Low-Level Burial Grounds - An Interim Report.

" PNNL- 11800, Composite Analysis for Low-Level Waste Disposal in the 200 Area Plateau of the

Hanford Site.

" PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-East Area and

Vicinity, Hanford Site, Washington.

* PNNL-14859, Interim Status Groundwater Monitoring Plan for Low-Level Waste Management

Areas 1 to 4, RCRA Facilities, Hanford Washington.

" WHC-MR-0204, 200E & 200 WAreas Low Level Burial Grounds Borehole Summary Report.

" WIIC-MR-0205, Borehole Completion Data Package for the Low-Level Burial Grounds - 1990

* WHC-SD-EN-AP-0 15, Revised Groundwater Monitoring Plan for the 200 Areas Low-Level

Burial Grounds.

" WHC-SD-EN-AP-02 1, Interim-Status Groundwater Quality Assessment Plan for Waste Management

Area 1 of the 200 Areas Low-Level Burial Grounds.

* WHC-SD-EN-DP-044, 1991 Borehole Completion Data Package for the Low-Level Burial Grounds.

* WHC-SD-EN-DP-049, 1992 Borehole Completion Data Package for the Low-Level Burial Grounds.

* WHC-SD-EN-DP-086, 1993 Borehole Completion Data Package for the Low-Level Burial Grounds.

* WHC-SD-EN-EV-025, Result ofthe Groundwater Quality Assessment Program at Low-Level Waste

Management Area 1 of the Low-Level Burial Grounds.

* WHC-SD-EN-TI-0 19, Hydrogeologic Model for the 200 East Groundwater Aggregate Area.

* WHC-SD-EN-TI-290, Geologic Setting of the Low-Level Burial Grounds.

2.1 Facility Description and Operational History

The following summary was obtained from DOE/RL-2004-60 and PNL-6820, where additional details

can be found.

The LLWMA-1 is located in the northwestern corner of the 200 East Area (Figure 1-1).

The LLWMA-1 consists of the 218-E-10 Burial Ground (approximately 36.5 ha

2-1
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[90.2 ac]). The 218-E-10 Burial Ground was originally planned for 19 trenches, 14 of
which were used (Figure 2-1).

A northern annexed portion later expanded the capacity of the 218-E-10 Burial Ground;
however, it was never used. The 14 used, unlined trenches vary in length from 165 to
433 m (541 to 1,421 ft). The trenches are located in the southern portion of the 218-E-10
Burial Ground and occupy approximately 23 ha (57 ac). The burial ground began
operating in 1955 and has not received waste since 2000.

During its operational history, two unplanned releases were reported within this burial
ground in the early 1960s. One release, located in Trench 1, was identified as
UPR-200-E-23. This release was reported twice, as UPR-200-E-23 and UPR-200-E-24.
The other release, UPR-200-E-30, is assumed to be located in Trench 5. The release
information is discussed in Section 2.3.

2.2 Regulatory Basis

In May 1987, the U.S. Department of Energy (DOE) issued a final rule (10 CFR 962, "Byproduct
Material"), stating that the hazardous waste components of mixed waste are subject to RCRA regulations.
In November 1987, the U.S. Environmental Protection Agency (EPA) authorized the Washington State
Department of Ecology (Ecology) to regulate these hazardous waste components within the State of
Washington (51 FR 24504, "EPA Clarification of Regulatory Authority Over Radioactive Mixed
Waste"). In 1996, the Washington State Attorney General determined that the effective date of mixed
waste in Washington State was August 19, 1987.

In May 1989, DOE, EPA, and Ecology signed the Hanford Federal Facility Agreement and Consent
Order (Tri-Party Agreement) (Ecology et al. 1989). This agreement established the roles and
responsibilities of the agencies involved in regulating and controlling remedial restoration of the Hanford
Site, which includes LLWMA-1.

Groundwater monitoring is conducted at LLWMA-1 in accordance with WAC 173-303-400(3) (and by
reference, 40 CFR 265, Subpart F, "Groundwater Monitoring"), which requires monitoring to determine
whether dangerous waste or dangerous waste constituents from the waste site have entered the
groundwater. A RCRA groundwater monitoring program for LLWMA- 1 was initiated in 1987
(WHC-SD-EN-AP-0 15) based on the interim status monitoring requirements of 40 CFR 265, Subpart F
and WAC 173-303-400.

In 1990, specific conductance in downgradient well 299-E28-26 significantly increased over the initial
statistically derived background comparison value. The comparison value was derived using results from
four previous quarterly samples from the upgradient wells in accordance with 40 CFR 265.93(c).
A groundwater assessment program was then initiated (WHC-SD-EN-AP-02 1). Regional plumes of
nitrate and sulfate originating upgradient of LLWMA- 1 were concluded as the source of the elevated
specific conductance. An assessment report was prepared (WHC-SD-EN-EV-025) and indicator
evaluation monitoring resumed. The interim status groundwater monitoring plan was revised in 2004
(PNNL-14859), in 2006 (PNNL-14859-ICN-1), and in 2007 (PNNL-14859-ICN-2). The interim status
indicator evaluation monitoring continues to date.

2-2
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Figure 2-1. 218-E-10 Burial Ground at Low-Level Waste Management Area 1

2.3 Waste Characteristics

The 218-E- 10 Burial Ground received shipments of low-level radiological waste; mixed low-level waste;
and unsegregated, remote-handled waste. Examples of waste placed in this burial ground include failed
equipment and mixed industrial wastes (e.g., concrete canyon cover blocks, centrifuge blocks, tubing
bundles,jumper vessels, pumps, columns, and filters). Most of the waste was described as "industrial
waste" from the Plutonium-Uranium Extraction Plant, B Plant, T Plant, offsite (mainly Formerly Utilized
Sites Remedial Action Program waste), and the 100 Areas (mainly N Reactor waste). Industrial waste
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trenches received large items, often packaged in drag-off boxes, which had doses associated with their
wastes of up to 200 mrem/hr at 61 m (200 ft) (DOE/RL-2004-60).

Most of the waste buried before 1990 is in concrete boxes, while waste buried later was mainly dumped
directly from trucks. 1 Two wooden burial boxes disposed in the early 1960s were reported to have
collapsed releasing high-level contamination (UPR-200-E-23 and 200-UPR-E-30) (Figure 2-1). Only
dose levels were reported in supporting release documents. The maximum dose readings were 60 and
500 mrem/hr, respectively. When UPR-200-E-23 was identified, the contamination was fixed by spraying
water or road oil over the affected area. One document indicated that a conventional agricultural sprinkler
system consisting of 366 m (1,200 ft) of 10.3 cm (4-in.) irrigation pipe was installed in an effort to
stabilize the ground contamination. Rye seed was inferred to have been sown to form a root mat for
preventing wind erosion. UPR-200-E-30 occurred during soil coverage, which was used to mitigate
airborne contamination. Historical documentation indicates that waste trenches were backfilled on a daily
or weekly basis. In addition, herbicide application has been used to mitigate radioactive uptake by
deep-rooted plant growth (DOE/RL-2004-60).

Of the burial records within the scope of the remedial investigation/feasibility study for the 200-SW-2
Operable Unit (OU), only 12 percent list nonradiological contaminants that currently are (or once were)
regulated. Records for the 218-E- 10 Burial Ground included asbestos, lead, and di-octyl phthalate. One
reason for this smaller percentage is that most waste packages with good records do not contain regulated
constituents. Additionally, although a variety of chemical wastes may have been disposed to this landfill,
chemical inventories were not consistently maintained until the mid-1980s (DOE/RL-2004-60).

Trench 9 received mixed low-level waste after the mixed waste regulation effective date of
August 19, 1987 (Figure 2-1). However, the disposal of mixed low-level waste to Trench 9 may no longer
be regulated because it is believed to be associated with lead shielding and di-octyl phthalate (used for
testing high-efficiency particulate air filters) (DOE/RL-2004-60).

2.4 Geology and Hydrogeology

The geology and hydrology of the 200 East Area, including the area of LLWMA-1, are described in detail
in PNL-6820 and WHC-SD-EN-TI-290. Other reports providing significant information include the
following: HNF-5507, WHC-SD-EN-TI-019, PNNL-12261, WHC-MR-0204, WHC-MR-0205,
WHC-SD-EN-DP-044, WHC-SD-EN-DP-049, and WHC-SD-EN-DP-086. The following discussion
summarizes information from these reports. This section also identifies the uppermost aquifer and the
aquifers hydraulically interconnected beneath LLWMA-1.

In the past, LLWMA- 1 underlying sediments from the ground surface to the top of the basalt were
interpreted as Hanford and Ringold Formation sediments (PNL-6820). More recently, a determination
that no Ringold Formation sediments are present beneath LLWMA- 1 was made (WHC-SD-EN-TI-290).
The suprabasalt sediments overlying the Elephant Mountain Basalt and extending into the lower vadose
zone are described as mostly a gravel-dominated facies, with local intercalated intervals of sand-
dominated facies (WHC-SD-EN-TI-290) (Figure 2-2).

1 Information obtained from the Solid Waste Information and Tracking System (SWITS) database.
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Most recently, interpretation of the suprabasalt sediments beneath Waste Management Area B-BX-BY
(located to the east) described the presences of Cold Creek sediments. The lowest unit is a gravel unit
with undistinguishable texture from the Hanford basal gravels (H-3). The Cold Creek unit has previously
been defined as the Hanford formation/Plio-Pleistocene unit (Hf/PPu). No new interpretation beneath
LLWMA- 1 has occurred for the aquifer sediments.

The suprabasalt sediment beneath LLWMA-1 ranges from 73 m (240 ft) to more than 100 m (328 ft)
thick. The water table as of June 2009 ranged from 71.3 to 87.8 m (233.9 to 288.1 ft) below ground
surface (bgs). Historically, the water table level was approximately 3.05 m (10 ft) higher in the late 1960s
and 1980s due to peak production at Hanford and associated artificial recharge. Transmissivity
measurements from LLWMA-1 boreholes varied from 148.6 m2/day (1,600 ft/day) in well 299-E33-35
to more than 4,645.2 m2/day (50,000 ft/day) in wells 299-E33-28 through 299-E33-30. Because of the
permeable nature of aquifer sediments, the groundwater gradient has historically been very small beneath
LLWMA-1 (Figure 2-3). Recent water table measurements have indicated variability of the flow direction
beneath LLWMA-1, ranging from north to south during 2008 and 2009. The most recent flow direction
(April through July 2009) has returned to a northwestern direction.

Underlying the suprabasalt sediments is the Elephant Mountain Member of the Saddle Mountains Basalt
formation. During the drilling of LLWMA- 1 wells, some of the drilling extended into the upper portion of
the Elephant Mountain Basalt. Examination of basalt drill cuttings found only sparse vesicles in basalt
chips from one well and none from two other wells (PNL-6820). Based on this information, it was
concluded that past fluvial events removed part, to the entire, flow top from the Elephant Mountain Basalt
in this area. This substantiates earlier conclusion that the Elephant Mountain Member acts hydrologically
as an aquiclude, confining the underlying Rattlesnake Ridge aquifer.

2.5 Summary of Previous Groundwater Monitoring
Groundwater monitoring was initiated at the LLWMA- 1 in 1987 in accordance with
WHC-SD-EN-EV-0 15. The groundwater beneath LLWMA- 1 is sampled semi-annually for indicator
parameters and geochemical analyses. Water levels are measured during each sampling event and
annually in March as part of a comprehensive water-level measurement campaign. The groundwater
monitoring results are summarized annually and presented in the annual Hanford groundwater monitoring
report (e.g., DOE/RL-2008-66, Hanford Site Groundwater Monitoring for Fiscal Year 2008).

The first eight RCRA compliant monitoring wells were installed at LLWMA- 1 in 1987. The initial
network consisted of three RCRA upgradient and five downgradient wells. The initial flow direction was
considered from east to west. Additional wells were installed in 1989 (one well), 1990 (three wells),
1991 (four wells), and 1992 (one well). The RCRA well screens extend from above the unconfined
aquifer to various depths within the aquifer. The shortest screen intervals (e.g., 1.72 to 2.26 m [5.6 to
7.4 ft]) extending into the aquifer are in the northeast wells. Because the aquifer is so thin, the screened
sections extend to within a few feet of the underlying basalt. The other wells basically monitor the upper
portion of the aquifer and extend between 1.97 and 3.36 m (6.5 and 11.0 ft) into the aquifer.

Background monitoring at LLWMA-1 began in 1988, and initial background comparison values for the
indicator parameters (e.g., total organic carbon, total organic halides, pH, and specific conductivity) were
established in 1989 using data from four quarters from upgradient wells 299-E28-27, 299-E33-28, and
299-E33-29.
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The derived background comparison value, critical mean, for specific conductance was exceeded in well
299-E28-26 in September 1989. Verification sampling confirmed the exceedance, and an interim status
groundwater quality assessment program was initiated (WHC-SD-EN-AP-02 1). Subsequent sampling
results provided evidence that LLWMA- 1 did not contribute to the elevated specific conductance
(WHC-SD-EN-EV-025); liquid waste disposal facilities to the south were identified as the most probable
sources. More recently, specific conductance was exceeded in the northeast wells 299-E32-1 0 and
299-E33-34. Once again, the elevated specific conductance was determined not to be contributed by
LLWMA-1 (PNNL-14859). Regional sampling results determined that the elevated specific conductance
and associated contaminants were associated with the BY Cribs.

Groundwater monitoring at LLWMA- 1 was conducted on a quarterly frequency between 1988 and
April 1994, except for the period between June 1990 and June 1991 when laboratory services were
unavailable. The sampling frequency changed to semi-annual in 1994 and remained as such until 2000.
A quarterly sampling frequency was resumed in 2000 as a result of specific conductance levels exceeding
the critical mean in well 299-E33-34 during 1999. The source was determined to be the BY Cribs, and the
sampling frequency was returned to semi-annual in 2002. The sampling frequency has not changed since
that time, and the site remains in interim indicator evaluation monitoring status.

Currently, groundwater monitoring activities at LLWMA- 1 consist of water-level monitoring and
chemical constituent monitoring. The LLWMA- 1 is sampled semi-annually from a network of 17 wells.
Samples are analyzed semi-annually for the indicator parameters, anions, and metals and annually for
alkalinity, mercury, lead, and phenols. Sitewide water-level measurements are collected every March.
Regional water-level measurements have also been collected monthly since June 2008.

2.6 Conceptual Model

This section describes the LLWMA-1 conceptual model for potential contaminant transport to guide
future groundwater monitoring. The conceptual model for contaminant release and transport is based on
the following assumptions.

" Engineered barriers are not taken into account, so the model is applicable to unlined trenches but is
highly conservative for the newest (lined) mixed waste trenches.

" Average precipitation and net infiltration (5 to 10 cm/yr [2 to 3.9 in./yr]) prevail over the timeframe
of interest.

" Net infiltration is assumed to occur under gravity drainage.

" Maximum vertical hydraulic conductivity in the vadose zone is assumed to be significantly larger
than the net infiltration rate.

" The effective saturated porosity in the vadose zone is equal to the moisture content.

" Leaching of mobile contaminants from buried waste in unsealed containers, or contaminated soils in
direct contact with the trench, are assumed to be the major potential source for contamination.

" There are no artificial sources of water (e.g., leaking potable or raw water lines based on Hanford Site
drawings).

" Extreme conditions or accidental releases are recognized as factors but would be addressed under
emergency response/corrective actions.
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2.6.1 Geochemical Considerations
The solubility and subsequent mobility of waste constituents in pore fluid depend on the container, the
chemical nature of the waste constituents, and natural subsurface geochemical conditions.

Pore fluid in the unsaturated and saturated zones beneath LLWMA- 1 is slightly alkaline (7 < pH < 8),
with appreciable amounts of bicarbonate and very little natural organic material. The lack of organic
matter indicates that conditions generally are oxidizing. Calcium carbonate is also abundant in vadose
zone sediment. These general conditions favor sorption or retardation of many heavy metals and favor the
formation of anionic species, which enhances mobility for other metals (e.g., hexavalent chromium).
Laboratory sorption studies have documented these effects and related mobility issues in Hanford Site
media (e.g., PNNL- 11800).

Based on the general geochemical conditions and the nonradiological waste constituents reported beneath
LLWMA- 1, significant contaminant migration appears unlikely (Figure 2-4). Even if large volumes of
water may have been applied to fix radiologic contamination (e.g., UPR-200-E-23), gross-gamma logging
results from 1987 at proximal wells 299-E28-27 and 299-E33-29 (approximately 87 m and 118 m [285 ft
and 387 ft], respectively) showed no elevated sign of gamma. The mobility of lead and cesium is
approximately the same (PNNL- 11800). Furthermore, asbestos (which is orders of magnitude larger in
size than molecular ions associated with porewater) would have even less mobility.

2.6.2 Soil Moisture Factors
Except for waste in sealed metal or concrete containers (e.g., retrievable waste), direct precipitation is the
primary driver for hypothetical leaching of waste constituents from the burial trenches and the subsequent
transport to groundwater. Contaminants in soil disposed to the trench or waste in degradable containers
(e.g., cardboard boxes or wooden boxes) subject to collapse are assumed to be leachable.

The amount of natural infiltration that can pass through the leachable buried waste and drain to the water
table is controlled by the texture of the cover and backfill and the degree of vegetative cover.
Stratigraphic features in the soil column beneath the buried waste can also influence or retard downward
migration by spreading soil moisture laterally. Direct observational evidence to assess this effect at
LLWMA- 1 is lacking. Under the gravity drainage assumption, only a small horizontal gradient
component is likely to be available to produce lateral spreading of infiltrating water.

Most of the burial ground trenches are backfilled with natural excavation materials (Hanford formation)
consisting of coarse gravel, cobbles, and some interstitial sand. Some amounts of vegetation exist on the
established backfilled areas and on unused portions of LLWMA-1.

A coarse, sparsely vegetated cover material allows a major fraction of the precipitation to infiltrate and
potentially drain to the groundwater. It is estimated2 that recharge rates at the Hanford Site range from
near 0 mm/yr at highly vegetated sites to greater than 50 mm/yr at gravel-covered, nonvegetated sites.

2 G. Gee (Pacific Northwest National Laboratory), personal communication with V. Johnson (Fluor Hanford, Inc.),
dated February 2002.
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Figure 2-4. Conceptual Model for Low-Level Waste Management Area 1

2.6.3 Hydrogeologic Considerations

Hydrology is discussed in Section 2.4. The vadose zone (e.g., ground surface to water table) beneath
L LW MA- I ranges from 71.3 to 87.8 m (233.9 to 288.1 ft) bgs. The lithology of the vadose zone consists
of the Hanford formation (e.g., Lipper grave ]-dominated sequence, intermediate sand sequence, and
a lower gravel sequence). Muddy sand to sandy mud located beneath tile sand sequence or within the
lower gravel sequence of the Hanford formation (where present) is likely to retard downward movement
of moisture and contaminants because of the finer textured sediment (Figure 2-2).

If contaminants do break through to the groundwater beneath LLWMA-1, contaminants would, on
average, move toward the northwest. The flow direction recently has been variable at this site, shifting
between southerly and northwestern flow direction; however, data indicate that the long-term average
direction is to the northwest. The changing flow directions have been attributed to high Columbia River
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stages in the spring and occasional, large, permitted water treatment discharges at the 200 East Area
Treated Effluent Disposal Facility (DOE/RL-2008-66). Because of these recent influences on the already
low gradient, the groundwater flow rate is not provided at this time.

2.7 Data Quality Objectives

To define the required information for groundwater indicator evaluation monitoring, the data quality
objectives (DQO) process is used to ensure that data gathered are of appropriate quantity and quality to
meet specific objectives. The DQO parameters, regulatory interim status requirements, and associated
reports supporting the regulatory requirements are outlined in Table 2-1.

Assumptions regarding LLWMA-1 groundwater monitoring based on historical observations and a recent
needs assessment (SGW-40037, Groundwater Monitoring Needs Assessment for Low-Level Burial
Grounds Waste Management Areas) are as follows.

* The groundwater monitoring program described in PNNL-14859 (and interim change notices) meets
the requirements of 40 CFR 265.90(b).

* Elevated specific conductance in the northeast wells (e.g., 299-E33-34, 299-E32-10, 299-E33-35, and
299-E32-9) is driven primarily by nitrate, sulfate, calcium, and chloride from the BY Cribs.

* High nitrate concentrations in the remaining LLWMA- 1 monitoring network wells (other than those
described in second bulleted item above) are from cribs located south of LLWMA-1.

* The northern, unused portion of LLWMA- 1 will be procedurally closed (Figure 2-1).

* Two new wells will be installed between wells 299-E33-30 and 299-E32-2, which will become the
new northwest boundary of LLWMA-1 (Figure 2-5).
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Table 2-1. Data Quality Objectives at RCRA Sites Monitoring for Indicator Parameters
DQO Related Plan Criteria and Associated

Parameter Requirements Historical Documentation

Scope RCRA interim status groundwater monitoring at sites where no impact to
groundwater has been identified. Related requirements are found in WAC 173-303-
400(3) and 40 CFR 265.90 through 265.94, as modified by WAC 173-303-400(3)(b)
and -400(3)(c)(v).

Number and location of wells § 265.91 Groundwater monitoring system. This plan, Section 3.2
Point(s) of compliance (a) A groundwater monitoring system must be capable of yielding groundwater PNNL-14859, Interim Status Groundwater

samples for analysis and must consist of: Monitoring Plan for Low-Level Waste
(1) Monitoring wells (at least one) installed hydraulically upgradient (i.e., in the Management Areas I to 4, RCRA Facilities,
direction of increasing static head) from the limit of the waste management area. Hanford, Washington
Their number, locations, and depths must be sufficient to yield groundwater PNNL-14859-ICN-1
samples that are: PNNL-14859-ICN-2
(i) Representative of background groundwater quality in the uppermost aquifer near
the facility; and
(ii) Not affected by the facility; and
(2) Monitoring wells (at least three) installed hydraulically downgradient (i.e., in the
direction of decreasing static head) at the limit of the waste management area.
Their number, locations, and depths must ensure that they immediately detect any
statistically significant amounts of hazardous waste or hazardous waste
constituents that migrate from the waste management area to the uppermost
aquifer.

Well configuration (depth and § 265.91 Groundwater monitoring system. This plan, Section 3.2
length of screened interval; (c) All monitoring wells must be cased in a manner that maintains the integrity of PNNL-14859, Interim Status Groundwater
well construction) the monitoring well bore hole. This casing must be screened or perforated, and Monitonng Plan for Low-Level Waste

packed with gravel or sand, where necessary, to enable sample collection at depths Management Areas I to 4, RCRA Facilities,
where appropriate aquifer flow zones exist. The annular space (i.e., the space Hanford, Washington
between the bore hole and well casing) above the sampling depth must be sealed PNNL-14859-ICN-1
with a suitable material (e.g., cement grout or bentonite slurry) to prevent
contamination of samples and the ground water. PNNL-14859-ICN-2

Additional Requirements from WAC 173-303-400(3)(c)(v)(C).
Ground water monitoring wells must be designed, constructed, and operated so as
to prevent ground water contamination. Chapter 173-160 WAC may be used as
guidance in the installation of wells.

N)

CA)

0

0

C)

C)
0p



Table 2-1. Data Quality Objectives at RCRA Sites Monitoring for Indicator Parameters
DQO Related Plan Criteria and Associated

Parameter Requirements Historical Documentation

Frequency of sampling § 265.92 Sampling and analysis. This plan, Section 3.1
Types of analysis or (b) The owner or operator must determine the concentration or value of the This plan, Appendix A
measurement following parameters in groundwater samples in accordance with paragraphs (c) PNNL-14859, Interim Status Groundwater
Method detection limits or and (d) of this section: Monitoring Plan for Low-Level Waste
accuracy and precision (1) Parameters characterizing the suitability of the ground water as a drinking water Management Areas 1 to 4, RCRA Facilities,

supply, as specified in Appendix Ill. [Note: These parameters are not listed Hanford, Washington
because, per 265.92(c)(1) below, these analyses are conducted only during the first PNNL-14859-ICN-1
year. None of the RCRA sites is in its first year of monitoring.]
(2) Parameters establishing groundwater quality:

(i) Chloride
(ii) Iron
(iii) Manganese
(iv) Phenols

(v) Sodium
(vi) Sulfate
[Comment: These parameters are to be used as a basis for comparison in the
event a groundwater quality assessment is required under §265.93(d).]
(3) Parameters used as indicators of groundwater contamination:
(i) pH
(ii) Specific conductance
(iii) Total organic carbon
(iv) Total organic halogen
(c)(1) For all monitoring wells, the owner or operator must establish initial
background concentrations or values of all parameters specified in paragraph (b) of
this section. He/she must do this quarterly for one year.
(2) For each of the indicator parameters specified in paragraph (b)(3) of this
section, at least four replicate measurements must be obtained for each sample
and the initial background arithmetic mean and variance must be determined by
pooling the replicate measurements for the respective parameter concentrations or
values in samples obtained from upgradient wells during the first year.

- --- - - -
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Table 2-1. Data Quality Objectives at RCRA Sites Monitoring for Indicator Parameters

DQO Related Plan Criteria and Associated
Parameter Requirements Historical Documentation

§ 265.92 Sampling and analysis (continued).

(d) After the first year, all monitoring wells must be sampled and the samples
analyzed with the following frequencies:

(1) Samples collected to establish groundwater quality must be obtained and
analyzed for the parameters specified in paragraph (b)(2) of this section at least
annually.
(2) Samples collected to indicate groundwater contamination must be obtained and
analyzed for the parameters specified in paragraph (b)(3) of this section at least
semi-annually.
(e) Elevation of the groundwater surface at each monitoring well must be
determined each time a sample is obtained.

Methods used to evaluate § 265.93 Preparation, evaluation, and response. This plan, Section 4.2
the collected data (b) For each indicator parameter specified in §265.92(b)(3), the owner or operator This plan, Appendix A

must calculate the arithmetic mean and variance, based on at least four replicate PNNL-14859, Interim Status Groundwater
measurements on each sample, for each well monitored in accordance with Monitoring Plan for Low-Level Waste
§265.92(d)(2), and compare these results with its initial background arithmetic Management Areas 1 to 4, RCRA Facilities,
mean. The comparison must consider individually each of the wells in the Hanford, Washington
monitoring system, and must use the Student's t-test at the 0.01 level of
significance (see appendix IV) to determine statistically significant increases (and PNNL-14859-ICN-1
decreases, in the case of pH) over initial background. PNNL-14859-ICN-2

NOTE: The references cited in this table are listed in the reference section (Chapter 5) of this plan.

CFR = Code of Federal Regulations

DQO = data quality objective
RCRA = Resource Conservation and Recovery Act of 1976

0

0
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Figure 2-5. Two New Low-Level Waste Management Area I Network,
Monitoring Well Locations and Well Names

Procedurally closing the northern unused portion of LlWMA-l and moving the northern limit to the
south requires a revised monitoring network and plan. The recent monitoring needs assessment
(SGW-40037) developed a three-tiered approach for changing the monitoring network. The tier number
one changes included the following.

" Adding two new monitoring wells located to the northwest of Trench 9, identified with the only
post-August 19, 1987, mixed waste (RCRA) in LLWMA-1. One well is planned to be completed in
fiscal year 2010 (FY 10) and the other well is planned for completion in FY11.

* Change the status of the seven existing wells along the northern unused portion of L LWMA-1 to
supplemental wells with continued monitoring.

* Add well 299-E33-10, located to the east of ILLWMA-I (upgradient), to the network.

* Change the status of four existing wells along the southern and eastern boundary of the southern
portion of LLWMA- 1 to supplemental and continue monitoring at these wells.

The tier number two requirement is to perform modeling to identify the need for additional wells. The tier
number three requirements include installing the tier number two monitoring wells.
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The following provides changes to the conclusions of the monitoring needs assessment based on recent
information and re-evaluation. The recommendations presented for refinement of the needs assessment
logic are as follows.

* Wells along the southern and southeastern boundary of LLWMA-1 will remain part of the monitoring
network. These wells will provide upgradient groundwater data or downgradient groundwater data if
the groundwater flow directions change.

* Omit well 299-E33-10 because it is noncompliant and proximal to network well 299-E33-29.

* Change the status of the seven existing wells along the northern unused portion of LLWMA- 1 to
supplemental wells with continued water-level monitoring.
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3 Groundwater Monitoring

This section lists the wells monitored, constituents analyzed, and sampling frequency. The quality
assurance and quality control requirements are provided in the QAPjP in Appendix A.

3.1 Constituent List and Sampling Frequency
Table 3-1 lists the constituents to be analyzed for the indicator evaluation groundwater monitoring
program at LLWMA-1. All wells and constituents are to be sampled semi-annually, as indicated in
Table 3-1. Note that wells 299-E33-265 and 299-E33-266 are new planned wells (one well will be drilled
in FY10 and one in FY1 1). Maintenance problems and sampling logistics can delay scheduled sampling
events. If sampling of a well is delayed more than 3 months, that sampling event will be cancelled
because it is nearly time for the next scheduled sampling event.

3.2 Well Network

Figure 3-1 shows the groundwater monitoring well network for LLWMA-1. Figure 2-5 shows the two
new planned groundwater monitoring wells for LLWMA-1. Table 3-1 lists the wells in the groundwater
monitoring network. Construction details and as-built diagrams for wells in the LLWMA- 1 monitoring
network are provided in PNL-6820, WHC-MR-0204, WHC-MR-0205, WHC-SD-EN-DP-044, and
WHC-SD-EN-DP-049. The wells in the LLWMA-1 monitoring network may also be co-sampled for the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 200-BP-5
OU. Sampling for LLWMA- 1 and the 200-BP-5 OU is coordinated to eliminate duplicate analyses and
well trips.

Table 3-2 summarizes well attribute information, including the June 2009 depth to water in each well. All
of the wells in the LLWMA- 1 monitoring network are constructed to meet the requirements of
WAC 173-160, "Minimum Standards for Construction and Maintenance of Wells." These wells have
stainless-steel casing and screen, sand pack in the screened interval, and full annular seal above. Given
the current rate of water table decline (0.05 m/yr [0.164 ft/yr]), none of the wells in the LLWMA-1
monitoring network are expected to go dry for at least 30 years.

3.3 Sampling and Analysis Protocol
Groundwater monitoring at LLWMA- I follows the conventions of the project and is described in
Appendix A.

3.4 Differences Between This Plan and Previous Plan
Initially, the only difference between this plan and the previous plan (PNNL-14859-ICN-2) is the deletion
of analytes lead and mercury. Over the next 2 years, another difference will be the addition of two new
wells (e.g., 299-E33-265 and 299-E33-266) to the monitoring network (Figure 2-5). After the two new
well are completed and sampled once (as part of the semi-annual monitoring event for LLWMA-1), the
seven existing northern wells will no longer be sampled for indicator or groundwater quality parameters.
Also, after the two new wells have been sampled once, the tier #2 modeling effort associated with the
need assessment plan (SWG-40037) will be conducted to determine if additional monitoring wells may be
needed adjacent to LLWMA-1. If additional wells are needed, a new monitoring plan will be completed.
Also, if the northwestern groundwater flow direction is altered for more than one year, a new monitoring
plan will be developed.
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Table 3-1. Groundwater Monitoring Schedule for Low-Level Waste Management Area I

Purpose

RCRA Required Constituentsa

Groundwater Quality Parameter
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Parameters
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Constituentsb

- ___ ___ ~
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299-E28-26 Upgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E28-27 Upgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E28-28 Upgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E32-2 Downgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E32-3 Downgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E32-4 Cross-gradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E32-5 Downgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E32-6 Downgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E32-7 Downgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E32-8 Downgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E32-9 Downgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E32-1 Downgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E33-28 Upgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E33-29 Upgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E33-34 Downgradient Y S S4 S4 S4 S4 IS S IA IS S S S S S S
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Table 3-1. Groundwater Monitoring Schedule for Low-Level Waste Management Area I
RCRA Required Constituentsa

LGroundwater Quality Parameters

Purpose

4-E
0

U

*1i
0

~1
a-
0
(U

Contaminant Indicator
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"a

00

A A
E
0T

299-E33-35 Upgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E33-265 Downgradient Y S S4 S4 S4 S4 S S A S S S S S S S

299-E33-266 Downgradient Y S S4 S4 S4 S4 S S A S S S S S S S

a. Constituents and parameters required by 40 CFR 265.92, "Interim Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
Disposal Facilities," "Sampling and Analysis."

b. Constituents not required by RCRA but needed to support interpretation.

c. Field measurement.

d. For anions, analytes include chloride, fluoride, nitrate, nitrite, and sulfate. For metals, analytes include (but are not limited to) calcium, chromium, iron,
manganese, potassium, and sodium.

4 = quadruplicate samples

A = to be sampled annually

CFR = Code of Federal Regulations
LLWMA = low-level waste management area

RCRA = Resource Conservation and Recovery Act of 1976

S = to be sampled semi-annually

Y = well is constructed to WAC 173-160

WAC = Washington Administrative Code
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Table 3-2. Low-Level Waste Management Area I Groundwater Monitoring Well Construction
and Relative Water Table Information

Brass
Survey
Marker Water Screened Water

Elevation Table Interval Remaining,
Well Completion Easting Northing (m Elevation (m (m)
Name Date (m) (m) NAVD88) (m amsl) NAVD88) (June 2009)

299-E28-26 11/06/1987 137024.016 572941.553 209.834 121.972 118.6- 3.36
124.7

121.987

121.933

121.909

121.929

121.919

121.984

122.032

121.921

121.936

121.926

121.930

121.943

121.929

121.963

121.949

121.924

299-E28-27 09/30/1987 137070.063 573226.784 No value

299-E28-28 04/17/1990 137108.259 572804.351 No value

299-E32-2 09/30/1987 137467.509 572648.02 204.673

299-E32-3 09/30/1987 137383.996 572600.614 206.93

299-E32-4 09/30/1987 137187.218 572603.743 209.779

299-E32-5 11/09/89 137285.125 572599.697 208.086

299-E32-6 08/01/91 137515.1 572600.4 203.381

299-E32-7 07/26/91 137647.05 572600.38 200.627

299-E32-8 06/10/91 137741.47 572663.39 196.743

299-E32-9 07/12/91 137741.69 572795.11 196.028

299-E32-10 04/15/92 137741.69 572951.13 194.525

299-E33-28 11/06/87 137375.019 573226.365 203.07

299-E33-29 09/30/87 137231.193 573227.858 205.753

299-E33-30 09/30/87 137467.779 572923.796 202.85

299-E33-34 04/23/90 137740.427 573104.458 193.246

299-E33-35 04/17/90 137605.098 573220.798 196.174

119.4-
125.5

119.5-
125.6

119.9-
126.0

119.6 -
125.7

118.9-
125.0

119.0-
125.4

119.3-
125.7

119.3-
125.7

118.9-
125.1

119.4-
125.6

119.7-
125.9

119.0-
125.1

119.5-
125.6

119.0-
125.1

120.2-
126.4

120.2-
126.6

4

3-5

2.63

2.43

1.97

2.31

3.02

2.99

2.70

2.63

3.08

2.57

2.26

2.92

2.45

3.01

1.72

1.75
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Table 3-2. Low-Level Waste Management Area I Groundwater Monitoring Well Construction
and Relative Water Table Information

Brass
Survey
Marker Water Screened Water

Elevation Table Interval Remaining,Well Completion Easting Northing (m Elevation (m (m)Name Date (m) (m) NAVD88) (m amsl) NAVD88) (June 2009)
299-E33-265 TBD TBD TBD TBD TBD TBD TBD
299-E33-266 TBD TBD TBD TBD TBD TBD TBD
NOTES:

1. All wells constructed to standards of resource protection wells in accordance with WAC 173-160, "MinimumStandards for Construction and Maintenance of Wells." Stainless-steel casing and screen; sand pack aroundscreen or "channel pack" screen; annular seal around casing.
2. Shaded rows show the anticipated network monitoring wells after the two new wells (299-E33-265 and299-E33-266) are installed and sampled once.
3. Bold italics indicate upgradient wells for a northwesterly flow direction.
4. Water levels measured in June 2009.

amsl = above mean sea level
NAVD88 = North American Vertical Datum of 1988
TBD = to be determined
WAC = Washington Administrative Code
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4 Data Evaluation and Reporting

This chapter discusses data evaluation and reporting for LLWMA-1.

4.1 Data Review

Data review, validation, and verification are discussed in the QAPjP in Appendix A.

4.2 Statistical Evaluation

The goal of RCRA indictor evaluation monitoring is to determine if LLWMA- 1 has affected groundwater
quality beneath the site. For most RCRA treatment, storage, and disposal unit at the Hanford Site, this is
determined based on the results of specified statistical tests. The sampling procedures and statistical
evaluation methods are based on 40 CFR 265, Subpart F (incorporated by reference in
WAC 173-303-400). These interim status regulations require the use of a statistical method that compares
mean concentrations of the four general contamination indicator parameters (e.g., total organic carbon,
total organic halides, pH, and specific conductance) in downgradient wells to background levels obtained
from upgradient wells.

Six upgradient wells at LLWMA-l (Table 3-1) are currently used for deriving statistical comparison
values. Each year, a new calculation is completed to derive the background comparison value of
significance because of the variability of upgradient groundwater quality. This value is compared with
each downgradient well indicator parameter result to determine if a significant increase has occurred. In
addition, groundwater quality results are used to verify ion balance and relative change associated with
specific conductance measurements. If questions arise from the ion balance, the laboratory results are
reviewed for errors (as discussed in Appendix A). Phenol analyses are also conducted for further
evaluation of potentially elevated total organic carbon or total organic halide indicator parameters.

Well 299-E33-35 is only upgradient well in the northern portion of LLWMA-1. This well will no longer
be used when the northern portion of the LLWMA is procedurally closed and two new wells are added to
the monitoring network.

4.3 Interpretation

After the data are validated and verified, the acceptable data are used to interpret groundwater conditions
at LLWMA-1. Interpretive techniques include the following.

" Hydrographs: Graph water levels versus time to determine decreases, increases, seasonal, or
man-made fluctuations in groundwater levels.

* Water table maps: Use water table elevations from multiple wells to construct contour maps and to
estimate flow directions. Groundwater flow is assumed to be perpendicular to lines of equal potential
on the maps.

* Trend plots: Graph concentrations of constituents versus time to determine increases, decreases, and
fluctuations. May be used in tandem with hydrographs and/or water table maps to determine if
concentrations relate to changes in water level or in groundwater flow directions.
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* Plume maps: Mapped distributions of chemical constituent concentrations in the aquifer to determine
extent of contamination. Changes in plume distribution over time aid in determining movement of
plumes and direction of groundwater flow.

* Contaminant ratios: Can sometimes be used to distinguish among different sources of contamination.

4.4 Annual Determination of Monitoring Network
The RCRA groundwater monitoring requirements call for annual evaluation of the groundwater
monitoring network to determine if the network remains adequate to monitor the LLWMA. The network
must include upgradient and downgradient wells in the uppermost aquifer. The groundwater flow
direction beneath LLWMA- 1 has been predominantly reported to the northwest from the early 1990s to
2008. However, the groundwater flow direction is susceptible to change for several months, as was
reported last year due to high Columbia River stages in the spring and occasional, large, permitted water
treatment discharges at the 200 East Area Treated Effluent Disposal Facility (DOE/RL-2008-66). Another
potential factor affecting the future groundwater flow direction is the extraction and injection associated
with the 200-ZP- 1 OU pump-and-treat system.

Water-level measurements will be collected before each sampling event. A more comprehensive set of
water-level measurements has been made for LLWMA- 1 each month since June 2008. The measurements
are corrected, if needed, to account for borehole deviation from vertical, and the resulting data are plotted
on a map. The data are presented in the annual groundwater monitoring report.

Any new RCRA wells needed as a result of the tier #2 modeling at LLWMA-1 will be negotiated and
prioritized by Ecology, DOE, and EPA and approved under Tri-Party Agreement Milestone M-24-00.

4.5 Reporting and Notification

The results of indicator evaluation monitoring are reported annually in accordance with the requirements
of 40 CFR 265.94(b). Reporting will be made in annual Hanford Site groundwater monitoring reports
(e.g., DOE/RL-2008-66). Notifications are presented in Table 4-1.

Table 4-1. Reports Required for Compliance with 40 CFR 265, Subpart F for Groundwater Monitoring

Submittal Reporting Regulatory
Submittal Period Vehicle Requirement

First year of sampling:
concentrations of interim
primary drinking water Quarterly Completea 40 CFR 265.94(a)(2)(i)
constituents, identifying those
that exceed limits

Concentration and statistical
analyses of groundwater Annually (by March 1 of Hanford Site groundwater
contamination indicator following year) monitoring report 40 CFR 265.94(a)(2)(ii)
parameters, noting significant (e.g., DOE/RL-2008-66)
differences in upgradient wells

Results of groundwater surface
elevation evaluation and Annually (by March 1 of Hanford Site groundwater 40 CFR 265.94(a)(2)(iii)
description of response, if following year) monitoring report
appropriate
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Table 4-1. Reports Required for Compliance with 40 CFR 265, Subpart F for Groundwater Monitoring
Submittal Reporting Regulatory

Submittal Period Vehicle Requirement

Outline for groundwater quality Within one year after S&GRP document or
assessment program effective date of letter 40 CFR 265.93(a)

regulations

Notification of statistical Within 7 days
exceedanceb of verification Letter to Ecology 40 CFR 265.93(c)

Assessment planb Within 15 days S&GRP document or 40 CFR 265.93(d)of notification letter

S&GRP document, letter,
Determinations under s soon as technically or Hanford Site 40 CFR 265.93(d)(5)
assessment program thereafter groundwater monitoring and 265.94(b)

report

NOTES:
40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and

Disposal Facilities"
DOE/RL-2008-01, Hanford Site Groundwater Monitoring for Fiscal Year 2007

a. Requirement was fulfilled during first year of sampling via published reports. Quarterly submittal of data
continues via the Hanford Environmental Information System database.

b. Required if exceedance occurs and is verified.
CFR = Code of Federal Regulations
Ecology = Washington State Department of Ecology
S&GRP = Soil and Groundwater Remediation Project

If comparisons for the upgradient well show a statistically significant increase (and/or pH decrease), the
information is reported in the annual groundwater report. If the comparisons for a downgradient well
show a significant increase (and/or pH decrease), then one or both of the following actions are taken:
(1) the well is resampled and split samples are sent to different laboratories to determine if the exceedance
of the comparison value was the result of laboratory error, and/or (2) the original samples may be
re-analyzed if laboratory error is suspected.

If the exceedance of the statistical comparison value is confirmed by resampling, then written notice is
provided to the regulatory agency within 7 days that the monitored facility may be affecting groundwater
quality. Within 15 days after the notification, a groundwater quality assessment program will be
developed and submitted (40 CFR 265.93[d]). In some instances, it is possible to determine immediately
that the statistical finding is not the result of contamination from the facility. In that case, the regulatory
agency is notified but an assessment program is not instituted.
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Terms

CFR Code of Federal Regulations

DOE U.S. Department of Energy

DQO data quality objective

EB equipment blank

EPA Environmental Protection Agency

FTB full trip blank

FXR field transfer blank

HEIS Hanford Environmental Information System

LLWMA Low Level Waste Management Area

POE point of exposure

QA quality assurance

QAPjP quality assurance project plan

QC quality control

RCRA Resource Conservation and Recovery Act of 1976

RL Richland Operations Office

TSD treatment, storage, and disposal
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Appendix A
Quality Assurance Project Plan

The contractor's quality assurance (QA) program describes the contractor's QA structure, requirements,
implementation methods, and responsibilities. The contractor's environmental QA program plan provides
the requirements for collecting and assessing environmental data in accordance with the following:

* U.S. Department of Energy (DOE) 0 414.1C, Quality Assurance.
* 10 Code of Federal Regulations (CFR) 830, Subpart A, "Quality Assurance Requirements".
0 EPA Requirements for Quality Assurance Project Plans, EPA QA/R-5 (EPA/240/B-0 1/003).

This quality assurance project plan (QAPjP) establishes the quality requirements for environmental data
collection, including planning, implementing, and assessing the sampling, field measurements, and
laboratory analysis. Section 6.5 of the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) (Ecology et al. 1989a), Attachment 2, "Action Plan," requires that QA/quality control (QC)
and sampling and analysis activities specify the QA requirements for treatment, storage, and disposal
(TSD) units. The requirements of Hanford Analytical Services Quality Assurance Requirements
Document (DOE/RL-96-68) also apply to this work.

The content of this QAPjP is patterned after the QA elements of EPA/240/B-0 1/003. The QAPjP
demonstrates conformance to the Part B requirements of Quality Systemsfor Environmental Data and
Technology Programs: Requirements with Guidancefor Use (ANSI/ASQ E4). This QAPjP is divided into
four sections (designated in EPA/240/B-01/003 as Sections A, B, C, and D), which describe the quality
requirements and controls applicable to this investigation. This QAPjP is intended to supplement the
contractor's environmental QA program plan.

Section A - Project Management

This section addresses the basic aspects of project management and will ensure that the project has
defined goals, that the participants understand the goals and the approaches used, and that the planned
outputs are appropriately documented.

Project/Task Organization

The project organization in regard to planning, sampling, analysis, and data assessment is described in the
subsections that follow and is shown in Figure A-1. The project manager maintains a list of the
individuals or organizations that are the points of contact for each functional element shown in the figure.
For each functional primary contractor role, there is a corresponding oversight role within DOE.

Regulatory Project Manager

The Washington State Department of Ecology (Ecology) project manager is responsible for the oversight
of Low-Level Waste Management Area 1 (LLWMA-1). Ecology can request this plan during a regulatory
compliance inspection for review. Ecology will work with the DOE Richland Operations (RL) to resolve
concerns regarding the work as described in this QAPjP.
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Figure A-I. Project Organization

U.S. Department of Energy, Richland Operations Office Project Manager
Hanford Site cleanup is the responsibility of RL. The RL project manager is responsible for authorizing
the contractor to perform activities under the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980; the Resource Conservation and Recovery Act of 1976 (RCRA); the Atomic
Energy Act of 1954; and the Ti-Party Agreement for the Hanford Site.

U.S. Department of Energy, Richland Operations Office Technical Lead
The RL technical lead is responsible for day-to-day oversight of the contractor's performance of
workscope, for working with the contractor and the regulatory agencies to identify and work through
issues, and for providing technical input to the RL project manager.

Contractor Groundwater Remediation Department Manager
The contractor groundwater remediation department manager provides oversight for all activities and
coordinates with DOE, the regulators, and primary contractor management in support of sampling and
reporting activities. The remediation department manager also provides support to the project manager to
ensure that work is performed safely and cost effectively.

Project Manager
The LLWMA- 1 project manager is responsible for direct management of activities performed under this
QAPjP and for ensuring that the project file is properly maintained. The project manager works with QA,
Health and Safety, and the field work supervisor to plan and implement the workscope. In addition, the
project manager is responsible for version control of the QAPjP to ensure that personnel are working to
the most current job requirements. The project manager also coordinates with and reports to DOE and
primary contractor management.
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RCRA Monitoring and Reporting

The RCRA monitoring and reporting manager is responsible for direct management of activities
performed to meet RCRA TSD unit monitoring requirements. The RCRA monitoring and reporting
manager coordinates with and reports to DOE and primary contractor management regarding RCRA TSD
unit monitoring requirements. The RCRA monitoring and reporting manager assigns scientists to provide
technical expertise.

Groundwater Sampling Operations
Groundwater sampling operations is responsible for planning and coordinating field sampling resources
and provides the field work supervisor for routine groundwater sampling operations. The field work
supervisor directs the samplers, who collect groundwater samples in accordance with the sampling and
analysis plan and the corresponding standard procedures and work packages. The samplers also complete
the field logbook and chain-of-custody forms, as well as any shipping paperwork, and ensure delivery of
the samples to the analytical laboratory.

Quality Assurance

The QA point of contact is matrixed to the project manager and is responsible for QA issues on the
project. Responsibilities include overseeing implementation of the project QA requirements; reviewing
project documents, including Data Quality Objective (DQO) summary reports, sampling and analysis
plans, and the QAPjP; and participating in QA assessments on sample collection and analysis activities,
as appropriate. The QA point of contact must be independent of the unit generating the data.

Environmental Compliance Officer
The environmental compliance officer provides technical oversight, provides direction and acceptance of
project and subcontracted environmental work, and develops appropriate mitigation measures with the
goal of minimizing adverse environmental impacts.

Health and Safety

The Health and Safety organization is responsible for coordinating industrial safety and health support
within the project as carried out through health and safety plans, job hazard analyses, and other pertinent
safety documents required by federal regulations or by internal primary contractor work requirements.

Radiological Engineering

The Radiological Engineering lead is responsible for the radiological/health physics support within the
project. Specific responsibilities include conducting as low as reasonably achievable (ALARA) reviews,
exposure and release modeling, and radiological controls optimization for all work planning. In addition,
the Radiological Engineer lead identifies radiological hazards and implements appropriate controls to
maintain worker exposures ALARA (e.g., requiring personal protective equipment).
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Sample Management and Reporting Organization
The Sample Management and Reporting organization coordinates laboratory analytical work to ensure
that the laboratories conform to Hanford Site internal laboratory QA requirements (or their equivalent), as
approved by DOE, the U.S. Environmental Protection Agency (EPA), and Ecology. Sample Management
and Reporting receives analytical data from the laboratories, performs data entry into the Hanford
Environmental Information System (HEIS) database, and arranges for data validation. Sample
Management and Reporting is responsible for informing the project manager of any issues reported by the
analytical laboratory.

Contract Laboratories

The contract laboratories analyze samples in accordance with established procedures and provide
necessary sample reports and explanations of results to support data validation. The laboratories must
meet site-specified QA requirements and must have an approved QA plan in place.

Waste Management

Waste Management communicates policies and procedures and ensures project compliance for storage,
transportation, disposal, and waste tracking in a safe and cost-effective manner.

Problem DefinitionlBackground

The problem definitions, as required by 40 CFR 265.90(b) ("Interim Status Standards for Owners and
Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities," "Applicability"), are
provided in Section 2.7 of this monitoring plan. The background is provided in the sections prior to
Section 2.7.

Project/Task Description

The project description is provided in Chapters 3 and 4 of this monitoring plan and includes the selection
of appropriate dangerous waste or dangerous waste constituents, collection and analyses of groundwater
from the monitoring network, interpretation of analytical results, evaluation of monitoring network, and
reporting.

The target analytes, along with the monitoring wells and frequency of sampling, are provided in
Chapter 3.

Quality Objectives and Criteria

The groundwater monitoring quality objectives and criteria are defined in Tables A-2, A-3, A-4, and A-5
of this QAPjP in order to meet the evaluation requirements in Chapter 4 of the monitoring plan.

Special TraininglCertification

Workers receive a level of training that is commensurate with their responsibilities and that complies with
applicable DOE orders and government regulations according to the Dangerous Waste Training Plan
maintained for the TSD unit to meet the requirements of Washington Administrative Code
(WAC) 173-303-330, "Dangerous Waste Regulations," "Personnel Training." The field work supervisor,
in coordination with line management, will ensure that all field personnel meet training requirements.
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Documents and Records

The project scientist is responsible for ensuring that the current version of the groundwater monitoring
plan is being used and for providing any updates to field personnel. Version control is maintained by the
administrative document control process. Significant changes to the plan that affect data quality
objectives will be reviewed and approved by DOE and the regulatory agency prior to implementation.
Table A-I defines the types of changes that may be made to the sampling design and the documentation
requirements.

Table A-1. Actions and Documentation for Regulator Notification
Type of Change Action Documentation

Temporary addition of wells or Project management approval; Project's schedule tracking
constituents, or increased sampling notify regulator agency if system
frequency appropriate

Unintentional impacts to groundwater
monitoring plan including one-time
missed well sampling due to
operational constraints, delayed .
sample collection, broken pump, lost Electronic notification RCRA annual repor
bottle set, missed sampling of indicator
parameters, loss of samples in transit,
etc.

Planned change to groundwater
monitoring activities including addition . . Revised RCRA groundwater
or deletion of constituents or wells; monitoring plan
changing sampling frequency, etc.

Anticipated unavoidable changes Electronic notification; revise RCRA annual report and revised
(e.g., dry wells) monitoring plan groundwater monitoring plan

RC RA = Resource Conservation and Recovery Act of 1976

Logbooks are required for field activities. The logbook must be identified with a unique project name and
number. Individuals responsible for the logbooks shall be identified in the front of the logbook, and only
authorized persons may make entries into the logbooks. Logbooks will be controlled in accordance with
internal work requirements and processes.

The HEIS database will be identified as a repository of data for the Hanford Facility Operating Record
unit file. Records may be stored in either electronic or hardcopy format. Documentation and records,
regardless of medium or format, are controlled in accordance with internal work requirements and
processes that ensure accuracy and retrievability of stored records. Records required by the Tri-Party
Agreement will be managed in accordance with the requirements therein.

Groundwater monitoring results will be reported annually in accordance with the requirements of
40 CFR 265.94(b). The reports will be part of the annual Hanford Site groundwater monitoring report.
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Section B - Data Generation and Acquisition

This section addresses data generation and acquisition to ensure that the project's methods for sampling,
measurement and analysis, data collection or generation, data handling, and QC activities are appropriate
and documented.

Sampling Process Design (Experimental Design)
The sampling design is based on regulatory requirements and judgmental sampling.

Regulatory Requirements

The groundwater protection regulations of WAC 173-303-400, "Dangerous Waste Regulations," "Interim
Status Facility Standards," dictate the groundwater sampling and analysis requirements applicable to
TSD units.

Judgmental Sampling

Judgmental sampling is limited to the selection of sample locations, as well as supplemental sample
collection and analytical analyses. The sample locations and supplemental sample collection and
analytical analyses are based on knowledge of the feature or condition under investigation. The
conclusions depend on the validity and accuracy of professional judgment.

Sampling Methods

Sampling is described in the contractor's environmental QA program plan, including the following:

" Field sampling methods.
* Sample preservation, containers, and holding times.
" Corrective actions for sampling activities.
" Decontamination of sampling equipment.

The groundwater sampling operations supervisor must ensure that situations that may impair the usability
of samples and/or data are documented in field logbook or on nonconformance report forms in
accordance with internal corrective action procedures, as appropriate. The groundwater sampling
operations supervisor will note any deviations from the standard procedures for sample collection,
contaminants of potential concern, sample transport, or monitoring that occur. The groundwater sampling
operations supervisor is also responsible for coordinating all activities relating to the use of field
monitoring equipment (e.g., dosimeters and industrial hygiene equipment). Field personnel will document
in the logbook all noncompliant measurements taken during field sampling. Ultimately, the groundwater
sampling operations supervisor will be responsible for developing, implementing, and communicating
corrective action procedures, documenting all deviations from procedure, and ensuring that immediate
corrective actions are applied to field activities. Problems with sample collection, custody, or data
acquisition that adversely impact the quality of data, or that impair the ability to acquire data or failure to
follow procedure, will be documented in accordance with internal corrective action procedures, as
appropriate.

Sample Handling and Custody

A sampling and data tracking database is used to track samples from the point of collection through the
laboratory analysis process. Laboratory analytical results are entered and maintained in the HEIS
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database. Each sample is identified and labeled with a unique HEIS sample number. The contractor's
environmental QA program plan specifies sample handling information, including the following:

* Container requirements
" Container labeling and tracking process
* Sample custody requirements
* Shipping and transportation

Sample custody during laboratory analysis is addressed in the applicable laboratory standard operating
procedures. Laboratory custody procedures will ensure that sample integrity and identification are
maintained throughout the analytical process. Storage of samples at the laboratory will be consistent with
laboratory instructions prepared by the Sample Management and Reporting organization.

Analytical Methods

Information on analytical methods is provided in Table A-2. These analytical methods are controlled in
accordance with the laboratory's QA plan and the requirements of this QAPjP. The primary contractor
participates in oversight of offsite analytical laboratories to qualify the laboratories for performing
Hanford Site analytical work.

Table A-2. Preservation Techniques, Analytical Methods Used, and Current Method Quantitation
Limits for Low-Level Waste Management Area 1 Constituents

Method
Collection and Analysis Quantitation

Constituent Preservationa,b Methods Limit (pgiL)d
Contamination Indicator Parameters

Total organic carbon G/P, HCL to pH<2 SW-846e Method 9060 1,000

Total organic halides G, H2SO4 to pH<2, SW-846e Method 9020 20____________________ j no head space ______________ ________

Metals Analyzed by Inductively Coupled Plasma Method - Unfiltered/Filtered

Calcium 1,000

Chromium 10
Sodium 500

SW-846e Method 601OB/C,
Manganese P, HNO 3 to pH<2 SW-846 Method 6020, or 5

EPA/600 Method 200.8
Potassium 4,000
Iron 50

Magnesium 750

Anions by Ion Chromatography

Nitrate 250

Sulfate 500
P, none EPA/600 Method 300.Of

Chloride 200
Nitrite 250
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Table A-2. Preservation Techniques, Analytical Methods Used, and Current Method Quantitation
Limits for Low-Level Waste Management Area 1 Constituents

Method
Collection and Analysis Quantitation

Constituent Preservation'b JMethodsc Limit (pgIL)d

Other

Temperature Field measurement Instrument/meter

Conductivity, field N/A Instrument/meter 1 pohm

pH, field measurement N/A Instrument/meter 0.1

EPA Standard Method9 2320
Alkalinity G/P, none EPA/600 Method 310.1 5,000

EPA/600 Method 310.2
Phenols G, residual chlorine SW-846 Method 8040 5

0.0008% Na2S2O3

a. P = plastic; G = glass.
b. All samples will be cooled to 40C upon collection.
c. Constituents grouped together are analyzed by the same method, unless otherwise indicated.
d. Detection limit units, except where indicated.
e. SW-846, Methods for Evaluation of Solid Waste: Physical/Chemical Methods.
f. Analytical method adapted from Method 300.0, Test Methods for Determination of Inorganic Anions in Water by

Ion Chromatography (EPA-600/4-84-017).
g. Standard Methods for the Examination of Water and Wastewater (AWWA/APHA 2005).
EPA = U.S. Environmental Protection Agency
N/A = not applicable

Laboratories providing analytical services in support of this QAPjP will report errors to the CHPRC
Sample Management and Reporting project coordinator, who will then initiate a sample disposition
record. The error-reporting process is intended to document analytical errors and the resolution of those
errors with the project scientist. The corrective action program addresses the following:

* Evaluation of impacts of laboratory QC failures on data quality
" Root-cause analysis of QC failures
* Evaluation of recurring conditions that are adverse to quality
* Trend analysis of quality-affecting problems
" Implementation of a quality improvement process
* Control of nonconforming materials that may affect quality.

Quality Control
The QC procedures must be followed in the field and laboratory to ensure that reliable data are obtained.
Field QC samples will be collected to evaluate the potential for cross-contamination and to provide
information pertinent to field variability. Field QC for sampling will require the collection of field
replicates (duplicates), trip or field blanks, and equipment blanks. Laboratory QC samples estimate the
precision and bias of the analytical data. Field and laboratory QC samples are summarized in Table A-3.
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Table A-3. Quality Control Samples
Sample Primary Characteristics

Type Evaluated Frequency
Field QC

Full trip blank (FTB) Contamination from containers or transportation 1 per 20 well trips

1 each day; volatile
Field transfer blank (FXR) Contamination from sampling site organic compounds

sampled

Equipment blank (EB) Contamination from non-dedicated equipment As neededa

Replicate/duplicate samples Reproducibility 1 per 20 well trips

Laboratory QC

Method blanks Laboratory contamination 1 per batch

Laboratory duplicates Laboratory reproducibility See footnote b

Matrix spikes Matrix effect and laboratory accuracy See footnote b

Matrix spike duplicates Laboratory reproducibility/accuracy See footnote b

Surrogates Recovery/yield See footnote b

Laboratory control samples Method accuracy 1 per batch

a. For portable Grundfos* (registered trademark of Grundfos Pumps Corporation, Colorado Springs, Colorado)
pumps, equipment blanks are collected 1 per 10 well trips. Whenever a new type of non-dedicated
equipment is used, an equipment blank shall be collected each time sampling occurs until it can be shown that
less frequent collection of equipment blanks is adequate to monitor the decontamination procedure for the
non-dedicated equipment.

b. As defined in the laboratory contract or quality assurance plan, and/or analysis procedures.
QC = quality control

Field Quality Control Samples
Field QC samples will be collected to evaluate the potential for cross-contamination and laboratory
performance. The QC samples and the required frequency for collection are described in this section.

Full trip blanks (FTBs) are prepared by the sampling team prior to traveling to the sampling site. The FTB
is filled with high-purity reagent water. The bottles are sealed and transported, unopened, to the field in
the same storage containers used for samples collected that day. Collected FTBs are analyzed for the
same constituents as the samples. The FTBs are used to evaluate potential contamination of the samples
due to the sample bottles, preservative, handling, storage, or transportation.

Field transfer blanks (FXRs) are preserved volatile organic analysis sample bottles that are filled at the
sample collection site with high-purity reagent water that has been transported to the field. After
collection, FXR bottles are sealed and placed in the same storage containers with samples from the
associated sampling event. The FXR samples are analyzed for volatile organic compounds only. The
FXRs are used to evaluate potential contamination caused by conditions in the field.
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Equipment blanks (EBs) are samples in which high-purity reagent water is passed through the pump or
placed in contact with the sampling surfaces of the equipment to collect blank samples identical to the
sample set that will be collected. The EB bottles are placed in the same storage containers with the
samples from the associated sampling event. The EB samples are analyzed for the same constituents as
the samples from the associated sampling event. The EBs are used to evaluate the effectiveness of the
cleaning process to ensure that samples are not cross-contaminated from previous sampling events.

For the field blanks (i.e., FTBs, FXRs, and EBs), results above two times the method detection limit are
identified as suspected contamination. However, for common laboratory contaminants such as acetone,
methylene chloride, 2-butanone, toluene, and phthalate esters, the limit is five times the method detection
limit.

Field duplicates, also known as replicates, are two samples that are collected as close as possible to the
same time and same location and they are intended to be identical. Field duplicates are stored and
transported together and are analyzed for the same constituents. The field duplicates are used to determine
precision for both sampling and laboratory measurements. The results of the field duplicates must have
precision within 20 percent, as measured by relative percent difference. Only field duplicates with at least
one result greater than five times the method detection limit or minimum detectable activity are evaluated.

Double-blind samples contain a concentration of analyte known to the supplier but unknown to the
analyzing laboratory. The laboratory is not informed that the samples are QC samples. The Soil and
Groundwater Remediation Project submits double-blind samples to assess analytical precision and
accuracy.

Laboratory Quality Control Samples
The laboratory QC samples (e.g., method blanks, laboratory control sample/blank spike, and matrix spike)
are defined in Chapter 1 of SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical
Methods, and will be run at the frequency specified in that reference unless superseded by agreement.

Quality Control Requirements
Table A-4 lists the acceptance criteria for QC samples.
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Table A-4. Field and Laboratory Quality Control Elements and Acceptance Criteria

a QC Acceptance Corrective
Method8  Element Criteria Action

General Chemical Parameters

MBb <MDL Flagged with "C"
Alkalinity
Chemical oxygen demand LCS 80-120% recoveryc Data reviewedd
Conductivity DUP 520% RPDc Data reviewedd
pH MS 6  75-125% recoveryc Flagged with "N"
Total organic carbon
Total organic halides EB, FTB <2 times MDL Flagged with "0"

Field duplicate 520% RPD' Flagged with "Q"

Ammonia and Anions

MB <MDL Flagged with "C"

LCS 80-120% recovery' Data reviewedd

Anions by IC DUP s20% RPDc Data reviewedd

MS 75-125% recoveryc Flagged with "N"

EB, FTB <2 times MDL Flagged with "Q"

Field duplicate s20% RPD' Flagged with "Q"

Metals

MB <CRDL Flagged with "C"

LCS 80-120% recoveryc Data reviewedd

ICP metals MS 75-125% recovery' Flagged with "N"
ICP/MS metals MSD 520% RPDc Data reviewedd

EB, FTB <2 times MDL Flagged with "Q"

Field duplicate 520% RPD' Flagged with "Q"

Semi-Volatile Organic Compounds

MB <2 times MDL Flagged with "B"

LCS Statistically derivedg Data reviewedd

MS Statistically derived Flagged with "N"

Phenols by GC MSD Statistically derivedg Data reviewedd

SUR Statistically derivedg Data reviewedd

EB, FTB <2 times MDL Flagged with "Q"

Field duplicate 520% RPD' Flagged with "Q"
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Table A-4. Field and Laboratory Quality Control Elements and Acceptance Criteria

QC Acceptance Corrective
Method' Element Criteria Action

a. Refer to Tables A-2 and A-3 for specific analytical methods.
b. Does not apply to pH.
c. Laboratory-determined, statistically derived control limits may also be used. Such limits are reported with the

data.
d. After review, corrective actions are determined on a case-by-case basis. Corrective actions may include

a laboratory recheck or flagging the data as suspect ("Y" flag) or rejected ("R" flag).
e. Applies to total organic carbon and total organic halides only.
f. Applies only in cases where one or both results are greater than 5 times the detection limit.
g. Determined by the laboratory based on historical data. Control limits are reported with the data.
h. For common laboratory contaminants such as acetone, methylene chloride, 2-butanone, toluene, and phthalate

esters, the acceptance criteria is <5 times the MDL.
CRDL = contract-required detection limit
MDL = method detection limit
QC = quality control
Data flags:
B, C = possible laboratory contamination (analyte was detected in the associated method blank)
N = result may be biased (associated matrix spike result was outside the acceptance limits)
Q = problem with associated field QC sample (blank and/or duplicate results were out of limits)
DUP = laboratory matrix duplicate
EB = equipment blank
FTB = full trip blank
FXR = field transfer blank
GC = gas chromatography
ICP = inductively coupled plasma
ICP/MS = inductively coupled plasma/mass spectrometry
LCS = laboratory control sample
MB = method blank
MDA = minimum detectable activity
MDL = method detection limit
MS = matrix spike
MSD = matrix spike duplicate
PCB = polychlorinated biphenyl
RPD = relative percent difference
SUR = surrogate

Table A-5 lists the acceptable recovery limits for the double-blind standards. These samples are prepared
by spiking Hanford Site background well water with known concentrations of constituents of interest.
Spiking concentrations range from the detection limit to the upper limit of concentration determined in
groundwater on the Hanford Site. Investigations shall be conducted for double-blind standards that are
outside of acceptance limits. The results from these standards are used to determine the acceptability of
the associated parameter data.
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Table A-5. Double-Blind Standard Constituents and Schedule
(Low-Level Waste Management Area I Constituents)

Accuracy Precision
Constituents Frequency (%)a (% RSD)a

Carbon tetrachloride Quarterly ±25% s25%

Chloroform Quarterly ±25% 525%

Trichloroethylene Quarterly ±25% s25%

Fluoride Quarterly ±25% 525%

Nitrate Quarterly ±25% 525%

Cyanide Quarterly ±25% s25%

Chromium Annually ±20% 520%

a. If the results are less than 5 times the required detection limit, then the criterion is that the difference of the
results of the replicates is less than the required detection limit.

RSD = relative standard deviation

Holding time is the elapsed time period between sample collection and analysis. The contractor's
environmental QA program plan provides a table with holding times. Exceeding the required holding
times could result in changes in constituent concentrations due to volatilization, decomposition, or other
chemical alterations. Recommended holding times depend on the analytical method, as specified in
SW-846 or Methods of Chemical Analysis of Water and Wastes (EPA/600/4-79/020). Data associated
with exceeded holding times are flagged with an "H" in the HEIS database. Data that exceed the holding
time shall be maintained but potentially may not be used in statistical analyses.

Additional QC measures include laboratory audits and participation in nationally based performance
evaluation studies. The contract laboratories participate in national studies such as the EPA-sanctioned
Water Pollution and Water Supply Performance Evaluation studies. The groundwater project periodically
audits the analytical laboratories to identify and solve quality problems, or to prevent such problems from
occurring. Audit results are used to improve performance, and the summaries of audit results and
performance evaluation studies are presented in the annual groundwater monitoring report.

Failure of QC will be determined and evaluated during data validation and the data quality assessment
process. Data will be qualified, as appropriate.

Instrument/Equipment Testing, Inspection, and Maintenance
Measurement and testing equipment used in the field or in the laboratory that directly affects the quality
of analytical data will be subject to preventive maintenance measures to minimize measurement system
downtime. Laboratories and onsite measurement organizations must maintain and calibrate their
equipment. Maintenance requirements (e.g., documentation of routine maintenance) will be included in
the individual laboratory and the onsite organization's QA plan or operating procedures (as appropriate).
Maintenance of laboratory instruments will be performed in a manner consistent with SW-846, or with
auditable DOE Hanford Site and contractual requirements. Consumables, supplies, and reagents will be
reviewed in accordance with SW-846 requirements and will be appropriate for their use.
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Instrument/Equipment Calibration and Frequency
Specific field equipment calibration information is provided in the environmental QA program plan.
Calibration is conducted using certified equipment or standards with a known valid relationship to
a nationally recognized performance standard. Analytical laboratory instruments and measuring
equipment are calibrated in accordance with the laboratory's QA plan.

Inspection/Acceptance of Supplies and Consumables
Supplies and consumables that are used in support of sampling and analysis activities are procured in
accordance with internal work requirements and processes that describe the contractor's acquisition
system and the responsibilities and interfaces necessary to ensure that items procured/acquired for
contractor meet the specific technical and quality requirements. The procurement system ensures that
purchased items comply with applicable procurement specifications. Supplies and consumables are
checked and accepted by users prior to use.

Supplies and consumables that are procured by the analytical laboratories are procured, checked, and used
in accordance with the laboratory's QA plan.

Non-Direct Measurements

Non-direct measurements include data obtained from sources such as computer databases, programs,
literature files, and historical databases. If evaluation includes data from historical sources, whenever
possible such data will be validated to the same extent as the data generated as part of this effort. All data
used in evaluations will be identified by source.

Data Management

The Sample Management and Reporting organization, in coordination with the project manager, is
responsible for ensuring that analytical data are appropriately reviewed, managed, and stored in
accordance with applicable programmatic requirements that govern data management procedures.
Electronic data access, when appropriate, will be via a database (e.g., HEIS or a project-specific
database). Where electronic data are not available, hardcopies will be provided in accordance with
Section 9.6 of the Tri Party Agreement Action Plan (Ecology et al. 1989b). The HEIS database will be
identified as a repository of data for the Hanford Facility Operating Record unit file.

All field activities will be recorded in the field logbook, or on appropriate data forms.

Laboratory errors are reported to the Sample Management and Reporting organization on a routine basis.
For reported laboratory errors, a sample disposition record will be initiated in accordance with contractor
procedures. This process is used to document analytical errors and to establish resolution of the errors
with the project manager. The sample disposition records become a permanent part of the analytical data
package for future reference and for records management.

Section C - Assessment and Oversight

The elements in this section address the activities for assessing the effectiveness of project
implementation and the associated QA and QC activities. The purpose of the assessment is to ensure that
the QAPjP is implemented as prescribed.
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Assessments and Response Actions

The contractor management, Regulatory Compliance, Quality, and/or Health and Safety organizations
may conduct random surveillances and assessments to verify compliance with the requirements outlined
in this QAPjP.

Oversight activities in the analytical laboratories, including corrective action management, are conducted
in accordance with the laboratories' QA plans. The primary contractor conducts oversight of offsite
analytical laboratories to qualify them for performing Hanford Site analytical work.

Reports to Management

Reports to management on data quality issues will be made if and when these issues are identified. Issues
reported by the laboratories are communicated to the Sample Management and Reporting organization,
which initiates a sample disposition record in accordance with contractor procedures. This process is used
to document analytical or sample issues and to establish resolution with the project manager.

Section D - Data Validation and Usability

The elements in this section address the QA activities that occur after the data collection phase of the
project is completed. Implementation of these elements determines whether the data conform to the
specified criteria, thus satisfying the project's objectives.

Data Review, Verification, and Validation
The criteria for verification may include review for completeness (e.g., all samples were analyzed as
requested), use of the correct analytical method/procedure, transcription errors, correct application of
dilution factors, appropriate reporting of dry weight versus wet weight, and correct application of
conversion factors. Laboratory personnel may perform data verification.

Verification and Validation Methods
The work activities shall follow documented procedures and processes for data validation and
verification, as summarized below. Validation of groundwater data consists of assessing whether the data
collected and measured truly reflect aquifer conditions. Verification means assessing data accuracy,
completeness, consistency, availability, and internal control practices to determine the overall reliability
of the data collected. Other data quality objectives that shall be met include proper chain-of-custody,
sample handling, use of proper analytical techniques as applied for each constituent, and the quality and
acceptability of the laboratory analyses conducted.

Groundwater monitoring staff perform checks on laboratory electronic data files for formatting, allowed
values, data flagging (i.e., qualifiers), and completeness. Hardcopy results are verified to check for
(1) completeness, (2) notes on condition of samples upon receipt by the laboratory, (3) notes on problems
encountered during analysis of the samples, and (4) correct reporting of results. If data are incomplete or
deficient, staff work with the laboratory to correct the problem found during the analysis.

The data validation process provides the requirements and guidance for validation of groundwater data
that are routinely collected. Validation is a systematic process of reviewing verified data against a set of
criteria (listed in Table A-4) to determine if the data are acceptable for their intended use.
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The results of laboratory and field QC evaluations, double-blind sample results, laboratory performance
evaluation samples, and holding-time criteria are considered when determining data usability. Staff
review the data to identify whether observed changes reflect changes in groundwater quality or potential
data errors, and they may request data reviews of laboratory, field, or water-level data for usability
purposes. The laboratory may be asked to check calculations or re-analyze the sample, or the well may be
resampled. Results of the data reviews are used to flag the data appropriately in the HEIS database
(e.g., "R" for reject, "Y" for suspect, or "G" for good) and/or to add comments.

Reconciliation with User Requirements

The data quality assessment process compares completed field sampling activities to those proposed in
corresponding sampling documents and provides an evaluation of the resulting data. The purpose of the
data evaluation is to determine if quantitative data are of the correct type and are of adequate quality and
quantity to meet the project data quality objectives. The project manager is responsible for determining if
data quality assessment is necessary and for ensuring that, if required, one is performed. The results of the
data quality assessment will be used in interpreting the data and determining if the objectives of this
activity have been met.
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Executive Summary

The Low-Level Waste Management Area (LLWMA) 2, which consists of the 218-E- 1 2B

Burial Ground, is regulated via Washington State's "Hazardous Waste Management

Act"1 and its implementing requirements in Washington Administrative Code

(WAG) 173-303-400.2 The Washington State Department of Ecology has been

authorized by the U.S. Environmental Protection Agency 3 to conduct its hazardous waste

regulatory program in lieu of the Resource Conservation and Recovery Act of 1976.4

This document replaces PNNL-14859, 5 as well as the two subsequent interim change

notices, 6' 7 to incorporate changes that have occurred at LLWMA-2 since the previous

plan was written.

This document presents the groundwater monitoring plan for LLWMA-2. The plan

addresses the following: (1) adequacy and attributes of the wells monitoring the

groundwater at LLWMA-2; (2) sampling requirements and schedule; (3) constituents,

groundwater parameters, and analytical methods necessary to determine whether past

releases from the LLWMA are affecting groundwater quality; (4) procedures for

evaluating groundwater quality data; and (5) reporting requirements.

This groundwater monitoring plan is the principal controlling document for conducting

groundwater monitoring at LLWMA-2.

1 RCW 70.105, "Hazardous Waste Management," Revised Code of Washington.
2 WAC 173-400, "Dangerous Waste Regulations," "Interim Status Facility Standards," Washington Administrative

Code.
3 Authorized State Hazardous Waste Programs, 42 U.S.C. 6926, et seq.
4 Resource Conservation and Recovery Act of 1976, 42 U.S.C. 6901, et seq.
5 PNNL-14859, 2004, Interm Status Groundwater Monitoring Plan for Low-Level Waste Management Areas I to 4,

RCRA Facilities, Hanford, Washington, Rev. 0, Pacific Northwest National Laboratory, Richland, Washington.
6 PNNL-14859-ICN-1, 2006, Interim Status Groundwater Monitoring Plan for Low-Level Waste Management

Areas 1 to 4, RCRA Facilities, Hanford, Washington, Interim Change Notice 1, Pacific Northwest National
Laboratory, Richland, Washington.

7 PNNL-14859-ICN-2, 2007, Interim Status Groundwater Monitoring Plan for Low-Level Waste Management
Areas 1 to 4, RCRA Facilities, Hanford, Washington, Interim Change Notice 2, Pacific Northwest National
Laboratory, Richland, Washington.
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1 Introduction

Low-Level Waste Management Area (LLWMA) 2 is located in the northeastern corner of the 200 East
Area (Figure 1-1) of the Hanford Site and consists of the 218-E- 1 2B Burial Ground, which contains
39 unlined trenches. The LLWMA-2 began receiving waste in 1967 and continues to receive U.S. Navy
vessel reactor compartments in Trench 94. The other 38 trenches contain mainly unsegregated waste and
low-level waste that have been covered with soil. The dangerous waste and dangerous waste constituents
in the low-level mixed waste portions of LLWMA-2 are regulated under Washington Administrative Code
(WAC) 173-303, "Dangerous Waste Regulations." A Resource Conservation and Recovery Act of 1976
(RCRA) groundwater monitoring program for LLWMA-2 was initiated in 1987 (WHC-SD-EN-AP-015,
Revised Ground-Water Monitoring Planfor the 200 Areas Low-Level Burial Grounds) based on the
interim status monitoring requirements of 40 Code ofFederal Regulations (CFR) 265, Subpart F
("Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
Disposal Facilities," "Ground-Water Monitoring") and WAC 173-303-400 ("Interim Status Facilities").
The LLWMA-2 has remained under indicator evaluation monitoring since that time. The objectives for
continued indicator evaluation monitoring at LLWMA-2, as required by 40 CFR 265.92(d) ("Sampling
and Analysis") are to determine the following:

* Concentrations of specified groundwater quality parameters (annually)
* Concentrations of groundwater contamination indicator parameters (semiannually)
* Elevation of the water table

The scope of this groundwater monitoring plan is to obtain the necessary groundwater data to satisfy
these objectives.

This document replaces the previous monitoring plan (PNNL-14859, Interim Status Groundwater
Monitoring Plan for Low-Level Waste Management Areas 1 to 4, RCRA Facilities, Hanford, Washington)
and includes several activities that have occurred at LLWMA-2 since that plan was issued. Chapter 2
summarizes background information, with reference to other documents for more detailed information.
Chapter 2 also describes LLWMA-2 and the types of waste present, provides a brief history of
groundwater monitoring, and describes the geology and hydrology pertinent to the LLWMA. This
information is summarized as a site conceptual model to aid in developing the groundwater
monitoring program.

Chapter 3 describes the RCRA groundwater monitoring program, including the wells in the monitoring
network, constituents analyzed, sampling frequency, and sampling protocols. Chapter 4 describes data
evaluation and reporting, and Chapter 5 contains references. The quality assurance project plan (QAPjP)
is provided in Appendix A.
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Figure 1-1. Low-Level Waste Management Area 2 in the 200 East Area
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2 Background

This chapter presents the LLWMA-2 facility and its operating history, the waste and waste characteristics
associated with the site, the local geology and hydrology, a summary of previous monitoring of the
groundwater and vadose zone contamination, and the conceptual model for groundwater flow and
contaminant migration. The discussion in this chapter is summarized from earlier characterization
activities reported in the following documents:

" BHI-00178, PUREXPIant Aggregate Area Management Study Technical Baseline Report

" BHI-01 177, Borehole Summary Report for the 216-B-2-2 Ditch

" BHI-01239, 200-CW-1 Gable/B-Pond and Ditches Cooling Water Waste Group Remedial
Investigation DQO Summary Report

* DOE/RL-93-74, 200-BP-11 Operable Unit RFI/CMS and 216-B-3 Main Pond, 216-B-63 Trench,
and 216-A-29 Ditch Work/Closure Plan

" DOE/RL-2000-35, 200-CW-1 Operable Unit Remedial Investigation Report

" DOE/RL-2004-60, 200-SW-I Nonradioactive Landfills Group and 200-SW-2 Radioactive Landfills
Group Operable Units Remedial Investigation/Feasibility Study Work Plan

" PNL-6820, Hydrogeology of the 200 Areas Low-Level Burial Grounds - An Interim Report

" PNNL- 11470, Hanford Site Groundwater Monitoring for Fiscal Year 1996

" PNNL- 11800, Composite Analysis for Low-Level Waste Disposal in the 200 Area Plateau of the
Hanford Site

* PNNL-14187, Hanford Site Groundwater Monitoring for Fiscal Year 2002

* PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-East Area and
Vicinity, Hanford Site, Washington

" PNNL-14859, Interim Status Groundwater Monitoring Plan for Low-Level Waste Management
Areas 1 to 4, RCRA Facilities, Hanford Washington

* RHO-CD-673, Handbookfor 200 Area Waste Sites

* WHC-MR-0204, 200E & 200 WAreas Low Level Burial Grounds Borehole Summary Report

* WHC-MR-0207, Borehole Completion Data Package for the 216-B-63 Trench - 1990

* WHC-SD-EN-AP-015, Revised Ground-Water Monitoring Plan for the 200 Areas Low-Level
Burial Grounds

* WHC-SD-EN-DP-044, 1991 Borehole Completion Data Package for the Low-Level Burial Grounds

* WHC-SD-EN-DP-049, 1992 Borehole Completion Data Package for the Low-Level Burial Grounds

" WHC-SD-WM-TI-260, Water Inflow Investigation at the 218-E-12A and 218-E-12B Burial Grounds

* WHC-SD-EN-TI-290, Geologic Setting of the Low-Level Burial Grounds
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2.1 Facility Description and Operational History
The following summary was obtained from DOE/RL-2004-60, PNL-6820, WHC-SD-WM-Tl-260, and
the Waste Information Data System. The operational history discussed below also includes a brief
description of adjacent sites.

The LLWMA-2 is located in the northeastern corner of the 200 East Area (Figure 1-1). The LLWMA-2
began service in 1967 and consists of the 218-E-12B Burial Ground (approximately 73.7 ha [182 ac]).
The 218-E-12B Burial Ground was expanded from approximately 27 ha [66.7 ac] to contain 34 trenches
and up to a potential for 138 trenches, 40 of which store waste (Figure 2-1). The landfill continues to
receive U.S. Navy vessel reactor compartments in Trench 94. The other 39 trenches contain mainly
unsegregated waste and low-level waste that have been covered with soil. Two trenches contain
retrievably stored waste.

Trnch 9_4

LEGEND
Trench Number [~ Radioactive Waste a Passive Vapor Sample (IX, Stage 3)
Year Last Filled Post-August 19,1987 MIxed Waste * Direct Push Borehole
Trench in Service m Retrievably Stored Waste UPR - Unpianed Release
Unused Trench Area 0 Groundwater Wells Available for + Decommissioned Wells

[ Unused Waste Area Sampling

Years of Operation (21 "-8): 1958-59
Years of Operation (2184-128): 1967 - Present

Figure 2-1. 218-E-10 Burial Ground at Low-Level Waste Management Area 2
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The 40 used, unlined trenches vary in length from 288 to 381 m (944 to 1,250 ft). All of the trenches are
in a north-south orientation, except Trench 94 (Figure 2-1). Thirty-four of the trenches are located in the
southeastern portion of the burial ground. Trench 94 is located in the northeast portion of the burial
ground, and five other trenches are located to the west of Trench 94. The western portion of the burial
ground has not been used.

During the operational history of the 218-E-12B Burial Ground, one unplanned release of diesel fuel was
reported in Trench 94 in 1995 (e.g. waste site 200-E-8). Analytical results confirmed that the spill was
#2 diesel fuel. The impacted soil was excavated and disposed.

Hanford Site history has documented the following adjacent sites, which have impacted the environment:
216-B-2-1 Ditch, 216-B-2-2 Ditch, 216-B-2-3 Ditch, 200-E-53 contaminated zone, and the 200-E burn
pit. The three unlined ditches associated with unplanned releases were located to the south of LLWMA-2.
One of the unplanned releases in 1986 associated with the 216-B-2-3 unlined ditch caused cooling water
to enter into Trench 37 of the 218-E-12B Burial Ground (WHC-SD-WM-TI-260). Information on the
releases associated with these unlined ditches is provided in Section 2.3.

The 200-E-53 contaminated zone, located to the east of the southern portion of LLWMA-2 and north of
the 216-B-2-1 through 216-B-2-3 Ditches, was first documented in 1987. The source of the contamination
is unknown. Further information is provided in Section 2.3.

The 200-E burn pit, located to the east of southern portion of LLWMA-2, apparently began operations in
1950 and was associated with eliminating construction and office waste, as well as paint and chemical
solvent waste. Further information is provided in Section 2.3.

2.2 Regulatory Basis
In May 1987, the U.S. Department of Energy (DOE) issued a final rule (10 CFR 962, "Byproduct
Material") stating that the hazardous waste components of mixed waste are subject to RCRA regulations.
In November 1987, the U.S. Environmental Protection Agency (EPA) authorized the Washington State
Department of Ecology (Ecology) to regulate these hazardous waste components within the State of
Washington (51 FR 24504, "EPA Clarification of Regulatory Authority Over Radioactive Mixed
Waste"). In 1996, the Washington State Attorney General determined that the effective date of mixed
waste in Washington State was August 19, 1987.

In May 1989, DOE, EPA, and Ecology signed the HanfordFederal Facility Agreement and Consent
Order (Tri-Party Agreement) (Ecology et al. 1989). This agreement established the roles and
responsibilities of the agencies involved in regulating and controlling remedial restoration of the Hanford
Site, which includes LLWMA-2. Groundwater monitoring is conducted at LLWMA-2 in accordance with
WAC 173-303-400(3) (and by reference, 40 CFR 265, Subpart F), which requires monitoring to
determine whether dangerous waste or dangerous waste constituents from the waste site have entered the
groundwater. A RCRA groundwater monitoring program for LLWMA-2 was initiated in 1987
(WHC-SD-EN-AP-0 15) based on the interim status monitoring requirements of 40 CFR 265, Subpart F
and WAC 173-303-400 and continues today.

2.3 Waste Characteristics
This section describes the waste disposed at 218-E-12B Burial Ground, unplanned releases adjacent to the
burial ground, and contaminated zones adjacent the burial ground. The information was obtained from
DOE/RL-2004-60, DOE/RL-2000-35, WHC-SD-WM-TI-260, BHI-00178, BHI-01177, RHO-CD-673,
and the Waste Information Data System database.
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The 218-E-12B Burial Ground contains solid unsegregated and low-level radiological waste. Examples of
waste disposed in this burial ground include general trash, failed equipment, vent risers, filter boxes,
liquid-level risers from the 216-B-14 Crib, and strontium-90-contaminated soil dredged from the
216-B-63 Ditch. The waste was generated primarily from the Plutonium-Uranium Extraction Plant,
B Plant, and the 200 East Area tank farms (DOE/RL-2004-60).

Waste disposal at LLWMA-2 was generally dumped directly from trucks or was contained in cardboard
cartons.8 Historical documentation indicates that waste trenches were backfilled on a daily or weekly
basis. No unplanned releases have been reported within the 218-E-12B Burial Ground. Herbicide
application has been used to mitigate radioactive uptake by deep-rooted plant growth (DOE/RL-2004-60).

In 1986, water was observed in the 218-E-12B Burial Ground's Trench 36, which had not received any
waste. It was determined that the water was from the unlined 216-B-2-3 Ditch. Seven investigation
trenches and boreholes were used to determine the vertical and horizontal extent of released water. Based
on the results of the investigation, only LLWMA-2 waste in the southern 19.8 m (65 ft) of Trench 37
(e.g., the westernmost trench in the southern portion of the 218-E-12B Burial Ground) had been contacted
by the released water.

Two unplanned releases (UPR-200-E-32 and UPR-200-E-138) associated with the 216-B-2-1 and
216-B-2-2 Ditches were located to the south of LLWMA-2 and north of the 216-B-2-3 Ditch. Several
inorganic chemicals are associated with the liquid disposed to these ditches, but the most prominent
are sulfate and nitrate compounds (although chloride and carbonate compounds are also present)
(DOE/RL-93-74).

The unplanned release at the 216-B-2-1 Ditch was associated with product via a storage tank coil leak
in 1963. The total release volume, including decontamination flushing water, was approximately
4.9 million L (1.3 million gal). The extent of the contaminants is not known; however, a comparison of
the release volume to the pore volume suggests that mobile contaminants have the potential to reach
the groundwater.

The 216-B-2-2 Ditch received B Plant storage tank 8-1 condensate in 1970. The extent of the
contamination is not known; however, a comparison of the release volume to the pore volume suggests
that the effluent has the potential to reach the groundwater (DOE/RL-93-74). Subsequent remedial
investigation results from the 216-B-2-2 Ditch indicated that elevated sulfate, nitrate, and chloride are
present in the vadose zone soils. Sulfate had the highest reported maximum concentration (678 mg/kg),
followed by nitrate with a maximum value of 330 mg/kg. The maximum concentration for chloride was
10.9 mg/kg (DOE/RL-2000-35). Four zones of increased moisture were also found at depths of 53 m,
54.9 m, 56.7 m, and 64.6 m (174 ft, 180 ft, 186 ft, and 212 ft) below ground surface (bgs). The first three
zones correlate with probable thin silt horizons, and the fourth zone correlates with a potentially cemented
sand interval (BHI-01 177).

The 200-E-53 contaminated zone is located east of the southeast portion of the 218-E-12B Burial Ground
and north of the 216-B-2 Ditches. No characterization sample results associated with this site were found.

The 200-E burn pit is a large depression with sparse vegetation located east of the southeast portion of
LLWMA-2 and north of the 216-B-2 Ditches. The site received 1,500 m3 (52,972 ft3) of construction and
office waste, paint wastes, and chemical solvents. This site was also used for a detonation event in 1984
for the disposal of unstable liquids. The chemicals detonated included: butoxyehtanol, dioxane,

8 Information obtained from the Solid Waste Information and Tracking System database.
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1,4-dioxane, hydrogen peroxide, isopropyl ether, methyl ethyl ketone, phosphoric acid, polyethylene
glycol monoethyl ether, and sodium azide (BHI-00178).

2.4 Geology and Hydrogeology
The geology and hydrology of the 200 East Area, including the area of LLWMA-2, are described in
detail in PNL-6820 and WHC-SD-EN-TI-290. Other reports providing significant information include
PNNL-12261, WHC-MR-0204, WHC-MR-0207, WHC-SD-EN-AP-015, WHC-SD-EN-DP-044, and
WHC-SD-EN-DP-049. The following discussion summarizes the information from these reports.
This section also identifies the uppermost aquifer and the aquifers hydraulically interconnected
beneath LLWMA-2.

In the past, LLWMA-2 underlying sediments, from the ground surface to the top of the basalt, were
interpreted as Hanford formation sediments (PNL-6820). More recently, three Hanford units were defined
beneath LLWMA-2 (Figure 2-2): the Hanford upper gravel unit (HI), the Hanford intermediate sand unit
(H2), and the Hanford lower gravel unit (H3) (WHC-SD-EN-TI-290). Although these units were defined
on the basis of the dominant lithology, significant subordinate lithologies are intercalcated in each unit.
For example, the upper gravel unit, which thickens to the north and east, has silt-rich interbeds up to
1 m (3.3 ft) in thickness. These silt horizons are continuous to distances of several hundred meters and are
capable of generating perched water conditions. This may have contributed to the northeastern migration
of water from the 216-B-2-3 release (WHC-SD-WM-TI-260). The middle sand unit is the thickest in the
southwestern portion of the 218-E-12B site and pinches out toward the east and north (Figure 2-2). The
H2a (which is a transition zone between units H2 and H3) in Figure 2-2 represents a downward coursing
of the Hanford sand unit where gravel horizons up to 6.1 m (20 ft) thick are present. The silt interbeds
described in the Hanford upper gravels are also present in the lower gravels. The Hanford lower gravels
extend into the unconfined aquifer and overly the Elephant Mountain Basalt.

The suprabasalt sediment beneath LLWMA-2 ranges from 54 m (177 ft) to more than 79.5 m (262 ft)
thick. The water table as of June 2009 has ranged from 62.2 to 74.5 m (204 to 244.5 ft) bgs. Historically,
the water table level was approximately 3.1 m (10 ft) higher in the late 1960s and 1980s due to peak
production at the Hanford Site and associated artificial recharge. Initial transmissivity measurements from
LLWMA-2 boreholes varied from 1,300 m2/day (14,000 ft2/day) in well 299-E34-3 to 7,900 m2/day
(85,000 ft2/day) in well 299-E34-2. Due to the permeable nature of aquifer sediments, the groundwater
gradient has historically been very small beneath LLWMA-2 (Figure 2-3). The groundwater flow
direction beneath the LLWMA over the last 5 years has predominantly been reported as west-southwest
in annual groundwater reports.

Underlying the suprabasalt sediments is the Elephant Mountain Member of the Saddle Mountains Basalt
Formation. During the drilling of LLWMA-2 wells, some of the drilling extended into the upper portion
of the Elephant Mountain Basalt. Examination of basalt drill cuttings found no vesicles in basalt chips
from two wells (PNL-6820). Based on this information, it was concluded that past fluvial events removed
part, to the entire, flow top from the Elephant Mountain Basalt in this area. This substantiates earlier
conclusion that the Elephant Mountain Member acts hydrologically as an aquiclude, confining the
underlying Rattlesnake Ridge aquifer.
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2.5 Summary of Previous Groundwater Monitoring
Groundwater monitoring was initiated at the LLWMA-2 in 1987 in accordance with
WHC-SD-EN-AP-0 15. The groundwater beneath LLWMA-2 is sampled semiannually for indicator
and groundwater quality parameters. Water levels are measured during each sampling event, as well
as annually in March, as part of a comprehensive water-level measurement campaign. Groundwater
monitoring results are summarized and presented in annual Hanford groundwater monitoring reports
(i.e., DOE/RL-2008-66, Hanford Site Groundwater Monitoring for Fiscal Year 2008).

The first eight RCRA-compliant monitoring wells were installed at LLWMA-2 in 1987. The initial
network consisted of four upgradient wells and four downgradient wells. The initial flow direction was
considered to the west and southwest. Additional wells were installed in 1989 (three wells), 1990
(one well), 1991 (three wells), and 1992 (two wells). The well screens extend from above the unconfined
aquifer to various depths within the aquifer. All of the northern and eastern wells have gone dry over the
past two decades for two reasons: (1) the basalt elevation is relatively high compared to the water table
elevation beneath the northern and eastern portions of the burial ground, and (2) the water table level has
continued to decline due to termination of Hanford Site production operations and effluent releases. The
nine remaining active network monitoring wells are located along the southern and western boundary of
the burial ground (Figure 2-1). The active wells monitor the upper portion of the aquifer and extend
between 1.24 and 2.78 m (4.07 and 9.12 ft) into the aquifer.

Background monitoring at LLWMA-2 began in 1988, and initial background comparison values for
indicator parameters (e.g., total organic carbon [TOC], total organic halides [TOX], pH, and specific
conductivity) were established in 1989 using four quarters of data from upgradient wells 299-E27-10 and
299-E34-5 (PNNL- 11470). Since September 1989, groundwater monitoring has been conducted primarily
on a semiannual basis, except for the period between June 1990 and June 1991, when laboratory services
were unavailable.

The local groundwater flow direction over the past 5 years has been reported to the west based on small
differences within select wells along the southern boundary of LLWMA-2. However, over this same time
period, other well groupings portray different groundwater flow directions. According to the Water-Level
Monitoring Plan for the Hanford Site Soil and Groundwater Remediation Project, Hanford Site
(SGW-38815), small measurement errors can have large effects on determining flow direction and
velocity where the horizontal gradient is less than 0.001, as is the case for LLWMA-2. Therefore, the
annual reports over this timeframe have added observations of mobile anion movement to depict flow
direction. The nitrate- and sulfate-derived groundwater flow over the past 5 years has been reported to
the southwest.

The derived background comparison value (i.e., critical mean) for all of the indicator parameters has been
exceeded periodically throughout the history of detection monitoring. The downgradient wells that have
exceeded the critical mean were explained by laboratory issues or sample collection errors. Upgradient
wells (e.g., 299-E34-7) that exceeded the critical mean have been associated with either leaching or
infiltration processes within the vadose zone (PNNL-14187). (Note that the source of infiltration has not
been determined to date.) Well 299-E34-7, which is now dry, previously exceeded the critical mean for
specific conductance, TOC, and TOX. The specific conductance was attributed mainly to sulfate,
chloride, nitrate, and calcium. The TOC was consistent with subsequent oil/grease and total petroleum
hydrocarbon results; however, later volatile and semivolatile analyses did not provide evidence for
a specific contaminant. Likewise, no subsequent analytical contaminant result was able to be linked to the
TOX results. Water level decline by 2005 caused well 299-E34-7 to be declared dry. Well 299-E27-10,
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located to the southwest of well 299-E34-7, also exhibits some of the same characteristics described for
well 299-E34-7.

The groundwater monitoring activities at LLWMA-2 currently consist of water-level monitoring and
chemical constituent monitoring. The LLWMA-2 is sampled semiannually from a network of nine wells.
Samples are analyzed semiannually for the indicator parameters, anions, and metals; samples are analyzed
annually for alkalinity, mercury, lead, and phenols. Water-level measurements are collected each
sampling event and in March for Hanford Sitewide monitoring. Regional water-level measurements have
also been collected monthly since March 2008. Water levels will continue to be collected regionally on
a monthly basis for an undetermined time period to resolve the groundwater gradient in the area with
respect to high disposal discharges at the 200 Area Treated Effluent Disposal Facility, high Columbia
River stages, and times when those influences are not present.

2.6 Conceptual Model
This section describes the LLWMA-2 conceptual model for potential contaminant transport to guide
future groundwater monitoring. The conceptual model for contaminant release and transport is based on
the following assumptions:

* Engineered barriers are not taken into account, so the model is applicable to unlined trenches.

* Average precipitation and net infiltration (5 to 10 cm/year [2 to 3.9 in./year]) prevail over the time
period of interest.

* Net infiltration is assumed to occur under gravity drainage.

* Maximum vertical hydraulic conductivity in the vadose zone is assumed to be significantly larger
than the net infiltration rate.

* The effective saturated porosity in the vadose zone is equal to the moisture content.

* Leaching of mobile contaminants from buried waste in unsealed containers, or.contaminated soils
in direct contact with the trench, is assumed to be the major potential source for contamination.

* There are no artificial sources of water (e.g., leaking potable or raw water lines, based on
Hanford Site drawings).

* Extreme conditions or accidental releases are recognized as factors but would be addressed under
emergency response/corrective actions.

2.6.1 Geochemical Considerations
The solubility and subsequent mobility of waste constituents in pore fluid depend on the container,
chemical nature of the waste constituents, and natural subsurface geochemical conditions.

Pore fluid in the unsaturated and saturated zones beneath LLWMA-2 is slightly alkaline (7 < pH < 8),
with appreciable amounts of bicarbonate and very little natural organic material. The lack of organic
material indicates that conditions generally are oxidizing. Calcium carbonate is also abundant in vadose
zone sediment. These general conditions favor sorption or retardation of many heavy metals and favor
formation of anionic species, which enhances mobility for other metals (e.g., hexavalent chromium).
Laboratory sorption studies have documented these effects and related mobility issues in Hanford Site
media (e.g., PNNL-1 1800).
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Based on the total beta, strontium-90, and gamma energy analysis samples collected beneath LLWMA-2
in 1986 (associated with the 216-B-2-3 release), significant contaminant migration from LLWMA-2
appears unlikely (Figure 2-4). The sediment results indicated a general decrease in concentration with
depth from the trench bottoms; however, increased concentrations were reported in the deepest sample
results. This appears consistent with the conclusion of WHC-SD-EN-TI-260 regarding the elevated
gamma results being associated with water migration from the 216-B-2-3 Trench and not the
218-E-12B Burial Ground.
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2.6.2 Soil Moisture Factors
Direct precipitation is the primary driver for hypothetical leaching of waste constituents from the burial
ground trenches and subsequent transport to groundwater. Contaminants in soil disposed to the trench or
waste in degradable containers (e.g., cardboard boxes) subject to collapse are assumed to be leachable.

The amount of natural infiltration that can pass through the leachable buried waste and drain to the water
table is controlled by the texture of the cover and backfill, as well as the degree of vegetative cover.
Stratigraphic features in the soil column beneath the buried waste can also influence or retard downward
migration by spreading the soil moisture laterally.

Most of the burial ground trenches are backfilled with the natural excavation materials (Hanford
formation) consisting of coarse gravel, cobbles, and some interstitial sand. Some amounts of vegetation
exist on the established backfilled areas and on the unused portions of LLWMA-2.

A coarse, sparse to moderately vegetated cover material allows a moderate to major fraction of the
precipitation to infiltrate and potentially drain to the groundwater. It is estimated that recharge rates at
the Hanford Site range from near 0 mm/year at highly vegetated sites to greater than 50 mm/year at
gravel-covered nonvegetated sites (PNNL- 14702, Vadose Zone Hydrogeology Data Packagefor
Hanford Assessments).

2.6.3 Hydrogeologic Considerations
A discussion on hydrology is provided in Section 2.4. The vadose zone (e.g., ground surface to water
table) beneath LLWMA-2 ranges from 54 m (177 ft) to more than 79.5 m (262 ft) bgs. The lithology of
the vadose zone consists of the Hanford formation (e.g., upper gravel-dominated sequence, intermediate
sand sequence, and a lower gravel sequence). Interbeds of sand and silt facies are present in each of the
sequences and have the potential for generating perched aquifer (WHC-SD-EN-TI-290). These fine-
grained facies also create conditions for retarding downward movement of contaminants. If the same
northeast dip exists in these fine-grained sediments (which has been identified in many other sites in the
200 East Area), then lateral spreading within or on top of this unit may preferentially be toward the
north-northeast.

If contaminants do breakthrough to groundwater beneath LLWMA-2, contaminants currently would
move toward the southwest. This direction is based on the observed migration of nitrate and sulfate
over the past 5 years and not on the subtle differences in water elevations along the southern boundary
of LLWMA-2.

2.7 Data Quality Objectives
To define the required information for groundwater detection monitoring, the data quality objectives
(DQO) process is used to ensure that data gathered are of appropriate quantity and quality to meet specific
objectives. The DQO parameters, regulatory interim status requirements, and associated reports
supporting regulatory requirements are outlined in Table 2-1.
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Table 2-1. Data Quality Objectives at RCRA Sites Monitoring for Indicator Parameters

Plan Criteria and
DQO Related Associated

Parameter Requirements Historical Documentation

Scope RCRA interim status ground-water monitoring at sites
where no impact to ground-water has been identified.
Related requirements are found in WAC 173-303-400(3)
and 40 CFR 265.90 through 265.94, as modified by
WAC 173-303-400(3)(b) and WAC 173-303-400(3)(c)(v).

Number and 40 CFR 265.91 Ground-Water Monitoring System. This plan, Section 3.2
location of wells (a) A ground-water monitoring system must be capable of PNNL-14859, Interim Status
Point(s) of yielding ground-water samples for analysis and must Groundwater Monitoring Plan
compliance. consist of: for Low-Level Waste

(1) Monitoring wells (at least one) installed hydraulically Management Areas 1 to 4,
upgradient (i.e., in the direction of increasing static head) RCRA Facilities, Hanford,
from the limit of the waste management area. Their Washington
number, locations, and depths must be sufficient to yield PNNL-14859-ICN-1
ground-water samples that are: PNNL-14859-ICN-2
(i) Representative of background ground-water quality in
the uppermost aquifer near the facility; and

(ii) Not affected by the facility; and

(2) Monitoring wells (at least three) installed hydraulically
downgradient (i.e. in the direction of decreasing static
head) at the limit of the waste management area. Their
number, locations, and depths must ensure that they
immediately detect any statistically significant amounts of
hazardous waste or hazardous waste constituents that
migrate from the waste management area to the
uppermost aquifer.

Well configuration 40 CFR 265.91 Ground-Water Monitoring System. This plan, Section 3.2
(depth and length of (c) All monitoring wells must be cased in a manner that PNNL-14859, Interim Statusscreened interval; maintains the integrity of the monitoring well borehole. This Groundwater Monitoring Planwell construction) casing must be screened or perforated, and packed with for Low-Level Waste

gravel or sand where necessary, to enable sample Management Areas 1 to 4,
collection at depths where appropriate aquifer flow zones RCRA Facilities, Hanford,
exist. The annular space (i.e., the space between the Washington
borehole and well casing) above the sampling depth must PNNL-14859-ICN-1
be sealed with a suitable material (e.g., cement grout or
bentonite slurry) to prevent contamination of samples and PNNL-14859-ICN-2
the ground-water.

Additional requirements for
WAC 173-303-400 (3)(c)(v)(C).
Ground-water monitoring wells must be designed,
constructed, and operated so as to prevent ground-water
contamination. WAC 173-160 may be used as guidance in
the installation of wells.
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Table 2-1. Data Quality Objectives at RCRA Sites Monitoring for Indicator Parameters

Plan Criteria and
DQO Related Associated

Parameter Requirements Historical Documentation

Frequency of 40 CFR 265.92 Sampling and Analysis. This plan, Section 3.1 and
sampling (b) The owner or operator must determine the Appendix A
Types of analysis or concentration or value of the following parameters in PNNL-14859, Interim Status
measurement ground-water samples in accordance with paragraphs (c) Groundwater Monitoring Plan
Method detection and (d) of this section: for Low-Level Waste
limits or accuracy (1) Parameters characterizing the suitability of the Management Areas I to 4,
and precision. ground-water as a drinking water supply, as specified RCRA Facilities, Hanford,

in Appendix Ill. Washington

[Note: Have not listed these parameters because, in PNNL-14859-ICN-1
accordance with 40 CFR 265.92(c)(1) below, these PNNL-14859-ICN-2
analyses are conducted only during the first year. None of
the RCRA sites is in its first year of monitoring.]
(2) Parameters establishing ground-water quality:

(i) Chloride

(ii) Iron
(iii) Manganese
(iv) Phenols
(v) Sodium
(vi) Sulfate

[Comment: These parameters are to be used as a basis for
comparison in the event a groundwater quality assessment
is required under 40 CFR 265.93(d).]

(3) Parameters used as indicators of ground-water
contamination:

(i) pH

(ii) Specific conductance

(iii) Total organic carbon

(iv) Total organic halides

(c)(1) For all monitoring wells, the owner or operator must
establish initial background concentrations or values of all
parameters specified in paragraph (b) of this section. The
owner or operator must do this quarterly for one year.
(2) For each of the indicator parameters specified in
paragraph (b)(3) of this section, at least four replicate
measurements must be obtained for each sample and the
initial background arithmetic mean and variance must be
determined by pooling the replicate measurements for the
respective parameter concentrations or values in samples
obtained from upgradient wells during the first year.
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Table 2-1. Data Quality Objectives at RCRA Sites Monitoring for Indicator Parameters

Plan Criteria and
DQO Related Associated

Parameter Requirements Historical Documentation

40 CFR 265.92 Sampling and Analysis (cont'd).

(d) After the first year, all monitoring wells must be sampled
and the samples analyzed with the following frequencies:

(1) Samples collected to establish ground-water
quality must be obtained and analyzed for the parameters
specified in paragraph (b)(2) of this section at
least annually.

(2) Samples collected to indicate ground-water
contamination must be obtained and analyzed for the
parameters specified in paragraph (b)(3) of this section at
least semiannually.

(e) Elevation of the ground-water surface at each
monitoring well must be determined each time a sample
is obtained.

Methods used to 40 CFR 265.93 Preparation, Evaluation, and Response. This plan, Section 4.2 and
evaluate the (b) For each indicator parameter specified in 40 CFR Appendix A
collected data 265.92(b)(3), the owner or operator must calculate the PNNL-14859, Interim Status

arithmetic mean and variance, based on at least four Groundwater Monitoring Plan
replicate measurements on each sample, for each well for Low-Level Waste
monitored in accordance with 40 CFR 265.92(d)(2), and Management Areas I to 4,
compare these results with its initial background arithmetic RCRA Facilities, Hanford,
mean. The comparison must consider individually each of Washington
the wells in the monitoring system, and must use the PNNL-14859-ICN-1
Student's t-test at the 0.01 level of significance (see
Appendix IV) to determine statistically significant increases PNNL-14859-ICN-2
(and decreases, in the case of pH) over initial background.

Notes:

The references cited in this table are listed in the reference section (Chapter 5) of this plan.

CFR = Code of Federal Regulations
DQO = data quality objective

RCRA = Resource Conservation and Recovery Act of 1976

WAC = Washington Administrative Code

The assumptions regarding LLWMA-2 groundwater monitoring based on historical observations and the
recent Groundwater Monitoring Needs Assessment for Low-Level Burial Grounds Waste Management

Areas (SGW-40037) are as follows:

* The groundwater monitoring program described in PNNL-14859 (and interim change notices) does
not meets the requirements of 40 CFR 265.90(b), "Applicability," based on a southwest flow
direction because there is no true upgradient well.

* Elevated specific conductance and TOC in the southeast wells (e.g., 299-E27-9 and 299-E27-10)
are driven primarily by sulfate, calcium, chloride, and nitrate from an unknown source.
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e The western, unused portion of LLWMA-2 will be procedurally closed (Figure 2-1).

e Four new wells will be installed for the LLWMA (two wells along the eastern boundary as upgradient
wells, and two wells along the western boundary as downgradient wells) (Figure 2-5).

-k-6Proposed WO $*a Trench 942"E414

(05077
1 ie rpf~ WlWSt

200-SP-5
Proposed Well Site
299-E34-14
107557)

LEGEND
Trench Number { Radioactive Waste a Passive Vapor Sample (lX, Stage 3)

M3Year Last Filled Post-August 19, 1987 Mixed Waste + Direct Push Borehole
M Trench In Service Retrievably Stored Waste UPR - Unplaned Release

[- Unused Trench Area 4 Groundwater Wells Available for 0 Decorwnissioned Wells
_j Unused Waste Area Sampling

Years of Operation (218-E-4): 1958-59
Years of Operaton (21S-E-12B): 1967 - Present

Figure 2-5. Four New Low-Level Waste Management Area 2 Network Monitoring Wells

Procedurally closing the western, unused portion and moving the western limit of the LLWMA to the
west of Trenches 37 and 53 requires a revised monitoring network and plan. The recent monitoring needs
assessment (SGW-40037) developed a three-tiered approach for changing the monitoring network. The
first tier changes included the following:

a Adding four new monitoring wells. Two wells will be installed along the new western boundary point
of compliance, just west of Trenches 37 and 53. One additional well will be installed east of
Trench 94 as a replacement for well 299-E35-1 and an upgradient well for LLWMA-2. Finally, one

well will be installed to the east of Trench Ia as a replacement well for well 299-E34-3 and an
upgradient well for LLWMA-2. One well is planned to be completed in fiscal year (FY) 2010 and the

other three wells are planned for completion in FY 2011.
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" Retain the existing downgradient wells for the new monitoring network (299-E27-11, 299-E27-17,
and 299-E34-2).

* Change the status of the six existing wells along the southern and western boundary of LLWMA-2 to
supplemental and continue monitoring at these wells.

The second tier requirement is to perform modeling to identify the need for additional wells. The third tier
requirements were to install the second tier monitoring wells.

Recommended changes to the conclusions of the monitoring needs assessment based on recent
information and re-evaluation for refinement of the needs assessment logic are as follows:

* Retain wells 299-E27-8, 299-E27-9, 299-E27-10, 299-E27-11, 299-E27-17, 299-E34-2, and
299-E34-12 as part of the monitoring network. These wells provide downgradient groundwater data
based on southwest flow direction, which seems more probable than a western flow direction.

* Change the groundwater gradient description of well 299-E27- 10 from upgradient to cross-gradient.
Additional future low-level groundwater monitoring information may require additional changes to
this designation.

* Drill proposed well 299-E34-13 in FY 2010. Drill at least 1.5 m (5 ft) into the Elephant Mountain
Basalt to investigate the basalt chips and complete the screen across the basalt to determine water
availability. Use this information to determine whether to drill wells 299-E34-14 and 299-E34-15 in
FY 2011. This decision will be based on previous basalt chip observations from two wells
(299-E34-2 and 299-E34-4) in this area, which provided no evidence of flow top.

" If evidence of flow top is not present in well 299-E34-13 and water availability is not sufficient, then
do not drill wells 299-E34-14 and 299-E34-15.
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3 Groundwater Monitoring

This chapter lists the wells monitored, constituents analyzed, and sampling frequency. The quality
assurance and quality control requirements are provided in the QAPjP in Appendix A.

3.1 Constituent List and Sampling Frequency
Table 3-1 lists the constituents to be analyzed and the frequency for the detection-level groundwater
monitoring program at LLWMA-2. Note that wells 299-E34-13 through 299-E34-16 are new planned
wells; one well will be drilled in FY 2010 and up to three wells will be drilled in FY 2011, depending on
well production (as discussed in Section 2.7). Maintenance issues and sampling logistics can delay
scheduled sampling events. If sampling of a well is delayed more than 3 months, that sampling event will
be cancelled because it is nearly time for the next scheduled sampling event.

3.2 Well Network
Figure 3-1 shows the groundwater monitoring well network for LLWMA-2. Figure 2-5 shows the four
new planned groundwater monitoring wells for LLWMA-2. Table 3-1 lists the wells in the groundwater
monitoring network. Construction details and as-built diagrams for wells in LLWMA-2 monitoring
network are described in PNL-6820, WHC-MR-0204, WHC-SD-EN-DP-044, and WHC-SD-EN-DP-049.
The wells in the LLWMA-2 monitoring network may also be co-sampled as part of the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 sampling for the 200-BP-5 Operable
Unit. Sampling for LLWMA-2 and the 200-BP-5 Operable Unit is coordinated to eliminate duplicate
analyses and well trips.

Table 3-2 summarizes well attribute information, including the April 2009 depth to water in each well.
All of the wells in the LLWMA-2 monitoring network are constructed to meet the requirements of
WAC 173-160, "Minimum Standards for Construction and Maintenance of Wells." These wells have
stainless-steel casing and screen, sand pack in the screened interval, and full annular seal above. Given
the current rate of water table decline (0.05 m/year [0.164 ft/year]), none of the wells in the LLWMA-2
monitoring network are expected to go dry for at least 20 years.

3.3 Sampling and Analysis Protocol
Groundwater monitoring at LLWMA-2 follows the conventions of the project and is described in the
QAPjP (Appendix A).

3.4 Differences Between This Plan and Previous Plan
Initially, the only difference between this groundwater monitoring plan and the previous plan
(PNNL-14859-ICN-2) is the deletion of the analytes lead and mercury. Over the next 2 years, another
difference will be the addition of up to four new wells (e.g. 299-E34-13 through 299-E34-16) to the
monitoring network (Figure 2-5). After completion of the two new wells at the new western edge of the
burial ground, the two existing western wells will no longer be sampled for indicator or groundwater
quality parameters. After the two new wells have been completed and sampled once, second tier modeling
will be conducted to determine if additional monitoring wells may be needed at LLWMA-2. If additional
wells are needed, a new monitoring plan will be completed. If some of the proposed wells are determined
from the FY 2010 decision not to be drilled, then a revised groundwater monitoring plan will be
developed to include any second tier proposed wells.
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Table 3-1. Sampling Schedule for Low-Level Waste Management Area 2
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Table 3-1. Sampling Schedule for Low-Level Waste Management Area 2

RCRA Required Constituentsa

Groundwater Quality Parameters

Metals,
Contaminant Indicator Unfiltered, Supporting

Parameters Anionsd Filteredd Constituentsb

.2 2

0 F. m
A = sp2 nuaSy

Well mpdsmnum
11 0 cc cc E to0 *Name Purpose pd soemi n-n u ty) Cw) I. 1u d rup t001 s p tk

Notes: C
1Pa. Constituents and parameters required by 40 CER 265.92, "Interim Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal4

Facilities," "Sampling and Analysis."
b. Constituents not required by RCRA but needed to support interpretation.

m
c. Field measurement.
d. For anions, analytes include chloride, fluoride, nitrate, nitrite, and sulfate. CD

For metals, analytes include, but are not limited to, calcium, chromium, iron, manganese, potassium, and sodium.
A = sampled annually
CFR = Code of Federal Regulations
LLWMA = low-level waste management area
RCRA = Resource Conservation and Recovery Act of 1976
S = sampled semiannually
S4 = sampled semiannually with quadruplicate samples taken
VOA = volatile organic analysis
WAC = Washington Administrative Code
Y = well is constructed to the resource protection well standards of WAC 173-1 60, "Minimum Standards for Construction and Maintenance of Wells"
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Figure 3-1. Map Showing Locations of Existing RCRA Monitoring Wells
at Low-Level Waste Management Area 2
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Table 3-2. Attributes for Wells in the Low-Level Waste Management Area 2
Groundwater Monitoring Network

Brass
Survey
Marker Water Water

Elevation Table Screened Remaining,
Well Completion Easting Northing (m Elevation Interval (m) (m)Name Date (m) (m) NAVD88) (m amsl) NAVD88 (April 2009)

299-E27-8 9/30/87 137044.178 574759.08 No value 121.972 225.5- 2.23245.5

299-E27-9 08/31/87 137040.904 574917.649 No value 121.987 219.8- 2.5__________ _________239.1

299-E27-10 08/19/87 137052.481 575100.298 190.81 121.933 212.1- 1.99
232.4

299-E27-11 10/18/89 137062.736 574652.93 196.264 121.909 230.4- 2.26251.4

299-E27-17 11/11/91 137122.01 574547.31 No value 121.929 223.2- 2.78224.2

299-E34-2 09/30/87 137220.694 574634.81 No value 121.919 230.2- 2.39240.4

299-E34-9 11/05/91 137429.82 574186.02 No value 121.984 212.63- 1.24233.4

299-E34-1 0 10/29/91 137224.57 574284.4 No value 122.032 225.29 - 1.73246.0

299-E34-12 04/15/92 137168.544 574411.004 194.823 121.921 223.9- 1.45244.21

299-E34-13 TBD TBD TBD TBD TBD TBD TBD

299-E34-14 TBD TBD TBD TBD TBD TBD TBD

299-E34-15 TBD TBD TBD TBD TBD TBD TBD

299-E34-16 TBD TBD TBD TBD TBD TBD TBD

Notes:

All wells are constructed to the standards of resource protection wells in accordance with WAC 173-160,
"Minimum Standards for Construction and Maintenance of Wells." Stainless-steel casing and screen, sand pack
around screen or "channel pack" screen, and annular seal around casing.
Shaded rows show the anticipated network monitoring wells after the four new wells (299-E34-13 through
299-E34-16) are installed and sampled once.
Bold/italic print indicates upgradient wells for a southwest flow direction.
Water levels measured in April 2009.
amsl = above mean sea level
NAVD88 = North American Vertical Datum of 1988
TBD = to be determined
WAC = Washington Administrative Code
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4 Data Evaluation and Reporting

This chapter discusses the data evaluation and reporting for LLWMA-2.

4.1 Data Review
Data review, validation, and verification are discussed in the QAPjP in Appendix A.

4.2 Statistical Evaluation
The goal of RCRA detection monitoring is to determine if LLWMA-2 has affected groundwater
quality beneath the site. For most RCRA treatment, storage, and disposal units at the Hanford Site, this
is determined based on the results of specified statistical tests. The sampling procedures and statistical
evaluation methods are based on 40 CFR 265, Subpart F (incorporated by reference in
WAC 173-303-400). These interim status regulations require the use of a statistical method that
compares mean concentrations of the four general contamination indicator parameters (e.g., TOC, TOX,
pH, and specific conductance) in downgradient wells to background levels obtained from upgradient
wells.

There is one current cross-gradient well at LLWMA-2 (Table 3-1) that was previously used for deriving
a statistical comparisons value. Each year, a new calculation is generally completed to derive the
background comparison value of significance because of the variability of upgradient groundwater. Since
there is no current upgradient well, the current values will remain in place until a new upgradient well is
in place and sampled quarterly for one year. Thus, the current upgradient indicator parameter derived in
January 2009 will be compared with each downgradient well indicator parameter result to determine if
a significant increase has occurred. In addition, groundwater quality results are used to verify ion balance
and relative change associated with specific conductance measurements. If questions arise from the ion
balance, the laboratory results are reviewed for errors (as discussed in Appendix A). Also, phenol
analyses are ran for further evaluation of potentially elevated TOC or TOX indicator parameters.

4.3 Interpretation
After the data are validated and verified, acceptable data are used to interpret groundwater conditions at
LLWMA-2. Interpretive techniques include the following:

* Hydrographs: Graph water levels versus time to determine decreases, increases, seasonal, or
manmade fluctuations in groundwater levels.

* Water table maps: Use water table elevations from multiple wells to construct contour maps and to
estimate flow directions. Groundwater flow is assumed to be perpendicular to lines of equal potential
on the maps.

* Trend plots: Graph concentrations of constituents versus time to determine increases, decreases, and
fluctuations. May be used in tandem with hydrographs and/or water table maps to determine if
concentrations relate to changes in water level or in groundwater flow directions.

* Plume maps: Mapped distributions of chemical constituent concentrations in the aquifer to determine
extent of contamination. Changes in plume distribution over time assist in determining plume
movement and groundwater flow direction.

* Contaminant ratios: Can sometimes be used to distinguish among different sources of contamination.
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4.4 Annual Determination of Monitoring Network
The RCRA groundwater monitoring requirements include an annual evaluation of the groundwater
monitoring network to determine if it remains adequate to monitor the LLWMA. The network must
include upgradient and downgradient wells in the uppermost aquifer. The groundwater flow direction
beneath LLWMA-2 has been predominantly reported to the southwest since 2002 based on nitrate and
sulfate movement.

Water-level measurements will be collected before each sampling event. A more comprehensive set of
water-level measurements has been made for the northeastern portion of the 200 East Area each month
since April 2009. The measurements are corrected, if needed, to account for borehole deviation from
vertical, and the resulting data are plotted on a map. The data will be presented in the annual groundwater
monitoring report.

Any new RCRA wells needed as a result of the second tier modeling at LLWMA-2 will be negotiated and
prioritized by Ecology, DOE, and EPA and approved under Tri-Party Agreement Milestone M-24-00.

4.5 Reporting and Notification
Results of detection monitoring are reported annually in accordance with the requirements of
40 CFR 265.94, "Recordkeeping and Reporting." Reporting will be made in annual Hanford Site
groundwater monitoring reports (e.g., DOE/RL-2008-66). Notifications will be made as outlined in
Table 4-1.

If comparisons for the upgradient well show a statistically significant increase (and/or pH decrease), the
information is reported in the annual groundwater report. If the comparisons for a downgradient well
show a significant increase (and/or pH decrease), then one or both of the following actions are taken:
(1) the well is resampled and split samples are sent to different laboratories to determine if the exceedance
of the comparison value was the result of laboratory error, and/or (2) the original samples may be
re-analyzed if laboratory error is suspected.

If the exceedance of the statistical comparison value is confirmed by resampling, then written notice is
provided to the regulatory agency within 7 days that the monitored facility may be affecting groundwater
quality. Within 15 days after the notification, a groundwater quality assessment program will be
developed and submitted (40 CFR 265.93[d], "Preparation, Evaluation, and Response"). In some
instances, it is possible to determine immediately that the statistical finding is not the result of
contamination from the facility. In that case, the regulatory agency is notified but an assessment program
is not instituted.
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Table 4-1. Reports Required for Compliance with 40 CFR 265, Subpart F for Groundwater Monitoring
Submittal Reporting Regulatory

Submittal Period Vehicle Requirement
First year of sampling:
concentrations of interim primary Quarterly Complete' 40 CFR 265.94(a)(2)(i)
drinking water constituents,
identifying those that exceed limits

Concentration and statistical
analyses of groundwater Annual Hanford Site
contamination indicator byl b rh yAann groundwater monitoring 40 CFR 265.94(a)(2)(ii)
parameters, noting significant report
differences in upgradient wells

Results of groundwater surface Annual Hanford Site
elevation evaluation and Annually (by March 1 Anuat nito
description of response, of following year) groundwater monitoring 40 CFR 265.94(a)(2)(iii)
if appropriate report

Outline for groundwateor quality yt e ear after S&GRP document or 40 CFR 265.93(a)
assessment program regulations letter

Notification of statistical Within 7 days
exceedanceb of verification Letter to Ecology 40 CFR 265.93(c)

Assessment plan Within 15 days S&GRP document or 40 CFR 265.93(d)of notification letter

S&GRP document,
Determinations under As soon as technically letter, or annual 40 CFR 265.93(d)(5)
assessment programrib feasible; annually Hanford Site and 40 CFR 265.94(b)thereafter groundwater monitoring

report

Notes:

40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage,
and Disposal Facilities."

a. Requirement was fulfilled during first year of sampling via published reports. Quarterly submittal of data
continues via the Hanford Environmental Information System database.

b. Required if exceedance occurs and is verified.
CFR = Code of Federal Regulations
Ecology = Washington State Department of Ecology
S&GRP = Soil and Groundwater Remediation Project
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A Quality Assurance Project Plan
The contractor's quality assurance (QA) program describes the contractor's QA structure, requirements,
implementation methods, and responsibilities. The contractor's environmental QA program plan provides
the requirements for collecting and assessing environmental data in accordance with the following:

* 10 Code ofFederal Regulations (CFR) 830, Subpart A, "Nuclear Safety Management,"
"Quality Assurance Requirements"

0 DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Document
(HASQARD)

* EPA/240/B-01/003, EPA Requirements for Quality Assurance Project Plans, EPA QA/R-5

0 U.S. Department of Energy (DOE) 0 414.1C, Quality Assurance

This quality assurance project plan (QAPJP) establishes the quality requirements for environmental data
collection including the planning, implementation, and assessment of sampling, field measurements, and
laboratory analyses. Section 6.5 and 7.8 of the Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) (Ecology et al. 1989a), Attachment 2, "Action Plan," require that QA/quality
control (QC) and sampling and analysis activities specify the QA requirements for treatment, storage,
and disposal (TSD) units, as well as for past-practice processes. The HASQARD requirements
(DOE/RL-96-68) also apply to this work.

The content of this QAPjP is patterned after the QA elements of EPA/240/B-01/003. The QAPjP
demonstrates conformance to the Part B requirements of Quality Systems for Environmental Data and
Technology Programs: Requirements with Guidancefor Use (ANSI/ASQ E4). This QAPjP is divided into
four sections (designated in EPA/240/B-01/003) that describe the quality requirements and controls
applicable to this investigation. This QAPjP is intended to supplement the contractor's environmental
QA program plan.

Al Project Management
This section addresses the basic aspects of project management and will ensure that the project has
defined goals, that the participants understand the goals and the approaches used, and that the planned
outputs are appropriately documented.

AI.1 Project/Task Organization
The project organization in regard to planning, sampling, analysis, and data assessment is described in the
following subsections and is shown in Figure A-1. For each functional primary contractor role, there is
a corresponding oversight role within DOE.

A1.1.1 Regulatory Project Manager
The Washington State Department of Ecology (Ecology) project manager is responsible for oversight
of the work being performed under this groundwater monitoring plan. Ecology will work with the DOE
Richland Operations Office (RL) to resolve concerns regarding the work as described in this QAPjP.
Ecology can request this plan during a regulatory compliance inspection for review.
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Figure A-1. Project Organization

A1.1.2 U.S. Department of Energy, Richland Operations Office Project Manager
Hanford Site cleanup is the responsibility of RL. The RL project manager is responsible for authorizing
the contractor to perform activities under the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980; the Resource Conservation and Recovery Act of 1976 (RCRA); the Atomic
Energy Act of 1954; and the Tri-Party Agreement for the Hanford Site.

A1.1.3 U.S. Department of Energy, Richland Operations Office Subject Matter Expert
The RL subject matter expert is responsible for day-to-day oversight of the contractor's performance of
workscope, for working with the contractor and the regulatory agencies to identify and work through
issues, and for providing technical input to the RL project manager.

A1.1.4 Contractor Groundwater Remediation Department Manager
The contractor groundwater remediation department manager provides oversight for all activities and
coordinates with DOE, the regulators, and primary contractor management in support of sampling and
reporting activities. The remediation department manager also provides support to the RCRA Monitoring
and Reporting manager to ensure that work is performed safely and cost effectively.
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A1.1.5 Groundwater Sampling Operations
Groundwater sampling operations is responsible for planning and coordinating field sampling resources
and provides the field work supervisor for routine groundwater sampling operations. The field work
supervisor directs the samplers, who collect groundwater samples in accordance with the sampling and
analysis plan, and corresponding standard procedures and work packages. The samplers also complete the
field logbook and chain-of-custody forms, including any shipping paperwork, and ensure delivery of the
samples to the analytical laboratory.

A1.1.6 RCRA Monitoring and Reporting
The RCRA Monitoring and Reporting manager is responsible for direct management of activities
performed to meet RCRA TSD monitoring requirements. The RCRA Monitoring and Reporting manager
coordinates with and reports to DOE and primary contractor management regarding RCRA TSD
monitoring requirements. The RCRA Monitoring and Reporting manager assigns scientists to provide
technical expertise.

A1.1.7 Sample Management and Reporting Organization
The Sample Management and Reporting organization coordinates laboratory analytical work to ensure
that laboratories conform to HASQARD requirements (or their equivalent), as approved by DOE, the
U.S. Environmental Protection Agency (EPA), and Ecology. Sample Management and Reporting receives
analytical data from the laboratories, performs data entry into the Hanford Environmental Information
System (HEIS) database, and arranges for data validation. Sample Management and Reporting is
responsible for informing the RCRA Monitoring and Reporting manager of any issues reported by
the analytical laboratories.

A1.1.8 Contract Laboratories
The contract laboratories analyze samples in accordance with established procedures and provide
necessary sample reports and explanations of results to support data validation. The laboratories must
meet site-specific QA requirements and must have an approved QA plan in place.

A1.1.9 Quality Assurance
The QA point of contact is matrixed to the subject matter expert and is responsible for QA issues on the
project. Responsibilities include overseeing implementation of the project QA requirements; reviewing
project documents, including data quality objective (DQO) summary reports, sampling and analysis plans,
and the QAPjP; and participating in QA assessments on sample collection and analysis activities, as
appropriate. The QA point of contact must be independent of the unit generating the data.

A1.1.10 Environmental Compliance Officer
The environmental compliance officer provides technical oversight, direction, and acceptance of project
and subcontracted environmental work, and also develops appropriate mitigation measures with the goal
of minimizing adverse environmental impact.

A1.1.11 Health and Safety
The Health and Safety organization is responsible for coordinating industrial safety and health support
within the project as carried out through health and safety plans, job hazard analyses, and other pertinent
safety documents required by federal regulations or by internal primary contractor work requirements.

A1.1.12 Waste Management
Waste Management communicates policies and procedures and ensures project compliance for storage,
transportation, disposal, and waste tracking in a safe and cost-effective manner.
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A1.2 Problem Definition/Background
The problem definition, as required by Washington Administrative Code (WAC) 173-303-400
("Dangerous Waste Regulations," "Interim Status Facility Standards") and 40 CFR 265, Subpart F
("Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
Disposal Facilities," "Groundwater Monitoring"), is outlined in the main text discussion of this
monitoring plan. The background is also provided in the monitoring plan.

A1.3 Project/Task Description
The project description is provided in Chapters 3 and 4 of this monitoring plan and includes the selection
of appropriate dangerous waste or dangerous waste constituents, collection and analyses of groundwater
from the monitoring network, interpretation of analytical results, evaluation of the monitoring network,
and reporting.

The target analytes, along with the monitoring wells and frequency of sampling, are provided in
Chapter 3.

Al.4 Quality Objectives and Criteria
The quality objectives and criteria for groundwater monitoring are defined in the tables provided in this
QAPjP in order to meet the evaluation requirements stated in the monitoring plan.

A1.5 Special Training/Certification
Workers receive a level of training that is commensurate with their responsibility of collecting and
transporting groundwater samples according to the Dangerous Waste Training Plan maintained for
the TSD unit to meet the requirements of WAC 173-303-330, "Personnel Training." The field work
supervisor, in coordination with line management, will ensure that all field personnel meet
training requirements.

A1.6 Documents and Records
The project scientist is responsible for ensuring that the current version of the groundwater monitoring
plan is used and for providing any updates to field personnel. Version control is maintained by the
administrative document control process. Significant changes to the plan that affect DQOs will be
reviewed and approved by DOE and the regulatory agency prior to implementation. Table A-I defines the
types of changes that may be made to the sampling design and the documentation requirements.

Logbooks and data forms are required for field activities. The logbook must be identified with a unique
project name and number. Individuals responsible for the logbooks shall be identified in the front of the
logbook, and only authorized individuals may make entries into the logbooks. Logbooks will be
controlled in accordance with internal work requirements and processes.

The HEIS database will be identified as a data repository for the Hanford Facility Operating Record unit
file. Records may be stored in either electronic or hardcopy format. Documentation and records,
regardless of medium or format, are controlled in accordance with internal work requirements and
processes that ensure accuracy and retrievability of stored records. Records required by the Tri-Party
Agreement will be managed in accordance with the requirements therein.
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Table A-1. Actions and Documentation for Regulatory Notification

Type of Change Action Documentation

Temporary addition of wells or RCRA Monitoring and Reporting Project's schedule trackingconstituents, or increased sampling manager approval; notify
frequency regulatory agency, if appropriate system

Unintentional impact to groundwater
monitoring plan including one-time
missed well sampling due to operational
constraints, delayed sample collection, Electronic notification RCRA annual report
broken pump, lost bottle set, missed
sampling of indicator parameters, loss of
samples in transit, etc.

Planned change to groundwater
monitoring activities, including addition or Revise monitoring plan Revised RCRA groundwater
deletion of constituents or wells, change monitoring plan
of sampling frequency, etc.

Anticipated unavoidable changes Electronic notification; revise RCRA annual report and revised
(e.g., dry wells) monitoring plan groundwater monitoring plan

Notes:

RCRA = Resource Conservation and Recovery Act of 1976

The results of groundwater monitoring are reported annually in accordance with the requirements of
40 CFR 265.94, "Recordkeeping and Reporting." Reporting will be made in annual Hanford Site
groundwater monitoring reports (e.g., DOE/RL-2008-66, Hanford Site Groundwater Monitoringfor
Fiscal Year 2008).

A2 Data Generation and Acquisition
This section addresses data generation and acquisition to ensure that the project's methods for sampling,
measurement and analysis, data collection or generation, data handling, and QC activities are appropriate
and documented.

A2.1 Sampling Process Design (Experimental Design)
The sampling design is based on regulatory requirements and judgmental sampling.

A2.1.1 Regulatory Requirements
The groundwater protection regulations of WAC 173-303-400 dictate the groundwater sampling and
analysis requirements applicable to interim status TSD units.

A2.1.2 Judgmental Sampling
The selection of sampling and analysis requirements is based on knowledge of the feature or condition
under investigation and is also based on professional judgment. The TSD monitoring is based on
professional judgment. Conclusions depend on the validity and accuracy of professional judgment.
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A2.2 Sampling Methods
Sampling is described in the contractor's environmental QA program plan, including the following:

" Field sampling methods

* Sample preservation, containers, and holding times
* Corrective actions for sampling activities
" Decontamination of sampling equipment

The groundwater sampling operations supervisor must ensure that situations that may impair the usability
of samples and/or data are documented in field logbooks or on nonconformance report forms in
accordance with internal corrective action procedures, as appropriate. The groundwater sampling
operations supervisor will note any deviations that occur from the standard procedures for sample
collection, contaminants of potential concern, sample transport, or monitoring. The groundwater sampling
operations supervisor is also responsible for coordinating all activities related to the use of field
monitoring equipment (e.g., dosimeters and industrial hygiene equipment). Field personnel will document
in the logbook all noncompliant measurements taken during field sampling. Ultimately, the groundwater
sampling operations supervisor is responsible for developing, implementing, and communicating
corrective action procedures; for documenting all deviations from procedure; and for ensuring that
immediate corrective actions are applied to field activities. Problems with sample collection, custody, or
data acquisition that adversely impact data quality or impair the ability to acquire data or failure to follow
procedure will be documented in accordance with internal corrective action procedures, as appropriate.

A2.3 Sample Handling and Custody
A sampling and data tracking database is used to track samples from the point of collection through the
laboratory analysis process. Laboratory analytical results are entered and maintained in the HEIS
database. Each sample is identified and labeled with a unique HEIS sample number. The contractor's
environmental QA program plan specifies sample handling information, including the following:

* Container requirements

* Container labeling and tracking process
" Sample custody requirements

* Shipping and transportation

Sample custody during laboratory analysis is addressed in the applicable laboratory's standard operating
procedures. Laboratory custody procedures will ensure that sample integrity and identification are
maintained throughout the analytical process. Storage of samples at the laboratory will be consistent with
laboratory instructions prepared by the Sample Management and Reporting organization.

A2.4 Analytical Methods
Information on analytical methods is provided in Table A-2. These analytical methods are controlled in
accordance with the laboratory's QA plan and the requirements of this QAPjP. The primary contractor
participates in oversight of offsite analytical laboratories to qualify the laboratories for performing
Hanford Site analytical work.
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Table A-2. Preservation Techniques, Analytical Methods Used, and Current Method
Quantitation Limits for Continuing Constituents

Method
Collection and Analysis Quantitation

Constituent Preservationa Methodsb Limit (pgIL)c

Contamination Indicator Parameters

Total organic carbon G/P, HCL to pH <2 SW-8 4 6d Method 9060 1,000

Total organic halides G, H2SO 4 to pH <2, SW- 8 46d Method 9020 20no head space

Metals Analyzed by Inductively Coupled Plasma Method - Unfiltered/Filtered

Calcium 1,000

Cadmium 5

Sodium SW-846d Method 6010B/C, 500
Manganese P, HNO 3 to pH <2 SW-846 Method 60200, or 5

EPAI600 Method 200.80
Potassium 4,000

Iron 50

Magnesium 750

Anions by Ion Chromatography

Chloride 200

Nitrate 250
P; none EPAI600 Method 300.Of

Nitrite 250

Sulfate 500

Other

Standard Method9 2320,
Alkalinity G/P; none EPA/600 Method 310.1 5,000

EPA/600 Method 310.2

Conductivity, field N/A Instrument/meter 1 pohm

pH, field measurement N/A Instrument/meter 0.1

Phenol G, residual chlorine SW-846 Method 8040 50.0008% Na2S2 3

Temperature Field measurement Instrumentlmeter
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Table A-2. Preservation Techniques, Analytical Methods Used, and Current Method
Quantitation Limits for Continuing Constituents

Method
Collection and Analysis Quantitation

Constituent Preservation" Methodsb Limit (pgIL)c

Notes:

a. All samples will be collected in plastic (P) or glass (G) containers and will be cooled to 41C upon collection.
b. Constituents grouped together are analyzed by the same method, unless otherwise indicated.
c. Detection limit units, unless otherwise indicated.

d. SW-846, Methods for Evaluation of Solid Waste: Physical/Chemical Methods.
e. SW-846 Method 6010 is the preferred method; however, Method 6020 or EPA/600 Method 200.8 may be used,

as long as the method quantitation limit listed is met.

f. Analytical method adapted from Method 300.0, Test Methods for Determination of Inorganic Anions in Water
by /on Chromatography (EPA-600/4-84-017).

g. Standard Methods for the Examination of Water and Wastewater (APHA et al. 2005).
EPA = U.S. Environmental Protection Agency
N/A = not applicable

Laboratories providing analytical services in support of this QAPjP will report errors to the Sample
Management and Reporting project coordinator, who will then initiate a sample disposition record. The
error-reporting process is intended to document analytical errors and the resolution of those errors with
the project scientist. The corrective action program addresses the following:

" Evaluation of impacts of laboratory QC failures on data quality

" Root-cause analysis of QC failures
" Evaluation of recurring conditions that are adverse to quality

" Trend analysis of quality-affecting problems

" Implementation of a quality improvement process
" Control of nonconforming materials that may affect quality

A2.5 Quality Control
The QC procedures must be followed in the field and laboratory to ensure that reliable data are obtained.
Field QC samples will be collected to evaluate the potential for cross-contamination and to provide
information pertinent to field variability. Field QC for sampling will require the collection of field
replicates (duplicates), trip or field blanks, and equipment blanks. Laboratory QC samples estimate the
precision and bias of the analytical data. Field and laboratory QC samples are summarized in Table A-3.
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Table A-3. Quality Control Samples
Sample Type Primary Characteristics Evaluated Frequency

Field QC

Full trip blank Contamination from containers or transportation 1 per 20 well trips

Field transfer blank Contamination from sampling site 1 each day; volatile organic
compounds sampled

Equipment blank Contamination from non-dedicated equipment As neededa

Replicate/duplicate samples Reproducibility 1 per 20 well trips

Laboratory QC

Method blanks Laboratory contamination 1 per batch

Laboratory duplicates Laboratory reproducibility See footnoteb

Matrix spikes Matrix effect and laboratory accuracy See footnoteb

Matrix spike duplicates Laboratory reproducibility/accuracy See footnoteb

Surrogates Recovery/yield See footnoteb

Laboratory control samples Method accuracy 1 per batch

Notes:

a. For portable Grundfos@ (registered trademark of Grundfos Pumps Corporation, Colorado Springs, Colorado)
pumps, equipment blanks are collected 1 per 10 well trips. Whenever a new type of non-dedicated
equipment is used, an equipment blank shall be collected every time sampling occurs until it can be shown that
less frequent collection of equipment blanks is adequate to monitor the decontamination procedure for the
non-dedicated equipment.

b. As defined in the laboratory contract or quality assurance plan, and/or analysis procedures.
QC = quality control

A2.5.1 Field Quality Control Samples
Field QC samples will be collected to evaluate the potential for cross-contamination and field sampling
performance. The QC samples and the required frequency for collection are described in this section.

Full trip blanks (FTBs) are prepared by the sampling team prior to traveling to the sampling site. The FTB
is filled with high-purity reagent water. The bottles are sealed and transported, unopened, to the field in
the same storage containers used for samples collected that day. Collected FTBs are analyzed for the
same constituents as the samples. The FTBs are used to evaluate potential contamination of the samples
due to the sample bottles, preservative, handling, storage, or transportation.

Field transfer blanks (FXRs) are preserved volatile organic analysis sample bottles that are filled at the
sample collection site with high-purity reagent water that has been transported to the field. After
collection, FXR bottles are sealed and placed in the same storage containers with the samples from the
associated sampling event. The FXR samples are analyzed for volatile organic compounds only. The
FXRs are used to evaluate potential contamination caused by conditions in the field.

Equipment blanks (EBs) are samples in which high-purity reagent water is passed through the pump or
placed in contact with the sampling surfaces of the equipment to collect blank samples identical to the
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sample set that will be collected. The EB bottles are placed in the same storage containers with the
samples from the associated sampling event. The EB samples are analyzed for the same constituents as
the samples from the associated sampling event. The EBs are used to evaluate the effectiveness of the
cleaning process to ensure that samples are not cross-contaminated from previous sampling events.

For the field blanks (i.e., FTBs, FXRs, and EBs), results above two times the method detection limit are
identified as suspected contamination. However, for common laboratory contaminants such as acetone,
methylene chloride, 2-butanone, toluene, and phthalate esters, the limit is five times the method
detection limit.

Field duplicates, also known as replicates, are two samples that are collected as close as possible to the
same time and same location, and they are intended to be identical. Field duplicates are stored and
transported together and are analyzed for the same constituents. The field duplicates are used to
determine precision for both sampling and laboratory measurements. The results of the field duplicates
must have precision within 20 percent, as measured by the relative percent difference. Only field
duplicates with at least one result greater than five times the method detection limit or minimum
detectable activity are evaluated.

Double-blind samples contain a concentration of analyte known to the supplier but unknown to the
analyzing laboratory. The laboratory is not informed that the samples are QC samples. The project
submits double-blind samples to assess analytical precision and accuracy.

A2.5.2 Laboratory Quality Control Samples
The laboratory QC samples (e.g., method blanks, laboratory control sample/blank spikes, and matrix
spikes) are defined in Chapter 1 of SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical
Methods, and will be run at the frequency specified in that reference, unless superseded by agreement.

A2.5.3 Quality Control Requirements
Table A-4 lists the acceptance criteria for QC samples, and Table A-5 lists the acceptable recovery limits
for the double-blind standards. These samples are prepared by spiking Hanford Site background well
water with known concentrations of constituents of interest. Spiking concentrations range from the
detection limit to the upper limit of concentration determined in groundwater on the Hanford Site.
Investigations shall be conducted for double-blind standards that are outside of acceptance limits. The
results from these standards are used to determine the acceptability of the associated parameter data.

Holding time is the elapsed time period between sample collection and analysis. The contractor's
environmental QA program plan provides a table with holding times. Exceeding the required holding
times could result in changes in constituent concentrations due to volatilization, decomposition, or other
chemical alterations. Recommended holding times depend on the analytical method, as specified in
SW-846 or Methods of Chemical Analysis of Water and Wastes (EPA/600/4-79/020). Data associated
with exceeded holding times are flagged with an "H" in the HEIS database. Data that exceed the holding
time shall be maintained but potentially may not be used in statistical analyses.

Additional QC measures include laboratory audits and participation in nationally based performance
evaluation studies. The contract laboratories participate in national studies such as the EPA-sanctioned
Water Pollution and Water Supply Performance Evaluation studies. The groundwater project periodically
audits the analytical laboratories to identify and solve quality problems, or to prevent such problems from
occurring. Audit results are used to improve performance, and the summaries of audit results and
performance evaluation studies are presented in the annual groundwater monitoring report.

Failure of QC will be determined and evaluated during data validation and the data quality assessment
process. Data will be qualified, as appropriate.
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Table A-4. Field and Laboratory Quality Control Elements and Acceptance Criteria

QC Acceptance Corrective
Methoda Element Criteria Action

General Chemical Parameters

MBb <MDL Flagged with "C"
Alkalinity
Chemical oxygen demand LCS 80-120% recoveryc Data reviewedd

Conductivity DUP 520% RPD Data reviewedd
pH MSe 75-125% recovery' Flagged with "N"
Total organic carbon
Total organic halides EB, FTB <2 times MDL Flagged with "Q"

Field duplicate 520% RPD' Flagged with "Q"

Ammonia and Anions

MB <MDL Flagged with "C"

LCS 80-120% recovery' Data reviewedd

DUP 520% RPDc Data reviewedd
Anions by IC

MS 75-125% recoveryc Flagged with "N"

EB, FTB <2 times MDL Flagged with "Q"

Field duplicate 520% RPD' Flagged with "Q"

Metals

MB <CRDL Flagged with "C"

LCS 80-120% recoveryc Data reviewedd

ICP metals MS 75-125% recovery' Flagged with "N"
ICP/MS metals MSD 520% RPD Data reviewedd

EB, FTB <2 times MDL Flagged with "Q"

Field duplicate 520% RPD' Flagged with "Q"

Semivolatile Organic Compounds

MB <2 times MDL Flagged with "B"

LCS Statistically derivedg Data reviewedd

MS Statistically derivedg Flagged with "N"

Phenols by GC MSD Statistically derivedg Data reviewedd

SUR Statistically derivedg Data reviewedd

EB, FTB <2 times MDL Flagged with "Q"

Field duplicate 520% RPDf Flagged with "Q"
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Table A-4. Field and Laboratory Quality Control Elements and Acceptance Criteria

QC Acceptance Corrective
Methoda Element Criteria Action

Notes:
a. Refer to Table A-2 for specific analytical methods.
b. Does not apply to pH.
c. Laboratory-determined, statistically derived control limits may also be used. Such limits are reported with

the data.
d. After review, corrective actions are determined on a case-by-case basis. Corrective actions may include

a laboratory recheck or flagging the data as suspect ("Y" flag) or rejected ("R" flag).
e. Applies to total organic carbon and total organic halides only.
f. Applies only in cases where one or both results are greater than five times the detection limit.
g. Determined by the laboratory based on historical data. Control limits are reported with the data.
h. For common laboratory contaminants such as acetone, methylene chloride, 2-butanone, toluene, and

phthalate esters, the acceptance criteria is less than five times the MDL.
Data flags:
B, C = possible laboratory contamination (analyte was detected in the associated method blank)
N = result may be biased (associated matrix spike result was outside the acceptance limits)
Q = problem with associated field QC sample (blank and/or duplicate results were out of limits)

Abbreviations:
CRDL = contract-required detection limit
DUP = laboratory matrix duplicate
EB = equipment blank
FTB = full trip blank
FXR = field transfer blank
GC = gas chromatography
IC = ion chromatography
ICP = inductively coupled plasma
ICP/MS = inductively coupled plasma/mass spectrometry
LCS = laboratory control sample
MB = method blank

MDL = method detection limit
MS = matrix spike

MSD = matrix spike duplicate
QC = quality control
RPD = relative percent difference
SUR = surrogate
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Table A-5. Blind Standard Constituents and Schedule

Accuracy Precision
Constituents Frequency (%) (% RSD)'

Fluoride Quarterly ±25% 525%

Chloride Quarterly ±25% 525%

Chromium Annually ±20% 520%

Iron Semiannually ±20% 520%

Magnesium Annually ±20% 520%

Manganese Annually ±20% 520%

Nitrate Quarterly ±25% 525%

Sodium Annually ±20% 520%

TOCb Quarterly Varies according to Varies according to
spiking compound spiking compound

TOXc Quarterly Varies according to Varies according to
spiking compound spiking compound

Notes:

a. If the results are less than five times the required detection limit, then the criterion is that the difference of the
results of the replicates is less than the required detection limit.

b. The spiking compound generally used for TOC is potassium phthalate. Other spiking compounds may also
be used.

c. Two sets of spikes for TOX will be used. The spiking compound for one set should be 2,4,5-trichlorophenol.
The spiking compound for the second set should include the constituents used for the volatile organic
compounds sample (carbon tetrachloride, chloroform, and trichloroethylene).

RSD = relative standard deviation

TOC = total organic carbon

TOX = total organic halides

A2.6 Instrument/Equipment Testing, Inspection, and Maintenance
Measurement and testing equipment used in the field or in the laboratory that directly affects the quality
of analytical data will be subject to preventive maintenance measures to minimize measurement system
downtime. Laboratories and onsite measurement organizations must maintain and calibrate their
equipment. Maintenance requirements (e.g., documentation of routine maintenance) will be included in
the individual laboratory and the onsite organization's QA plan or operating procedures, as appropriate.
Maintenance of laboratory instruments will be performed in a manner consistent with SW-846, or with
auditable HASQARD and contractual requirements. Consumables, supplies, and reagents will be
reviewed in accordance with SW-846 requirements and will be appropriate for their use.
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A2.7 Instrument/Equipment Calibration and Frequency
Specific field equipment calibration information is provided in the environmental QA program plan.
Standards used for calibration will be certified and traceable to nationally recognized performance
standards. Analytical laboratory instruments and measuring equipment are calibrated in accordance with
the laboratory's QA plan.

A2.8 Inspection/Acceptance of Supplies and Consumables
Supplies and consumables used to support sampling and analysis activities are procured in accordance
with internal work requirements and processes that describe the contractor's acquisition system and the
responsibilities and interfaces necessary to ensure that items procured/acquired for contractor meet the
specific technical and quality requirements. The procurement system ensures that purchased items comply
with applicable procurement specifications. Supplies and consumables are checked and accepted by users
prior to use.

Supplies and consumables that are procured by the analytical laboratories are procured, checked, and used
in accordance with the laboratory's QA plan.

A2.9 Non-Direct Measurements
Non-direct measurements include data obtained from sources such as computer databases, programs,
literature files, and historical databases. If evaluation includes data from historical sources, whenever
possible such data will be validated to the same extent as the data generated as part of this effort. All data
used in evaluations will be identified by source.

A2.10 Data Management
The Sample Management and Reporting organization, in coordination with the RCRA Monitoring and
Reporting manager, is responsible for ensuring that analytical data are appropriately reviewed, managed,
and stored in accordance with applicable programmatic requirements that govern data management
procedures. Electronic data access, when appropriate, will be via a database (e.g., HEIS or a project-
specific database). Where electronic data are not available, hardcopies will be provided in accordance
with Section 9.6 of the Tri Party Agreement Action Plan (Ecology et al. 1989b). The HEIS database will
be identified as a data repository for the Hanford Facility Operating Record unit file.

All field activities will be recorded in the field logbook.

Laboratory errors are reported to the Sample Management and Reporting organization on a routine basis.
For reported laboratory errors, a sample disposition record will be initiated in accordance with contractor
procedures. This process is used to document analytical errors and to establish resolution of the errors
with the RCRA Monitoring and Reporting manager. Sample disposition records become a permanent part
of the analytical data package for future reference and for records management.

A3 Assessment and Oversight
The elements discussed in this section address the activities for assessing the effectiveness of project
implementation and the associated QA and QC activities. The purpose of the assessment is to ensure that
the QAPjP is implemented as prescribed.
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A3.1 Assessments and Response Actions
The contractor management, Regulatory Compliance, Quality, and/or Health and Safety organizations
may conduct random surveillances and assessments to verify compliance with the requirements outlined
in this QAPjP.

Oversight activities in the analytical laboratories, including corrective action management, are conducted
in accordance with the laboratory's QA plan. The primary contractor conducts oversight of offsite
analytical laboratories to qualify the laboratories for performing Hanford Site analytical work.

A3.2 Reports to Management
Reports to management on data quality issues will be made if and when these issues are identified. Issues
reported by the laboratories are communicated to the Sample Management and Reporting organization,
which initiates a sample disposition record in accordance with contractor procedures. This process is used
to document analytical or sample issues and to establish resolution with the RCRA Monitoring and
Reporting manager.

A4 Data Validation and Usability
The elements in this section address the QA activities that occur after the data collection phase of the
project is completed. Implementation of these elements determines whether the data conform to the
specified criteria, thus satisfying project objectives. These elements are further discussed in the
contractor's environmental QA program plan.

A4.1 Data Review, Verification, and Validation
The criteria for verification may include review for completeness (e.g., all samples were analyzed as
requested), use of the correct analytical method/procedure, transcription errors, correct application of
dilution factors, appropriate reporting of dry weight versus wet weight, and correct application of
conversion factors. Laboratory personnel may perform data verification.

A4.2 Verification and Validation Methods
The work activities shall follow documented procedures and processes for data validation and
verification, as summarized below. Validation of groundwater data consists of assessing whether the data
collected and measured truly reflect aquifer conditions. Verification means assessing data accuracy,
completeness, consistency, availability, and internal control practices to determine overall reliability of
the data collected. Other DQOs that shall be met include proper chain-of-custody, sample handling, use of
proper analytical techniques as applied for each constituent, and the quality and acceptability of the
laboratory analyses conducted.

Groundwater monitoring staff perform checks on laboratory electronic data files for formatting, allowed
values, data flagging (i.e., qualifiers), and completeness. Hardcopy results are verified to check for
(1) completeness, (2) notes on condition of samples upon receipt by the laboratory, (3) notes on problems
encountered during analysis of the samples, and (4) correct reporting of results. If data are incomplete or
deficient, staff work with the laboratory to correct the problem found during the analysis.

The data validation process provides the requirements and guidance for validating groundwater data that
are routinely collected. Validation is a systematic process of reviewing verified data against a set of
criteria (provided in Section A2.5) to determine whether the data are acceptable for their intended use.
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Results of laboratory and field QC evaluations, double-blind sample results, laboratory performance
evaluation samples, and holding-time criteria are considered when determining data usability. Staff
review the data to identify whether observed changes reflect changes in groundwater quality or potential
data errors, and they may request data reviews of laboratory, field, or water-level data for usability
purposes. The laboratory may be asked to check calculations or re-analyze the sample, or the well may be
resampled. Results of the data reviews are used to flag the data appropriately in the HEIS database
(e.g., "R" for reject, "Y" for suspect, or "G" for good) and/or to add comments.

A4.3 Reconciliation with User Requirements
The data quality assessment process compares completed field sampling activities to those proposed in
corresponding sampling documents and provides an evaluation of the resulting data. The purpose of the
data evaluation is to determine if quantitative data are of the correct type and are of adequate quality and
quantity to meet project DQOs. The RCRA Monitoring and Reporting manager is responsible for
determining if data quality assessment is necessary and for ensuring that, if required, one is performed.
The results of the data quality assessment will be used in interpreting the data and determining if the
objectives of this activity have been met.
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Executive Summary

The Low-Level Waste Management Area 3 (LLWMA-3) consists of the 218-W-3A,

218-W-3AE, and 218-W-5 Burial Grounds, is regulated via Washington State's

"Hazardous Waste Management Act"I and its implementing requirements in Washington

Administrative Code (WAC) 173-303-400.2 The Washington State Department of

Ecology has been authorized by the U.S. Environmental Protection Agency3 to conduct

its hazardous waste regulatory program in lieu of the Resource Conservation and

Recovery Act of 1976.4

This document supersedes PNNL-14859, 5 as revised in interim change notices

PNNL- 14859-ICN-1 6 and PNNL-14859-ICN-2,7 to incorporate changes that have

occurred at LLWMA-3 since the previous plan was written.

This document describes the groundwater monitoring plan for LLWMA-3. The plan

addresses the following:

* Number, locations, and depths of wells in the LLWMA-3 groundwater

monitoring network

* Sampling and analytical methods for groundwater parameters and hazardous wastes

or hazardous waste constituents

* Procedures for evaluating groundwater quality information

* Schedule for groundwater monitoring at the LLWMA

This indicator monitoring plan is the principal controlling document for conducting

groundwater monitoring at LLWMA-3.

I RCW 70.105, "Hazardous Waste Management Act," Revised Code of Washington.
2 WAC 173-303-400, 'Dangerous Waste Regulations," "Interim Status Facility Standards," Washington

Administrative Code.
3 Authorized State Hazardous Waste Programs, 42 U.S.C. 6926, et seq.
4 Resource Conservation and Recovery Act of 1976, 42 U.S.C. 6901, et seq.
5 PNNL-14859, 2004, Interim Status Groundwater Monitoring Plan for Low-Level Waste Management Areas I to 4,

RCRA Facilities, Hanford, Washington, Rev. 0, Pacific Northwest National Laboratory, Richland, Washington.
6 PNNL-14859-ICN-1, 2006, Interim Status Groundwater Monitoring Plan for Low-Level Waste Management

Areas I to 4, RCRA Facilities, Hanford, Washington, Interim Change Notice 1, Pacific Northwest National
Laboratory, Richland, Washington.

7 PNNL-14859-ICN-2, 2007, Interim Status Groundwater Monitonng Plan for Low-Level Waste Management
Areas I to 4, RCRA Facilities, Hanford, Washington, Interim Change Notice 2, Pacific Northwest National
Laboratory, Richland, Washington.
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I Introduction

Low-Level Waste Management Area 3 (LLWMA-3) consists of the 218-W-3A, 218-W-3AE, and
218-W-5 Burial Grounds, which contain 75 unlined and 2 lined trenches. The LLWMA-3 is located in
the northwest corner of the Hanford Site's 200 West Area (Figure 1-1) and was used for disposal of
low-level radioactive and low-level mixed wastes beginning in 1970. The hazardous chemicals in the
low-level mixed waste portions of LLWMA-3 are regulated under Washington Administrative Code
(WAC) 173-303, "Dangerous Waste Regulations." The LLWMA-3 was placed in assessment monitoring
in 1989 due to elevated total organic halides (TOX) (a Resource Conservation and Recovery Act of 1976
[RCRA] indicator parameter) in one well. The LLWMA-3 was subsequently shown not to be the source
for the elevated TOX, and indicator evaluation monitoring resumed in 1994; indicator evaluation
monitoring has continued at the LLWMA since that time. The objectives for the continued indicator
evaluation groundwater monitoring at LLWMA-3, as required by 40 Code ofFederal Regulations
(CFR) 265.92(d) ("Interim Status Standards for Owners and Operators of Hazardous Waste Treatment,
Storage, and Disposal Facilities," "Sampling and Analysis") are to determine the following:

* Concentrations of specified groundwater quality parameters annually
* Concentrations of groundwater contamination indicator parameters semiannually
* Elevation of the water table

The scope of this plan is to acquire the necessary groundwater data to satisfy these objectives.

This document replaces the previous groundwater monitoring plan (PNNL-14859, Interim Status
Groundwater Monitoring Plan for Low-Level Waste Management Areas 1 to 4, RCRA Facilities,
Hanford, Washington) and includes several activities that have occurred at LLWMA-3 since that plan was
issued. Chapter 2 of this plan summarizes background information and references other documents that
contain more detailed information. Chapter 2 also describes the LLWMA and the types of waste present,
provides a brief history of groundwater monitoring, and describes the geology and hydrology pertinent to
LLWMA-3. This information is summarized as a site conceptual model to aid in development of the
groundwater monitoring program.

Chapter 3 describes the RCRA groundwater monitoring program, including the wells in the monitoring
network, constituents analyzed, sampling frequency, and sampling protocols. Chapter 4 describes data
evaluation and reporting, and Chapter 5 contains the references cited in this plan. Appendix A provides
the quality assurance project plan (QAPjP).
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2 Background

This chapter describes the LLWMA-3 facility and operating history, the wastes and waste characteristics
associated with the LLWMA, the local geology and hydrology, a summary of previous monitoring, the
groundwater and vadose zone contamination at the LLWMA, and the conceptual model for the LLWMA.
The discussion in this chapter is summarized from Interim Status Groundwater Monitoring Planfor
Low-Level Waste Management Areas I to 4, RCRA Facilities, Hanford, Washington (PNNL-14859).

2.1 Facility Description and Operating History
The LLWMA-3 is located in the northwest corner of the 200 West Area and consists of the following
burial grounds:

" 218-W-3A Burial Ground, approximately 20.4 ha (50.4 ac)

* 218-W-3AE Burial Ground, approximately 20 ha (49.4 ac)

* 218-W-5 Burial Ground, approximately 37.2 ha (91.9 ac)

The locations of the burial grounds are shown in Figure 1-1.

The 218-W-3A Burial Ground contains 57 unlined trenches that vary in length from 120 to 285 m
(393.7 to 935 ft). This burial ground began operating in 1970 but has not received waste since 1998.

The 218-W-3AE Burial Ground contains eight unlined trenches varying in length from 325 to 380 m
(1,066.3 to 1,246.7 ft), with bottom widths between 5 and 6 m (16.4 and 19.7 ft). The burial ground began
operating in 1981 and received waste until July 2004. All filled trenches are thought to contain 2.4 m
(7.9 ft) of soil cover.

The 218-W-5 Burial Ground contains 10 unlined trenches and 2 lined trenches. The unlined trenches are
between 160 and 350 m (524.9 and 1,148.3 ft) long, 4.5 to 12 m (14.8 to 39.4 ft) wide, and 5 to 6 m
(16.4 to 19.7 ft) deep. The lined trenches were constructed in 2000 and are 36 m (118.1 ft) wide at the
bottom, 9.1 m (29.9 ft) deep, and 230 m (754.6 ft) long. The burial ground began operating in 1986, and
the two double-lined mixed waste trenches are the only trenches that continue to receive waste.

2.2 Regulatory Basis
In May 1987, the U.S. Department of Energy (DOE) issued a final rule (10 CFR 962, "Byproduct
Material"), stating that the hazardous waste components of mixed waste are subject to RCRA regulations.
In November 1987, the U.S. Environmental Protection Agency (EPA) authorized the Washington
State Department of Ecology (Ecology) to regulate these hazardous waste components within the State
of Washington (51 FR 24504, "EPA Clarification of Regulatory Authority Over Radioactive
Mixed Waste"). In 1996, the Washington State Attorney General determined that the effective date of
mixed waste in Washington State was August 19, 1987.

In May 1989, DOE, EPA, and Ecology signed the Hanford Federal Facility Agreement and Consent
Order (Tri-Party Agreement) (Ecology et al. 1989). This agreement established the roles and
responsibilities of the agencies involved in regulating and controlling remedial restoration of the Hanford
Site, which includes LLWMA-3. Groundwater monitoring is conducted at LLWMA-3 in accordance with
WAC 173-303-400(3), "Interim Status Facility Standards" (and by reference, 40 CFR 265, Subpart F,
"Ground-Water Monitoring"), which requires monitoring to determine whether the dangerous waste
constituents from the waste site have entered the groundwater. A RCRA groundwater monitoring program
for LLWMA-3 was initiated in 1987 (WHC-SD-EN-AP-01 5, Revised Ground-Water Monitoring Plan
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for the 200 Areas Low-Level Burial Grounds) based on the interim status monitoring requirements of
40 CFR 265, Subpart F and WAC 173-303-400, and the groundwater monitoring program
continues today.

Groundwater monitoring is conducted at LLWMA-3 in accordance with WAC 173-303-400(3) (and by
reference, 40 CFR 265, Subpart F), which requires monitoring to determine whether dangerous waste or
dangerous waste constituents from the waste site have entered the groundwater. A RCRA groundwater
monitoring program for LLWMA-3 was initiated in 1987 (WHC-SD-EN-AP-0 15) based on the interim
status monitoring requirements of 40 CFR 265, Subpart F and WAC 173-303-400.

In 1989, TOX in well 299-W7-4 exceeded the statistical comparison value when the well was redefined
as a downgradient well due to changes in groundwater flow direction. Total organic carbon (TOC) was
also determined to be above the statistical comparison value at downgradient wells 299-W7-5 and
299-W8-1. A groundwater assessment program was initiated (WHC-SD-EN-AP-022, Interim-Status
Ground- Water Quality Assessment Planfor Waste Management Area 3 of the 200 Areas Low-Level
Burial Grounds). Analytical results from three additional upgradient monitoring wells indicated that
the elevated TOX came from an upgradient source. An assessment report was prepared
(WHC-SD-EN-EV-026, Result of the Groundwater Quality Assessment Program at Low-Level Waste
Management Area 3 of the Low-Level Burial Grounds) and indicator evaluation monitoring resumed.
The interim status groundwater monitoring plan was revised in 2004 (PNNL- 14859), in 2006
(PNNL-14859-ICN-1), and in 2007 (PNNL-14859-ICN-2). Interim status indicator evaluation monitoring
continues to date.

The upgradient wells have all gone dry, so statistical comparisons have not been performed since fiscal
year 2004. The Hanford Site Groundwater Monitoringfor Fiscal Year 2005 (PNNL- 15070) discusses
this condition.

2.3 Waste Characteristics

The 218-W-3A Burial Ground received shipments described as miscellaneous transuranic and
non-transuranic waste from the Three-Mile Island accident cleanup; irradiated fuel elements from the
General Electric Company in Vallecitos, California; radioactive soil from a salt waste spill (encased in
concrete burial boxes); and industrial waste. Examples of waste disposed in this burial ground include
ion-exchange resins, failed equipment, tanks, pumps, ovens, agitators, heaters, hoods, jumpers, vehicles,
and accessories. Only a few areas in two trenches received mixed waste after August 19, 1987, the
effective date of mixed waste in Washington State.

Waste historically received at 218-W-3AE Burial Ground includes miscellaneous waste (e.g., rags, paper,
rubber gloves, disposable supplies, and broken tools), industrial waste (e.g., failed equipment, tanks,
pumps, ovens, agitators, heaters, hoods, jumpers, vehicles, and accessories), and radiological waste.
Only a few areas in two trenches in this burial ground received mixed waste after August 19, 1987.

The 218-W-5 Burial Ground received packaged waste materials from 200 West Area operations, as well
as other wastes from the Hanford Site and offsite. Examples of waste disposed to this burial ground
include rags, paper, rubber gloves, disposable supplies, and broken tools. Two lined trenches
(Trenches 31 and 34) received mixed waste. Aside from the lined trenches (Trenches 31 and 34), one
small area in one unlined trench received mixed waste after August 19, 1987.
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2.4 Geology and Hydrogeology

The geology and hydrology of the 200 West Area, including the area of LLWMA-3, is described in detail
in the following documents:

" PNL-6820, Hydrogeology of the 200 Areas Low-Level Burial Grounds - An Interim Report

" PNL-7336, Geohydrology of the 218-W-5 Burial Ground

* PNNL-13858, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-West Area and
Vicinity, Hanford Site, Washington

* PNNL- 16887, Geologic Descriptions for the Solid- Waste Low Level Burial Grounds

" WHC-SD-EN-AP-0 15, Revised Ground- Water Monitoring Plan for the 200 Areas Low-Level
Burial Grounds

" WHC-SD-EN-TI-290, Geologic Setting of the Low-Level Burial Grounds

The following discussion summarizes descriptions from these documents. The uppermost aquifer and
aquifers hydraulically interconnected beneath the LLWMAs are also discussed.

The LLWMA-3 is underlain from the ground surface to the top of the basalt by the Hanford formation,
the Cold Creek unit, and the Ringold Formation. The Ringold Formation at this location is mostly sand
and gravel, with minor units of finer grained sediment. The Ringold Lower Mud Unit is absent beneath
the northernmost portion of the area (PNNL- 13858).

The suprabasalt sediment ranges in thickness from 145 to 160 m (475.7 to 524.9 ft) and generally dips to
the south. The Cold Creek unit rises to within 6 m (19.7 ft) of the surface along the northern boundary of
LLWMA-3 (PNL-7336).

The vadose zone beneath LLWMA-3 is between approximately 74 and 78 m (242.8 and 255.9 ft) thick
and consists of the Hanford formation, the Cold Creek unit, the Taylor Flats member of the Ringold
Formation (not everywhere present beneath LLWMA-3), and the upper portion of Unit E of the Wooded
Island member of the Ringold Formation. The water table is at approximately 134 to 137 m (439.6 to
449.5 ft) elevation and is entirely within the upper Ringold Unit E. The saturated thickness of the
uppermost aquifer is approximately 60 m (196.8 ft) in the south and 75 m (246.1 ft) in the north where the
Ringold Lower Mud Unit is absent (PNNL- 13858). There is some evidence that a locally confining layer,
or at least a zone of lower permeability, may be present just at the water table.

Water levels in the unconfined aquifer increased as much as 13 m (42.7 ft) above the pre-Hanford natural
water table beneath Waste Management Area T (located approximately 400 m [1,312.3 ft] south of
LLWMA-3) due to artificial recharge from liquid waste disposal operations between the mid-i 940s and
1995. The height of the water table mound beneath LLWMA-3 is not known because there were no wells
in the area with water-level measurements prior to initiating RCRA monitoring in the late 1980s.
However, discharges to T Pond and U Pond from the 1940 through the 1970s changed the groundwater
flow direction beneath the LLWMA from eastward (the pre-Hanford direction) to the north and
northwest. More recently, flow direction has returned to the pre-Hanford east or east northeast direction.
The State-Approved Land Disposal Site is located about 500 m (1,640.4 ft) north of LLWMA-3 and
began operation in 1995. Since that time, more than 880 million L (232 million gal) of effluent have been
discharged to the facility. Those discharges have not affected the groundwater flow direction
beneath LLWMA-3.
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The hydraulic conductivity values derived from aquifer testing in wells completed in the upper portion of
the unconfined aquifer at LLWMA-3 varied from 0.02 to 9.8 m/day (0.07 to 32.2 ft/day). Assuming an
average effective porosity of aquifer materials between 0.1 and 0.3, and a hydraulic gradient of 0.0014,
the average flow rate is calculated at 0.0001 to 0.14 m/day (0.000328 to 0.459 ft/day). A current
groundwater elevation map for LLWMA-3 is shown in Figure 2-1.

2.5 Summary of Previous Groundwater Monitoring

Groundwater monitoring was initiated at the LLWMA-3 in 1987 in accordance with
WHC-SD-EN-AP-015. The LLWMAs are sampled semiannually for geochemical analyses and are
included in the annual comprehensive March water-level measurement campaign. Groundwater
monitoring results are summarized annually for the LLWMAs in the annual Hanford groundwater
monitoring report (e.g., DOE/RL-2008-66, Hanford Site Groundwater Monitoring for Fiscal Year 2008).

The first RCRA monitoring wells at LLWMA-3 were installed in 1987. The initial network contained
three upgradient and eight downgradient wells. Additional wells were installed in 1989 (two wells),
1990 (one well), 1991 (two wells), and 1992 (one well). One of the upgradient wells and one
downgradient well were completed at the bottom of the unconfined aquifer; all other wells monitored the
upper 4.5 to 6 m (14.8 to 19.7 ft) of the unconfined aquifer. All of the wells were dry by 2007, except the
two deep wells and two of the original wells monitoring the top of the aquifer. The LLWMA-3 was
expanded in the late 1980s so well 299-W7-4, which was originally an upgradient well, became located in
the middle of the burial ground and was redefined as a downgradient well. Later, well 299-W7-4 could no
longer be sampled due to safety concerns regarding cave-in potential when traveling to the well. Three
additional downgradient wells were installed in 2006. New upgradient wells have not been approved in
the process of selecting and prioritizing well installation under the Tri-Party Agreement Milestone M-24
series. No new wells are currently planned for LLWMA-3 until the impact of the expanded 200-ZP- I
Groundwater Operable Unit (OU) pump-and-treat system is known.

Background monitoring at LLWMA-3 began in 1988. Critical mean values (WHC-SA-1 124-FP,
Statistical Approach on RCRA Groundwater Monitoring Projects at the Hanford Site) for the indicator
parameters TOC, TOX, pH, and specific conductivity were established in 1989 using data from four
quarters from upgradient wells 299-W9-1 and 299-W10-13. The critical mean was exceeded for TOX in
well 299-W7-4 and for TOC in wells 299-W7-5 and 299-W8-1 in September 1989. Resampling
confirmed the elevated TOX, and an interim status groundwater quality assessment program was initiated
(WHC-SD-EN-AP-022). Subsequent sampling indicated that the elevated TOC values were erroneous
and that the critical mean for TOC was not exceeded.

The groundwater monitoring network at LLWMA-3 was sampled quarterly between 1988 and
December 1993, with the exception of the period between June 1990 and June 1991 when laboratory
services were unavailable. The additional sampling and groundwater quality assessment indicated that
elevated TOX in well 299-W7-4 was due to carbon tetrachloride from upgradient sources. Consequently,
LLWMA-3 returned to a background evaluation program in January 1994 to re-establish background and
then to indicator evaluation monitoring after one year. The LLWMA-3 has remained in indicator
evaluation monitoring since that time.
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The groundwater monitoring activities at LLWMA-3 currently consist of water-level monitoring and
chemical constituent monitoring. The LLWMA-3 is sampled semiannually, every March and September,
from a network of six wells. Samples are analyzed semiannually for the indicator parameters and annually
for anions, metals, and phenols. Sitewide water-level measurements are collected every March.

2.6 Conceptual Model

This section describes the LLWMA-3 conceptual model for potential contaminant transport to guide
future groundwater monitoring. The conceptual model for contaminant release and transport is based on
the following assumptions:

* Engineered barriers are not taken into account, so the model is applicable to unlined trenches but is
highly conservative for the newest (lined) mixed waste trenches.

* Average precipitation and net infiltration (5 to 10 cm/year [2 to 3.9 in./year]) prevail over the
timeframe of interest.

* Net infiltration is assumed to occur under gravity drainage.

* Maximum vertical hydraulic conductivity in the vadose zone is assumed to be significantly larger
than the net infiltration rate.

* The effective saturated porosity in the vadose zone is equal to the moisture content.

* Leaching of mobile contaminants from buried waste in unsealed containers or contaminated soils
in direct contact with the trench are assumed to be the major potential sources for contamination.

* There are no artificial sources of water (e.g., leaking potable or raw water lines) based on Hanford
Site drawings.

* Extreme conditions or accidental releases are recognized as factors but would be addressed under
emergency response/corrective actions.

2.6.1 Geochemical Considerations
The solubility and subsequent mobility of waste constituents in pore fluid depend on the container,
chemical nature of the waste constituents, and natural subsurface geochemical conditions.

Pore fluid in the unsaturated and saturated zones beneath LLWMA-3 is slightly alkaline (7 < pH < 8),
with appreciable amounts of bicarbonate (HC0 3 ) and very little natural organic material. The lack of
organic matter means that conditions generally are oxidizing. Calcium carbonate is also abundant in
vadose zone sediment. These general conditions favor sorption or retardation of many heavy metals
(e.g., lead) and favor formation of anionic species, which enhances mobility for other metals
(e.g., hexavalent chromium). Laboratory sorption studies have documented these effects and related
mobility issues in Hanford Site media (PNNL- 11800, Composite Analysis ofLow-Level Waste Disposal
in the 200 Area Plateau of the Hanford Site).

2.6.2 Soil Moisture Factors
With the exception of waste in sealed metal or concrete containers (e.g., retrievable waste), direct
precipitation is the primary driver for hypothetical leaching of waste constituents from the burial
trenches and subsequent transport to groundwater. Contaminants in the soil disposed to the trench or
waste in degradable containers (e.g., cardboard boxes or wooden boxes) subject to collapse are assumed
to be leachable.

2-6



DOE/RL-2009-68, REV. 0

The amount of natural infiltration that can pass through the leachable buried waste and drain to the water
table is controlled by the texture of the cover and backfill and by the amount of vegetative cover.
Stratigraphic features in the soil column beneath the buried waste can also influence or retard downward
migration by spreading soil moisture laterally. Direct observational evidence to assess this effect at
LLWMA-3 is lacking. Under the gravity drainage assumption, only a small horizontal gradient
component is likely to be available to produce lateral spreading of infiltrating water.

Most of the burial ground trenches are backfilled with natural excavation materials (Hanford formation)
consisting of coarse gravel, cobbles, and some interstitial sand. Some amount of vegetation exists on the
established backfilled areas and the unused portions of the LLWMA. A coarse, nonvegetated cover
material allows a major fraction of the precipitation to infiltrate and potentially drain to groundwater. It is
estimated that recharge rates at the Hanford Site range from nearly 0 mm/year at highly vegetated sites to
greater than 50 mm/year at gravel-covered, nonvegetated sites (PNNL-14702, Vadose Zone
Hydrogeology Data Package for Hanford Assessments).

2.6.3 Hydrogeologic Considerations
The vadose zone beneath LLWMA-3 is approximately 75 m (246 ft) thick and consists of (from top to
bottom) the Hanford formation, the Cold Creek unit, and the Ringold Formation. The Cold Creek unit is
likely to retard downward movement of moisture and contaminants because of the finer textured sediment
and cementing that characterize this stratigraphic feature in the vadose zone. The depth of the Cold Creek
unit increases from north to south beneath the LLWMA, so any lateral spreading on top of the Cold Creek
unit will be toward the south.

If contaminants do break through to groundwater beneath LLWMA-3, the contaminants would move
toward the east-northeast. The flow direction has shifted from nearly north to northeast and is slowly
changing eastward as the influence of the groundwater mound subsides. Because of the low permeability
of the aquifer in this area, the groundwater flow rate is estimated to be between approximately 0.04 to
50 m/year (0.13 to 164 ft/year).

2.7 Data Quality Objectives
The data quality objectives (DQO) process is used to ensure that data gathered are of the appropriate
quality and quantity to meet specific objectives.

The current groundwater monitoring network for LLWMA-3 is a result of previous investigations and
DQO-equivalent studies. Groundwater monitoring is ongoing at LLWMA-3 in accordance with interim
status regulations. Table 2-2 provides a matrix of data requirements that are typically determined using
the DQO process, the associated interim status regulations applicable to these requirements, and the
current and historical documentation specifying how the monitoring program for LLWMA-3 complies
with the requirements.
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Table 2-1. Data Quality Objectives at RCRA Sites Monitoring for Indicator Parameters

DQO Related Plan Criteria and Associated
Parameter Requirements Historical Documentation

Scope RCRA interim status groundwater monitoring at sites
where no impact to groundwater has been identified.
Related requirements are found in WAC 173-303-400(3)
and 40 CFR 265.90 through 265.94, as modified by
WAC 173-303-400(3)(b) and WAC 173-303-400(3)(c)(v).

Number and 40 CFR 265.91 Ground-Water Monitoring System. This plan, Section 3.2
location of wells (a) A ground-water monitoring system must be capable of PNNL-14859, Inteim Status
Point(s) of yielding ground-water samples for analysis and must Groundwater Monitoring Plan
compliance consist of: for Low-Level Waste

(1) Monitoring wells (at least one) installed hydraulically Management Areas I to 4,
upgradient (i.e., in the direction of increasing static head) RCRA Facilities, Hanford,
from the limit of the waste management area. Their Washington
number, locations, and depths must be sufficient to yield PNNL-14859-ICN-1
ground-water samples that are:
(i) Representative of background ground-water quality in
the uppermost aquifer near the facility; and
(ii) Not affected by the facility; and
(2) Monitoring wells (at least three) installed hydraulically
downgradient (i.e., in the direction of decreasing static
head) at the limit of the waste management area. Their
number, locations, and depths must ensure that they
immediately detect any statistically significant amounts of
hazardous waste or hazardous waste constituents that
migrate from the waste management area to the
uppermost aquifer.

Well configuration 40 CFR 265.91 Ground-Water Monitoring System, and This plan, Section 3.2
(depth and length of WAC 173-303-400. PNNL-14859, Interim Status
screened interval; (c) All monitoring wells must be cased in a manner that Groundwater Monitoring Plan
well construction) maintains the integrity of the monitoring well borehole. for Low-Level Waste

This casing must be screened or perforated, and packed Management Areas I to 4,
with gravel or sand where necessary, to enable sample RCRA Facilities, Hanford,
collection at depths where appropriate aquifer flow zones Washington
exist. The annular space (i.e., the space between the PNNL-14859-ICN-1
borehole and well casing) above the sampling depth must
be sealed with a suitable material (e.g., cement grout or PNNL-14859-ICN-2
bentonite slurry) to prevent contamination of samples and
the ground-water.

Additional Requirements from
WAC 173-303-400(3)(c)(v)(C).

Ground-water monitoring wells must be designed,
constructed, and operated so as to prevent ground-water
contamination. WAC 173-160 may be used as guidance
in the installation of wells.
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Table 2-1. Data Quality Objectives at RCRA Sites Monitoring for Indicator Parameters
DQO Related Plan Criteria and Associated

Parameter Requirements Historical Documentation

Frequency of
sampling

Types of analysis or
measurement

Method detection
limits or accuracy
and precision

40 CFR 265.92 Sampling and Analysis.
(b) The owner or operator must determine the
concentration or value of the following parameters in
ground-water samples in accordance with paragraphs (c)
and (d) of this section:

(1) Parameters characterizing the suitability of the
ground-water as a drinking water supply, as specified in
Appendix I11. [Note: These parameters are not listed
because, in accordance with 40 CFR 265.92(c)(1), these
analyses are conducted only during the first year, and this
site is not in the first year of monitoring.]

This plan, Section 3.1 and
Appendix A

PNNL-14859, Interim Status
Groundwater Monitoring Plan
for Low-Level Waste
Management Areas I to 4,
RCRA Facilities, Hanford,
Washington

PNNL-14859-ICN-1

PNNL-14859-ICN-2

(2) Parameters establishing ground-water quality:

(i) Chloride

(ii) Iron
(iii) Manganese
(iv) Phenols
(v) Sodium

(vi) Sulfate

[Comment: These parameters are to be used as a basis
for comparison in the event a ground-water quality
assessment is required under 40 CFR 265.93(d).]

(3) Parameters used as indicators of ground-water
contamination:

(i) pH

(ii) Specific conductance

(iii) Total organic carbon

(iv) Total organic halogen

(c)(1) For all monitoring wells, the owner or operator must
establish initial background concentrations or values of all
parameters specified in paragraph (b) of this section. The
owner or operator must do this quarterly for one year.

(2) For each of the indicator parameters specified in
paragraph (b)(3) of this section, at least four replicate
measurements must be obtained for each sample and the
initial background arithmetic mean and variance must be
determined by pooling the replicate measurements for the
respective parameter concentrations or values in samples
obtained from upgradient wells during the first year.
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Table 2-1. Data Quality Objectives at RCRA Sites Monitoring for Indicator Parameters

DQO Related Plan Criteria and Associated
Parameter Requirements Historical Documentation

40 CFR 265.92 Sampling and Analysis. (cont'd)

(d) After the first year, all monitoring wells must be
sampled and the samples analyzed with the following
frequencies:

(1) Samples collected to establish ground-water quality
must be obtained and analyzed for the parameters
specified in paragraph (b)(2) of this section at
least annually.

(2) Samples collected to indicate ground-water
contamination must be obtained and analyzed for the
parameters specified in paragraph (b)(3) of this section at
least semiannually.

(e) Elevation of the ground-water surface at each
monitoring well must be determined each time a sample
is obtained.

40 CFR 265.93 Preparation, Evaluation, and
Response.

(b) For each indicator parameter specified in
40 CFR 265.92(b)(3), the owner or operator must
calculate the arithmetic mean and variance, based on at
least four replicate measurements on each sample, for
each well monitored in accordance with
40 CFR 265.92(d)(2), and compare these results with its
initial background arithmetic mean. The comparison must
consider individually each of the wells in the monitoring
system, and must use the Student's t-test at the 0.01 level
of significance (see Appendix IV) to determine statistically
significant increases (and decreases, in the case of pH)
over initial background.

This plan, Section 4.2 and
Appendix A

PNNL-14859, Interim Status
Groundwater Monitoring Plan
for Low-Level Waste
Management Areas I to 4,
RCRA Facilities, Hanford,
Washington
PNNL-14859-ICN-1

PNNL-14859-ICN-2

Notes:

The references cited in this table are listed in the reference list (Chapter 5) of this plan.

CFR = Code of Federal Regulations

DQO = data quality objective
RCRA = Resource Conservation and Recovery Act of 1976

WAC = Washington Administrative Code
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3 Groundwater Monitoring

This chapter lists the wells monitored, constituents analyzed, and sampling frequency. The quality
assurance and quality control requirements are provided in the QAPjP in Appendix A.

3.1 Constituent List and Sampling Frequency
Table 3-1 lists the constituents to be analyzed under this plan. All wells will be sampled semiannually and
constituents monitored semiannually or annually, as indicated in Table 3-1.

Maintenance problems and sampling logistics sometimes delay scheduled sampling events. If a well is
delayed more than 3 months, that event will be cancelled, as it will be near the time for the next scheduled
sampling event. Missed sampling events will be reported in the annual groundwater report.

3.2 Monitoring Well Network
Figure 3-1 shows the groundwater monitoring well network for LLWMA-3, and Table 3-1 lists the wells
and their respective sampling schedules. Construction details and as-built diagrams for the wells in
LLWMA-3 monitoring network are provided in the Borehole Summary Report for RCRA Groundwater
Monitoring Wells at Low-Level Waste Management Areas 3 and 4, FY 2006 (WMP-30613). The wells in
the LLWMA-3 monitoring network may also be co-sampled with the 200-ZP-1 OU under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980. Sampling for
LLWMA-3 and the 200-ZP- 1 OU is coordinated to eliminate duplicate analyses and well trips.

Table 3-2 summarizes well attribute information, including the most recent (March 2009) depth to water
in each well. All of the wells in the LLWMA-3 monitoring network are constructed to meet the
requirements of WAC 173-160, "Minimum Standards for Construction and Maintenance of Wells."
These wells have stainless-steel casing and screen, sand pack in the screened interval, and full annular
seal above. Based on the current rate of water table decline (0.3 to 0.4 m/year [0.98 to 1.3 ft/year]), none
of the downgradient wells in the LLWMA-3 monitoring network are expected to go dry for at least
20 years.

As discussed in Section 2.2 of this plan, the upgradient wells have all gone dry, so statistical comparisons
have not been performed since fiscal year 2004. Section 4.4 discusses the issues and plans with regards to
constructing new RCRA wells to return the network to a compliant status.

3.3 Sampling and Analysis Protocol
Groundwater monitoring at LLWMA-3 follows the conventions of the project, which are described in the
QAPjP in Appendix A.
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Table 3-1. Sampling Schedule for Low-Level Waste Management Area 3

RCRA Required Constituents' Supporting Constituentsb

Contamination Indicator Groundwater
Parameters Quality Parameters

Anionsd Metals (Filtered and
Unfiltered)

CL; E 4) 0

0 0 u .

Well E
Name Purpose C. LO U cf .

299-W7-4e Downgradient Y A - - - - - - - - - - - - - -

299-W10-29 Downgradient Y S S4 S4 S4 S4 A A A A A A S S S S

299-W10-30 Downgradient Y S S4 S4 S4 S4 A A A A A A S S S S

299-W10-31 Downgradient Y S S4 S4 S4 S4 A A A A A A S S S S

Notes:
a. Constituents and parameters required by 40 CFR 265.92, "Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal

Facilities," "Sampling and Analysis."
b. Constituents not required by RCRA but needed to support interpretation.
c. Field measurement.

d. For anions, analytes include, but are not limited to, chloride, fluoride, nitrate, nitrite, and sulfate.

For metals, analytes include, but are not limited to, calcium, chromium, iron, magnesium, manganese, potassium, and sodium.

e. This well is not currently scheduled for parameter or constituent sampling due to access and safety issues; however, the well may become accessible for sampling if
access and safety issues are resolved. The well can currently be accessed by foot to obtain annual water-level measurements.

A = sampled annually
CFR = Code of Federal Regulations
LLWMA = low-level waste management area

RCRA = Resource Conservation and Recovery Act of 1976
S = sampled semiannually
S4 = sampled semiannually with quadruplicate samples taken

VOA = volatile organic analysis

WAC = Washington Administrative Code

Y = well is constructed to the resource protection well standards of WAC 173-160, "Minimum Standards for Construction and Maintenance of Wells"

Na

0

0
0

Co
0)

00

I
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Figure 3-1. Map Showing Locations of RCRA Monitoring Wells at Low-Level Waste Management Area 3

Table 3-2. Attributes for Wells in Low-Level Waste Management Area 3 Groundwater Monitoring Network

Brass Water
Survey Table Open Open
Marker Elevation Interval Interval

Elevation (March Top Bottom Water
Well Completion Easting Northing (m 2009) (m (m Remaining
Name Date (m) (m) NAVD88) (n amsl) amsi) amsl) (m)

299-W74 11/19/87 566,40837 137,308,24 203.92 135.13 142.02 132.92 2.2

299-W10-29 3/13/06 566,082.98 136,828.74 211.

299-W10-30 4/3/06 566,082.18 136,738.33 210.

299-W10-31 5/10/06 566,266.44 136,96834 209

Notes:
amsl = above mean sea level

NAVD88 North American Vertical Datum of 1988

62

86

.67

135.85 136.92
4 I- -I I

135.86

135.51

136.96 126.36

136.57 125.87

9.5

9.64
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3.4 Differences Between This Plan and Previous Plan

There are several differences between this plan and the previous plan (PNNL-14859-ICN-2) in regard to
the wells and analytes monitored, including three wells that have been removed from the network and one
well that is inaccessible for sampling:

* Well 299-W7-3 and 299-W10-14: These two wells are screened deep in the unconfined aquifer, and
both have been monitored since 1988. Data from both wells have never been used for statistical
comparisons at the LLWMA, and neither well has detected contamination, except for elevated nitrate.
For these reasons, both wells have been removed from the monitoring network.

" Well 299-W8- 1: This well was originally drilled as a downgradient well when groundwater flow
direction was toward the north. Flow direction has subsequently changed to the east, and the well is
now located cross-gradient from LLWMA-3. For this reason, well 299-W8-1 has been removed from
the monitoring network.

* Well 299-W7-4: This well was originally drilled as a downgradient well before the 218-W-3AE
Burial Ground was expanded. The well is now in the interior of the 218-W-3AE Burial Ground.
A decision was made in 2008 to forbid vehicle access to the well due to safety concerns regarding
cave-in potential. This decision is currently under review. Therefore, well 299-W7-4 is currently not
being sampled for RCRA parameters or constituents (other than water levels) and has been removed
from the monitoring network. However, the well may be put back into the network pending resolution
of safety issues associated with access for sampling.

One analyte has been removed from the LLWMA-3 analyte list. Reduction-oxidation potential was
removed because the measurement is unreliable in the field. Mercury and lead have been removed from
the analyte list because 20 years of monitoring for the constituents has shown that neither is a problem
at LLWMA-3.

Groundwater quality parameter sampling frequency has been changed from semiannual to annual, which
remains in compliance with 40 CFR 265.92(d)(1).

3-4
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4 Data Evaluation and Reporting

This chapter discusses data evaluation and reporting for LLWMA-3.

4.1 Data Review

Data review, validation, and verification are discussed in the QAPjP in Appendix A.

4.2 Statistical Evaluation

The goal of RCRA indicator evaluation monitoring is to determine if LLWMA-3 has affected
groundwater quality beneath the site. For most RCRA treatment, storage, and disposal facilities at the
Hanford Site, this is determined based on the results of specified statistical tests. The sampling
procedures and statistical evaluation methods are based on 40 CFR 265, Subpart F (incorporated by
reference in WAC 173-303-400). These interim status regulations require using a statistical method that
compares mean concentrations of the four general contamination indicator parameters (i.e., TOC, TOX,
pH, and specific conductance) in downgradient wells to background levels obtained from upgradient
wells. Currently there are no upgradient wells at LLWMA-3, so statistical comparisons are not made for
this LLWMA.

When statistical comparisons become applicable again in the future, the basic procedure is as follows.
For each of the four indicator parameters, the owner or operator must calculate the arithmetic mean and
variance, based on at least four replicate measurements on each sample, for each well monitored, and then
compare these results with the initial background arithmetic mean. The comparison must consider each of
the individual wells in the monitoring system and must use the Student's t-test at the 0.01 level of
significance to determine statistically significant increases (and decreases, in the case of pH) over initial
background. Implementation of the statistical test method at the Hanford Site, including at LLWMA-3, is
described in further detail in Hanford Site Groundwater Monitoring: Setting, Sources, and Methods
(PNNL-13080); Statistical Approach on RCRA Groundwater Monitoring Projects at the Hanford Site
(W HC-SA-1 124-FP); and Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities -
Unified Guidance (EPA 530-R-09-007).

If comparisons for an upgradient well show a significant increase (or pH decrease), the information must
be submitted in the Hanford Site annual groundwater report. If the comparisons for a downgradient well
show a significant increase (or pH decrease), then the well is resampled and split samples are sent to
different laboratories to determine if the exceedance of the comparison value was the result of laboratory
error. In addition, the original samples may be re-analyzed if laboratory error is suspected.

If the exceedance of the statistical comparison value is confirmed by resampling, written notice is then
provided to the regional administrator within 7 days that the facility may be affecting groundwater
quality. Within 15 days after the notification, a groundwater quality assessment program must be
developed and submitted. In some instances, it is possible to immediately determine that the statistical
finding is not the result of contamination from the facility. In that case, the regional administrator is
notified and an assessment program is not instituted.

4.3 Interpretation

After the data are validated and verified, acceptable data are used to interpret groundwater conditions at
LLWMA-3. Interpretive techniques include the following:
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* Hydrographs: Graph water levels versus time to determine decreases, increases, seasonal, or
manmade fluctuations in groundwater levels.

* Water table maps: Use of water table elevations from multiple wells to construct contour maps and to
estimate flow directions. Groundwater flow is assumed to be perpendicular to lines of equal potential
on the maps.

* Trend plots: Graph concentrations of constituents versus time to determine increases, decreases, and
fluctuations. May be used in tandem with hydrographs and/or water table maps to determine if
concentrations relate to changes in water level or groundwater flow directions.

* Plume maps: Mapped distributions of chemical constituent concentrations in the aquifer to determine
the extent of contamination. Changes in plume distribution over time assist in determining plume
movement and direction of groundwater flow.

* Contaminant ratios: Can sometimes be used to distinguish among different sources of contamination.

4.4 Annual Determination of Monitoring Network

The RCRA groundwater monitoring requirements include an annual evaluation of the groundwater
monitoring network to determine if the network remains adequate to monitor the LLWMA. The network
must include upgradient and downgradient wells in the uppermost aquifer.

The groundwater flow direction beneath LLWMA-3 may change in the future due to discharges at the
State-Approved Land Disposal Site (north of the LLWMA) or changes in extraction and injection
associated with the 200-ZP- 1 OU pump-and-treat system. The 200-ZP- 1 pump-and-treat system is
currently being expanded and is expected to begin operations in late 2011. The expansion has delayed
proposing new monitoring well construction until after the anticipated large effects of the expanded
pump-and-treat system are measured. However, an evaluation is underway to site an upgradient well, near
mixed waste Trenches 31 and 34 that would be functional even with the impact of the expanded 200-ZP- 1
pump-and-treat system. Any new RCRA wells needed at LLWMA-3 will be negotiated and prioritized by
Ecology, DOE, and EPA and approved in accordance with Tri-Party Agreement (Ecology et al. 1989)
Milestone M-24-00.

Water-level measurements will be collected before each sampling event. A more comprehensive set of
water-level measurements is made in the northern portion of the 200 West Area during March of each
year, and the data are presented in the annual groundwater monitoring report (e.g., DOE/RL-2008-66).

4.5 Reporting and Notification

The results of indicator evaluation monitoring are reported annually in accordance with the requirements
of 40 CFR 265.94, "Recordkeeping and Reporting." Reporting will be made in annual Hanford Site
groundwater monitoring reports (e.g., DOE/RL-2008-66).
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Appendix A

Quality Assurance Project Plan
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A Quality Assurance Project Plan

The contractor's quality assurance (QA) program describes the contractor's QA structure, requirements,
implementation methods, and responsibilities. The contractor's environmental QA program plan provides
the requirements for collecting and assessing environmental data in accordance with the following:

* 10 Code ofFederal Regulations (CFR) 830, Subpart A, "Nuclear Safety Management,"
"Quality Assurance Requirements"

" DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Document
(HASQARD)

" EPA/240/B-01/003, EPA Requirements for Quality Assurance Project Plans, EPA QAIR-5

" U.S. Department of Energy (DOE) 0 414.1C, Quality Assurance

This quality assurance project plan (QAPjP) establishes the quality requirements for environmental data
collection including the planning, implementation, and assessment of sampling, field measurements, and
laboratory analyses. Section 6.5 and 7.8 of the Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) (Ecology et al. 1989a), Attachment 2, "Action Plan," require that QA/quality
control (QC) and sampling and analysis activities specify the QA requirements for treatment, storage, and
disposal (TSD) units, as well as for past-practice processes. The HASQARD requirements
(DOE/RL-96-68) also apply to this work.

The content of this QAPjP is patterned after the QA elements of EPA/240/B-01/003. The QAPJP
demonstrates conformance to the Part B requirements of Quality Systemsfor Environmental Data and
Technology Programs: Requirements with Guidancefor Use (ANSI/ASQ E4). This QAPjP is divided into
four sections (designated in EPA/240/B-01/003) that describe the quality requirements and controls
applicable to this investigation. This QAPjP is intended to supplement the contractor's environmental
QA program plan.

Al Project Management
This section addresses the basic aspects of project management and will ensure that the project has
defined goals, that the participants understand the goals and the approaches used, and that the planned
outputs are appropriately documented.

AI.1 Project/Task Organization

The project organization in regard to planning, sampling, analysis, and data assessment is described in the
following subsections and is shown in Figure A-1. For each functional primary contractor role, there is
a corresponding oversight role within DOE.

A1.1.1 Regulatory Project Manager
The Washington State Department of Ecology (Ecology) project manager is responsible for oversight
of the work being performed under this groundwater monitoring plan. Ecology will work with the DOE
Richland Operations Office (RL) to resolve concerns regarding the work as described in this QAPjP.
Ecology can request this plan during a regulatory compliance inspection for review.
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Figure A-1. Project Organization

A1.1.2 U.S. Department of Energy, Richland Operations Office Project Manager
Hanford Site cleanup is the responsibility of RL. The RL project manager is responsible for authorizing
the contractor to perform activities under the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980; the Resource Conservation and Recovery Act of 1976 (RCRA); the Atomic
Energy Act of 1954; and the Tri-Party Agreement for the Hanford Site.

A1.1.3 U.S. Department of Energy, Richland Operations Office Subject Matter Expert
The RL subject matter expert is responsible for day-to-day oversight of the contractor's performance of
workscope, for working with the contractor and the regulatory agencies to identify and work through
issues, and for providing technical input to the RL project manager.

A1.1.4 Contractor Groundwater Remediation Department Manager
The contractor groundwater remediation department manager provides oversight for all activities and
coordinates with DOE, the regulators, and primary contractor management in support of sampling and
reporting activities. The remediation department manager also provides support to the RCRA Monitoring
and Reporting manager to ensure that work is performed safely and cost effectively.
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A1.1.5 Groundwater Sampling Operations
Groundwater sampling operations is responsible for planning and coordinating field sampling resources
and provides the field work supervisor for routine groundwater sampling operations. The field work
supervisor directs the samplers, who collect groundwater samples in accordance with the sampling and
analysis plan, and corresponding standard procedures and work packages. The samplers also complete the
field logbook and chain-of-custody forms, including any shipping paperwork, and ensure delivery of the
samples to the analytical laboratory.

A1.1.6 RCRA Monitoring and Reporting
The RCRA Monitoring and Reporting manager is responsible for direct management of activities
performed to meet RCRA TSD monitoring requirements. The RCRA Monitoring and Reporting manager
coordinates with and reports to DOE and primary contractor management regarding RCRA TSD
monitoring requirements. The RCRA Monitoring and Reporting manager assigns scientists to provide
technical expertise.

A1.1.7 Sample Management and Reporting Organization
The Sample Management and Reporting organization coordinates laboratory analytical work to ensure
that laboratories conform to HASQARD requirements (or their equivalent), as approved by DOE, the
U.S. Environmental Protection Agency (EPA), and Ecology. Sample Management and Reporting receives
analytical data from the laboratories, performs data entry into the Hanford Environmental Information
System (HEIS) database, and arranges for data validation. Sample Management and Reporting is
responsible for informing the RCRA Monitoring and Reporting manager of any issues reported by
the analytical laboratories.

A1.1.8 Contract Laboratories
The contract laboratories analyze samples in accordance with established procedures and provide
necessary sample reports and explanations of results to support data validation. The laboratories must
meet site-specific QA requirements and must have an approved QA plan in place.

A1.1.9 Quality Assurance
The QA point of contact is matrixed to the subject matter expert and is responsible for QA issues on the
project. Responsibilities include overseeing implementation of the project QA requirements; reviewing
project documents, including data quality objective (DQO) summary reports, sampling and analysis plans,
and the QAPjP; and participating in QA assessments on sample collection and analysis activities, as
appropriate. The QA point of contact must be independent of the unit generating the data.

A1..10 Environmental Compliance Officer
The environmental compliance officer provides technical oversight, direction, and acceptance of project
and subcontracted environmental work, and also develops appropriate mitigation measures with the goal
of minimizing adverse environmental impacts.

A1.1.11 Health and Safety
The Health and Safety organization is responsible for coordinating industrial safety and health support
within the project as carried out through health and safety plans, job hazard analyses, and other pertinent
safety documents required by federal regulations or by internal primary contractor work requirements.

A1.1.12 Waste Management
Waste Management communicates policies and procedures and ensures project compliance for storage,
transportation, disposal, and waste tracking in a safe and cost-effective manner.
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A1.2 Problem Definition/Background

The problem definition, as required by Washington Administrative Code (WAC) 173-303-400
("Dangerous Waste Regulations," "Interim Status Facility Standards") and 40 CFR 265, Subpart F
("Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
Disposal Facilities," "Groundwater Monitoring"), is outlined in the main text discussion of this
monitoring plan. The background is also provided in the monitoring plan.

Al.3 Project/Task Description

The project description is provided in Chapters 3 and 4 of this monitoring plan and includes the selection
of appropriate dangerous waste or dangerous waste constituents, collection and analyses of groundwater
from the monitoring network, interpretation of analytical results, evaluation of the monitoring network,
and reporting.

The target analytes, along with the monitoring wells and frequency of sampling, are provided in
Chapter 3.

AI.4 Quality Objectives and Criteria

The quality objectives and criteria for groundwater monitoring are defined in the tables provided in this
QAPjP in order to meet the evaluation requirements stated in the monitoring plan.

A1.5 Special Training/Certification

Workers receive a level of training that is commensurate with their responsibility of collecting and
transporting groundwater samples according to the Dangerous Waste Training Plan maintained for
the TSD unit to meet the requirements of WAC 173-303-330, "Personnel Training." The field work
supervisor, in coordination with line management, will ensure that all field personnel meet
training requirements.

A1.6 Documents and Records

The project scientist is responsible for ensuring that the current version of the groundwater monitoring
plan is used and for providing any updates to field personnel. Version control is maintained by the
administrative document control process. Significant changes to the plan that affect DQOs will be
reviewed and approved by DOE and the regulatory agency prior to implementation. Table A-I defines the
types of changes that may be made to the sampling design and the documentation requirements.

Logbooks and data forms are required for field activities. The logbook must be identified with a unique
project name and number. Individuals responsible for the logbooks shall be identified in the front of the
logbook, and only authorized individuals may make entries into the logbooks. Logbooks will be
controlled in accordance with internal work requirements and processes.

The HEIS database will be identified as a data repository for the Hanford Facility Operating Record unit
file. Records may be stored in either electronic or hardcopy format. Documentation and records,
regardless of medium or format, are controlled in accordance with internal work requirements and
processes that ensure accuracy and retrievability of stored records. Records required by the Tri-Party
Agreement will be managed in accordance with the requirements therein.
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Table A-1. Actions and Documentation for Regulatory Notification

Type of Change Action Documentation

Temporary addition of wells or RCRA Monitoring and Reporting Project's schedule trackingconstituents, or increased sampling manager approval; notify systemfrequency regulatory agency, if appropriate

Unintentional impact to groundwater
monitoring plan including one-time
missed well sampling due to operational
constraints, delayed sample collection, Electronic notification RCRA annual report
broken pump, lost bottle set, missed
sampling of indicator parameters, loss of
samples in transit, etc.

Planned change to groundwater
monitoring activities, including addition or Revise monitoring plan Revised RCRA groundwater
deletion of constituents or wells, change monitoring plan
of sampling frequency, etc.

Anticipated unavoidable changes Electronic notification; revise RCRA annual report and revised
(e.g., dry wells) monitoring plan groundwater monitoring plan

Notes:
RCRA = Resource Conservation and Recovery Act of 1976

The results of groundwater monitoring are reported annually in accordance with the requirements of
40 CFR 265.94, "Recordkeeping and Reporting." Reporting will be made in annual Hanford Site
groundwater monitoring reports (e.g., DOE/RL-2008-66, Hanford Site Groundwater Monitoringfor
Fiscal Year 2008).

A2 Data Generation and Acquisition
This section addresses data generation and acquisition to ensure that the project's methods for sampling,
measurement and analysis, data collection or generation, data handling, and QC activities are appropriate
and documented.

A2.1 Sampling Process Design (Experimental Design)

The sampling design is based on regulatory requirements and judgmental sampling.

A2.1.1 Regulatory Requirements
The groundwater protection regulations of WAC 173-303-400 dictate the groundwater sampling and
analysis requirements applicable to interim status TSD units.

A2.1.2 Judgmental Sampling
The selection of sampling and analysis requirements is based on knowledge of the feature or condition
under investigation and is also based on professional judgment. The TSD monitoring is based on
professional judgment. Conclusions depend on the validity and accuracy of professional judgment.
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A2.2 Sampling Methods
Sampling is described in the contractor's environmental QA program plan, including the following:

* Field sampling methods
* Sample preservation, containers, and holding times
* Corrective actions for sampling activities
* Decontamination of sampling equipment

The groundwater sampling operations supervisor must ensure that situations that may impair the usability
of samples and/or data are documented in field logbooks or on nonconformance report forms in
accordance with internal corrective action procedures, as appropriate. The groundwater sampling
operations supervisor will note any deviations that occur from the standard procedures for sample
collection, contaminants of potential concern, sample transport, or monitoring. The groundwater sampling
operations supervisor is also responsible for coordinating all activities related to the use of field
monitoring equipment (e.g., dosimeters and industrial hygiene equipment). Field personnel will document
in the logbook all noncompliant measurements taken during field sampling. Ultimately, the groundwater
sampling operations supervisor is responsible for developing, implementing, and communicating
corrective action procedures; for documenting all deviations from procedure; and for ensuring that
immediate corrective actions are applied to field activities. Problems with sample collection, custody, or
data acquisition that adversely impact data quality or impair the ability to acquire data or failure to follow
procedure will be documented in accordance with internal corrective action procedures, as appropriate.

A2.3 Sample Handling and Custody
A sampling and data tracking database is used to track samples from the point of collection through the
laboratory analysis process. Laboratory analytical results are entered and maintained in the HEIS
database. Each sample is identified and labeled with a unique HEIS sample number. The contractor's
environmental QA program plan specifies sample handling information, including the following:

* Container requirements
* Container labeling and tracking process
* Sample custody requirements
* Shipping and transportation

Sample custody during laboratory analysis is addressed in the applicable laboratory's standard operating
procedures. Laboratory custody procedures will ensure that sample integrity and identification are
maintained throughout the analytical process. Storage of samples at the laboratory will be consistent with
laboratory instructions prepared by the Sample Management and Reporting organization.

A2.4 Analytical Methods

Information on analytical methods is provided in Table A-2. These analytical methods are controlled in
accordance with the laboratory's QA plan and the requirements of this QAPjP. The primary contractor
participates in oversight of offsite analytical laboratories to qualify the laboratories for performing
Hanford Site analytical work.
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Table A-2. Preservation Techniques, Analytical Methods Used, and Current Method
Quantitation Limits for Continuing Constituents

Method
Collection and Analysis Quantitation

Constituent Preservationa Methodsb Limit (pgIL)c

Contamination Indicator Parameters

Total organic carbon G/P, HCL to pH <2 SW-846 Method 9060 1,000

Total organic halides G,nHO to pH <2, SW-846d Method 9020 20

Metals Analyzed by Inductively Coupled Plasma Method - Unfiltered/Filtered

Calcium 1,000

Cadmium 5

Sodium SW-8 46d Method 601OB/C, 500
Manganese P, HNO3 to pH <2 SW-846 Method 6020e, or 5

EPAI600 Method 200.8e
Potassium 4,000

iron 50

Magnesium 750

Anions by Ion Chromatography

Bromide 250

Chloride 200

Fluoride 500

Nitrate P EPAI600 Method 300.Of 250

Nitrite 250

Phosphate 500

Sulfate 500

Other

Standard Methodg 2320,
Alkalinity G/P EPAN600 Method 310.1, 5,000

EPAI600 Method 310.2

Conductivity, field Field measurement Instrument/meter 1 pohm

Dissolved oxygen, field Field measurement Instrument/meter 0 mg/L

pH, field measurement Field measurement Instrument/meter 0.1

SW-846 Method 8040, 5
Phenol G SW-846 Method 8041, 5

SW-846 Method 8270D 10

Temperature Field measurement Instrument/meter

Turbidity, field measurement Field measurement Instrument/meter 0.1 NTU
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Table A-2. Preservation Techniques, Analytical Methods Used, and Current Method
Quantitation Limits for Continuing Constituents

Method
Collection and Analysis Quantitation

Constituent Preservation' Methodsb Limit (pg/L)*

Notes:

a. All samples will be collected in plastic (P) or glass (G) containers and will be cooled to 40C upon collection.

b. Constituents grouped together are analyzed by the same method, unless otherwise indicated.

c. Detection limit units, unless otherwise indicated.

d. SW-846, Methods for Evaluation of Solid Waste: Physical/Chemical Methods.
e. SW-846 Method 6010 is the preferred method; however, Method 6020 or EPA/600 Method 200.8 may be used,

as long as the method quantitation limit listed is met.

f. Analytical method adapted from Method 300.0, Test Methods for Determination of Inorganic Anions in Water
by Ion Chromatography (EPA-600/4-84-017).

g. Standard Methods for the Examination of Water and Wastewater (APHA et al. 2005).
EPA = U.S. Environmental Protection Agency

NTU = nephelometric turbidity unit

Laboratories providing analytical services in support of this QAPjP will report errors to the Sample
Management and Reporting project coordinator, who will then initiate a sample disposition record. The
error-reporting process is intended to document analytical errors and the resolution of those errors with
the project scientist. The corrective action program addresses the following:

* Evaluation of impacts of laboratory QC failures on data quality

* Root-cause analysis of QC failures

* Evaluation of recurring conditions that are adverse to quality

* Trend analysis of quality-affecting problems

* Implementation of a quality improvement process

* Control of nonconforming materials that may affect quality

A2.5 Quality Control

The QC procedures must be followed in the field and laboratory to ensure that reliable data are obtained.
Field QC samples will be collected to evaluate the potential for cross-contamination and to provide
information pertinent to field variability. Field QC for sampling will require the collection of field
replicates (duplicates), trip or field blanks, and equipment blanks. Laboratory QC samples estimate the
precision and bias of the analytical data. Field and laboratory QC samples are summarized in Table A-3.

A2.5.1 Field Quality Control Samples
Field QC samples will be collected to evaluate the potential for cross-contamination and field sampling
performance. The QC samples and the required frequency for collection are described in this section.

Full trip blanks (FTBs) are prepared by the sampling team prior to traveling to the sampling site. The FTB
is filled with high-purity reagent water. The bottles are sealed and transported, unopened, to the field in
the same storage containers used for samples collected that day. Collected FTBs are analyzed for the
same constituents as the samples. The FTBs are used to evaluate potential contamination of the samples
due to the sample bottles, preservative, handling, storage, or transportation.
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Table A-3. Quality Control Samples
Sample Type Primary Characteristics Evaluated Frequency

Field QC

Full trip blank Contamination from containers or transportation 1 per 20 well trips

Field transfer blank Contamination from sampling site 1 each day; volatile organic
compounds sampled

Equipment blank Contamination from non-dedicated equipment As neededa

Replicate/duplicate samples Reproducibility 1 per 20 well trips

Laboratory QC

Method blanks Laboratory contamination 1 per batch

Laboratory duplicates Laboratory reproducibility See footnoteb

Matrix spikes Matrix effect and laboratory accuracy See footnoteb

Matrix spike duplicates Laboratory reproducibility/accuracy See footnoteb

Surrogates Recovery/yield See footnoteb

Laboratory control samples Method accuracy 1 per batch

Notes:
a. For portable Grundfos@ (registered trademark of Grundfos Pumps Corporation, Colorado Springs, Colorado)

pumps, equipment blanks are collected 1 per 10 well trips. Whenever a new type of non-dedicated
equipment is used, an equipment blank shall be collected every time sampling occurs until it can be shown that
less frequent collection of equipment blanks is adequate to monitor the decontamination procedure for the
non-dedicated equipment.

b. As defined in the laboratory contract or quality assurance plan, and/or analysis procedures.

QC = quality control

Field transfer blanks (FXRs) are preserved volatile organic analysis sample bottles that are filled at the
sample collection site with high-purity reagent water that has been transported to the field. After
collection, FXR bottles are sealed and placed in the same storage containers with the samples from the
associated sampling event. The FXR samples are analyzed for volatile organic compounds only. The
FXRs are used to evaluate potential contamination caused by conditions in the field.

Equipment blanks (EBs) are samples in which high-purity reagent water is passed through the pump or
placed in contact with the sampling surfaces of the equipment to collect blank samples identical to the
sample set that will be collected. The EB bottles are placed in the same storage containers with the
samples from the associated sampling event. The EB samples are analyzed for the same constituents as
the samples from the associated sampling event. The EBs are used to evaluate the effectiveness of the
cleaning process to ensure that samples are not cross-contaminated from previous sampling events.

For the field blanks (i.e., FTBs, FXRs, and EBs), results above two times the method detection limit are
identified as suspected contamination. However, for common laboratory contaminants such as acetone,
methylene chloride, 2-butanone, toluene, and phthalate esters, the limit is five times the method
detection limit.
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Field duplicates, also known as replicates, are two samples that are collected as close as possible to the
same time and same location, and they are intended to be identical. Field duplicates are stored and
transported together and are analyzed for the same constituents. The field duplicates are used to
determine precision for both sampling and laboratory measurements. The results of the field duplicates
must have precision within 20 percent, as measured by the relative percent difference. Only field
duplicates with at least one result greater than five times the method detection limit or minimum
detectable activity are evaluated.

Double-blind samples contain a concentration of analyte known to the supplier but unknown to the
analyzing laboratory. The laboratory is not informed that the samples are QC samples. The project
submits double-blind samples to assess analytical precision and accuracy.

A2.5.2 Laboratory Quality Control Samples
The laboratory QC samples (e.g., method blanks, laboratory control sample/blank spikes, and matrix
spikes) are defined in Chapter 1 of SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical
Methods, and will be run at the frequency specified in that reference, unless superseded by agreement.

A2.5.3 Quality Control Requirements
Table A-4 lists the acceptance criteria for QC samples, and Table A-5 lists the acceptable recovery limits
for the double-blind standards. These samples are prepared by spiking Hanford Site background well
water with known concentrations of constituents of interest. Spiking concentrations range from the
detection limit to the upper limit of concentration determined in groundwater on the Hanford Site.
Investigations shall be conducted for double-blind standards that are outside of acceptance limits. The
results from these standards are used to determine the acceptability of the associated parameter data.

Table A-4. Field and Laboratory Quality Control Elements and Acceptance Criteria
QC Acceptance Corrective

Methoda Element Criteria Action

General Chemical Parameters

MBb <MDL Flagged with "C"

Alkalinity LCS 80-120% recoveryc Data reviewedd
Conductivity DUP s20% RPDC Data reviewedd
pH
Total organic carbon MSe 75-125% recoveryc Flagged with "N"

Total organic halides EB, FTB <2 times MDL Flagged with "Q"

Field duplicate s20% RPD' Flagged with "Q"

Anions

MB <MDL Flagged with "C"

LCS 80-120% recoveryc Data reviewedd

DUP s20% RPDc Data reviewedd
Anions by IC

MS 75-125% recoveryc Flagged with "N"

EB, FTB <2 times MDL Flagged with "Q"

Field duplicate s20% RPD' Flagged with "Q"
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Table A-4. Field and Laboratory Quality Control Elements and Acceptance Criteria
1 QC Acceptance Corrective

Methoda j Element Criteria Action

Metals

MB <CRDL Flagged with "C"

LCS 80-120% recovery' Data reviewedd

ICP metals MS 75-125% recovery' Flagged with "N"

ICP/MS metals MSD 520% RPDC Data reviewedd

EB, FTB <2 times MDL Flagged with "Q"

Field duplicate 520% RPD' Flagged with "Q"

Notes:

a. Refer to Table A-2 for specific analytical methods.
b. Does not apply to pH.
c. Laboratory-determined, statistically derived control limits may also be used. Such limits are reported with

the data.

d. After review, corrective actions are determined on a case-by-case basis. Corrective actions may include
a laboratory recheck or flagging the data as suspect ("Y" flag) or rejected ("R" flag).

e. Applies to total organic carbon and total organic halides only.
f. Applies only in cases where one or both results are greater than five times the detection limit.
Data flags:

C = possible laboratory contamination (analyte was detected in the associated method blank)
N = result may be biased (associated matrix spike result was outside the acceptance limits)
Q = problem with associated field QC sample (blank and/or duplicate results were out of limits)

Abbreviations:
CRDL = contract-required detection limit
DUP = laboratory matrix duplicate
EB = equipment blank
FTB = full trip blank

IC = ion chromatography
ICP = inductively coupled plasma
ICP/MS = inductively coupled plasma/mass spectrometry
LCS = laboratory control sample
MB = method blank

MDA = minimum detectable activity
MDL = method detection limit
MS = matrix spike

MSD = matrix spike duplicate
QC = quality control
RPD = relative percent difference
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Table A-5. Blind Standard Constituents and Schedule
Accuracy Precision

Constituents Frequency (%) (% RSD)a

Carbon tetrachloride Quarterly ±25% -25%

Chloroform Quarterly ±25% 525%

Trichloroethylene Quarterly ±25% -25%

Fluoride Quarterly ±25% 525%

Nitrate Quarterly ±25% 525%

Cyanide Quarterly ±25% s25%

Chromium Annually ±20% 525%

TOCb Quarterly Varies according to Varies according to
spiking compound spiking compound

TOXc Quarterly Varies according to Varies according to
spiking compound spiking compound

Notes:

a. If the results are less than five times the required detection limit, then the criterion is that the difference of the
results of the replicates is less than the required detection limit.

b. The spiking compound generally used for TOC is potassium phthalate. Other spiking compounds may also
be used.

c. Two sets of spikes for TOX will be used. The spiking compound for one set should be 2,4,5-trichlorophenol.
The spiking compound for the second set should include the constituents used for the volatile organic
compounds sample (carbon tetrachloride, chloroform, and trichloroethylene).

RSD = relative standard deviation

TOC = total organic carbon

TOX = total organic halides

Holding time is the elapsed time period between sample collection and analysis. The contractor's
environmental QA program plan provides a table with holding times. Exceeding the required holding
times could result in changes in constituent concentrations due to volatilization, decomposition, or other
chemical alterations. Recommended holding times depend on the analytical method, as specified in
SW-846 or Methods of Chemical Analysis of Water and Wastes (EPA/600/4-79/020). Data associated
with exceeded holding times are flagged with an "H" in the HEIS database. Data that exceed the holding
time shall be maintained but potentially may not be used in statistical analyses.

Additional QC measures include laboratory audits and participation in nationally based performance
evaluation studies. The contract laboratories participate in national studies such as the EPA-sanctioned
Water Pollution and Water Supply Performance Evaluation studies. The groundwater project periodically
audits the analytical laboratories to identify and solve quality problems, or to prevent such problems from
occurring. Audit results are used to improve performance, and the summaries of audit results and
performance evaluation studies are presented in the annual groundwater monitoring report.

Failure of QC will be determined and evaluated during data validation and the data quality assessment
process. Data will be qualified, as appropriate.
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A2.6 Instrument/Equipment Testing, Inspection, and Maintenance
Measurement and testing equipment used in the field or in the laboratory that directly affects the quality
of analytical data will be subject to preventive maintenance measures to minimize measurement system
downtime. Laboratories and onsite measurement organizations must maintain and calibrate their
equipment. Maintenance requirements (e.g., documentation of routine maintenance) will be included in
the individual laboratory and the onsite organization's QA plan or operating procedures, as appropriate.
Maintenance of laboratory instruments will be performed in a manner consistent with SW-846, or with
auditable HASQARD and contractual requirements. Consumables, supplies, and reagents will be
reviewed in accordance with SW-846 requirements and will be appropriate for their use.

A2.7 Instrument/Equipment Calibration and Frequency

Specific field equipment calibration information is provided in the environmental QA program plan.
Standards used for calibration will be certified and traceable to nationally recognized performance
standards. Analytical laboratory instruments and measuring equipment are calibrated in accordance with
the laboratory's QA plan.

A2.8 Inspection/Acceptance of Supplies and Consumables
Supplies and consumables used to support sampling and analysis activities are procured in accordance
with internal work requirements and processes that describe the contractor's acquisition system and the
responsibilities and interfaces necessary to ensure that items procured/acquired for contractor meet the
specific technical and quality requirements. The procurement system ensures that purchased items comply
with applicable procurement specifications. Supplies and consumables are checked and accepted by users
prior to use.

Supplies and consumables that are procured by the analytical laboratories are procured, checked, and used
in accordance with the laboratory's QA plan.

A2.9 Non-Direct Measurements

Non-direct measurements include data obtained from sources such as computer databases, programs,
literature files, and historical databases. If evaluation includes data from historical sources, whenever
possible such data will be validated to the same extent as the data generated as part of this effort. All data
used in evaluations will be identified by source.

A2.10 Data Management
The Sample Management and Reporting organization, in coordination with the RCRA Monitoring and
Reporting manager, is responsible for ensuring that analytical data are appropriately reviewed, managed,
and stored in accordance with applicable programmatic requirements that govern data management
procedures. Electronic data access, when appropriate, will be via a database (e.g., HEIS or a project-
specific database). Where electronic data are not available, hardcopies will be provided in accordance
with Section 9.6 of the Tri Party Agreement Action Plan (Ecology et al. 1989b). The HEIS database will
be identified as a data repository for the Hanford Facility Operating Record unit file.

All field activities will be recorded in the field logbook.

Laboratory errors are reported to the Sample Management and Reporting organization on a routine basis.
For reported laboratory errors, a sample disposition record will be initiated in accordance with contractor
procedures. This process is used to document analytical errors and to establish resolution of the errors

A-13



DOE/RL-2009-68, REV. 0

with the RCRA Monitoring and Reporting manager. Sample disposition records become a permanent part
of the analytical data package for future reference and for records management.

A3 Assessment and Oversight
The elements discussed in this section address the activities for assessing the effectiveness of project
implementation and the associated QA and QC activities. The purpose of the assessment is to ensure that
the QAPjP is implemented as prescribed.

A3.1 Assessments and Response Actions

The contractor management, Regulatory Compliance, Quality, and/or Health and Safety organizations
may conduct random surveillances and assessments to verify compliance with the requirements outlined
in this QAPjP.

Oversight activities in the analytical laboratories, including corrective action management, are conducted
in accordance with the laboratory's QA plan. The primary contractor conducts oversight of offsite
analytical laboratories to qualify the laboratories for performing Hanford Site analytical work.

A3.2 Reports to Management

Reports to management on data quality issues will be made if and when these issues are identified. Issues
reported by the laboratories are communicated to the Sample Management and Reporting organization,
which initiates a sample disposition record in accordance with contractor procedures. This process is used
to document analytical or sample issues and to establish resolution with the RCRA Monitoring and
Reporting manager.

A4 Data Validation and Usability
The elements in this section address the QA activities that occur after the data collection phase of the
project is completed. Implementation of these elements determines whether the data conform to the
specified criteria, thus satisfying project objectives. These elements are further discussed in the
contractor's environmental QA program plan.

A4.1 Data Review, Verification, and Validation

The criteria for verification may include review for completeness (e.g., all samples were analyzed as
requested), use of the correct analytical method/procedure, transcription errors, correct application of
dilution factors, appropriate reporting of dry weight versus wet weight, and correct application of
conversion factors. Laboratory personnel may perform data verification.

A4.2 Verification and Validation Methods

The work activities shall follow documented procedures and processes for data validation and
verification, as summarized below. Validation of groundwater data consists of assessing whether the data
collected and measured truly reflect aquifer conditions. Verification means assessing data accuracy,
completeness, consistency, availability, and internal control practices to determine overall reliability of
the data collected. Other DQOs that shall be met include proper chain-of-custody, sample handling, use of
proper analytical techniques as applied for each constituent, and the quality and acceptability of the
laboratory analyses conducted.
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Groundwater monitoring staff perform checks on laboratory electronic data files for formatting, allowed
values, data flagging (i.e., qualifiers), and completeness. Hardcopy results are verified to check for
(1) completeness, (2) notes on condition of samples upon receipt by the laboratory, (3) notes on problems
encountered during analysis of the samples, and (4) correct reporting of results. If data are incomplete or
deficient, staff work with the laboratory to correct the problem found during the analysis.

The data validation process provides the requirements and guidance for validating groundwater data that
are routinely collected. Validation is a systematic process of reviewing verified data against a set of
criteria (provided in Section A2.5) to determine whether the data are acceptable for their intended use.

Results of laboratory and field QC evaluations, double-blind sample results, laboratory performance
evaluation samples, and holding-time criteria are considered when determining data usability. Staff
review the data to identify whether observed changes reflect changes in groundwater quality or potential
data errors, and they may request data reviews of laboratory, field, or water-level data for usability
purposes. The laboratory may be asked to check calculations or re-analyze the sample, or the well may be
resampled. Results of the data reviews are used to flag the data appropriately in the HEIS database
(e.g., "R" for reject, "Y" for suspect, or "G" for good) and/or to add comments.

A4.3 Reconciliation with User Requirements

The data quality assessment process compares completed field sampling activities to those proposed in
corresponding sampling documents and provides an evaluation of the resulting data. The purpose of the
data evaluation is to determine if quantitative data are of the correct type and are of adequate quality and
quantity to meet project DQOs. The RCRA Monitoring and Reporting manager is responsible for
determining if data quality assessment is necessary and for ensuring that, if required, one is performed.
The results of the data quality assessment will be used in interpreting the data and determining if the
objectives of this activity have been met.
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Executive Summary

Low-Level Waste Management Area (LLWMA) 4, which consists of the 218-W-4B and

the 218-W-4C Burial Grounds, is regulated via Revised Code of Washington

(RCW) 70.105 ("Public Health and Safety," "Hazardous Waste Management") and its

implementing requirements in Washington Administrative Code (WAC) 173-303-400

("Dangerous Waste Regulations," "Interim Status Facility Standards"). The Washington

State Department of Ecology has been authorized by the U.S. Environmental Protection

Agency (Authorized State Hazardous Waste Programs) to conduct its hazardous waste

regulatory program in lieu of the Resource Conservation and Recovery Act of 1976.

This document supersedes Interim Status Groundwater Monitoring Planfor Low-Level

Waste Management Areas I to 4, RCRA Facilities, Hanford, Washington (PNNL-14859),

as revised in interim change notices PNNL-14859-ICN-1 and PNNL-14859-ICN-2, to

incorporate changes that have occurred at LLWMA-4, as well as changes to the

monitoring program resulting from transfer of the groundwater monitoring workscope

from Pacific Northwest National Laboratory to the Soil and Groundwater

Remediation Project.

This document describes the groundwater monitoring plan for LLWMA-4. This

monitoring plan addresses the following:

" Number, locations, and depths of wells in the LLWMA-4 groundwater

monitoring network

" Sampling and analytical methods for groundwater parameters and hazardous wastes

or hazardous waste constituents

" Procedures for evaluating groundwater quality information

" Schedule for groundwater monitoring at the LLWMA

This indicator monitoring plan is the principal controlling document for conducting

groundwater monitoring at LLWMA-4.
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1 Introduction

Low-Level Waste Management Area (LLWMA) 4 is located in the 200 West Area of the Hanford Site

(Figure 1-1). The LLWMA-4 consists of the 218-W-4B and the 218-W-4C Burial Grounds, which

contain 28 unlined trenches that were used for waste disposal. The 218-W-4B Burial Ground also

contains 12 below-grade caissons at the southern end of the facility. The LLWMA-4 was used for

disposal of low-level radioactive and low-level mixed wastes beginning in 1967. The caissons in the

218-W-4B Burial Ground contain remote-handled, low-level waste (LLW) and retrievable transuranic

(TRU) waste. The dangerous chemicals in the low-level mixed waste portions of LLWMA-4 are

regulated under the Resource Conservation and Recovery Act of 1976 (RCRA), as modified in 40 Code of

Federal Regulations (CFR) 265 ("Interim Status Standards for Owners and Operators of Hazardous

Waste Treatment, Storage, and Disposal Facilities") and Revised Code of Washington (RCW) 70.105

("Public Health and Safety," "Hazardous Waste Management") and its implementing requirements in

Washington State's dangerous waste regulations (Washington Administrative Code [WAC] 173-303-400,
"Dangerous Waste Regulations," "Interim Status Facility Standards").

The objectives for indicator evaluation monitoring, as required by 40 CFR 265.92(d), "Sampling and

Analysis," are to determine the following:

* Concentrations of specified groundwater quality parameters annually

* Concentrations of groundwater contamination indicator parameters semiannually

* Annual elevation of the water table

The scope of this plan is to obtain the necessary groundwater data to reach the above objectives. This

document replaces the previous groundwater monitoring plan (PNNL-14859, Interim Status Groundwater

Monitoring Planfor Low-Level Waste Management Areas 1 to 4, RCRA Facilities, Hanford, Washington,
as revised in interim change notices PNNL-14859-ICN-1 and PNNL-14859-ICN-2) to include several

activities that have occurred at LLWMA-4 since that plan was written. Chapter 2 summarizes background

information, with reference to additional documents for more detail. Chapter 2 also describes the

LLWMA and the types of waste present, provides a brief history of groundwater monitoring, and

describes the geology and hydrology pertinent to LLWMA-4. This information is summarized as a site

conceptual model to aid in development of the groundwater monitoring program.

Chapter 3 describes the RCRA groundwater monitoring program, including the wells in the monitoring

network, constituents analyzed, sampling frequency, and sampling protocols. Chapter 4 describes data

evaluation and reporting, and Chapter 5 contains references. Appendix A provides the quality assurance

project plan (QAPjP).
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2 Background

This chapter describes the LLWMA-4 facility and operating history, the waste and waste characteristics

associated with the LLWMA, the geology and hydrology local to the LLWMA, a summary of previous

monitoring, the groundwater and vadose zone contamination at the LLWMA, and a conceptual model for

the LLWMA. The discussion in this chapter is summarized from previous documents.

2.1 Facility Description and Operating History

The LLWMA-4 is located in the western portion of 200 West Area, west of the Plutonium Finishing

Plant (PFP) and Waste Management Area U. The LLWMA-4 consists of the 218-W-4B and 218-W-4C

Burial Grounds.

2.1.1 218-W-4B Burial Ground
The 218-W-4B Burial Ground began receiving waste in 1967. After August 19, 1987, RCRA and

state-only designated, mixed LLW was not disposed to the 218-W-4B Burial Ground. The burial ground

covers 4 ha (10 ac) and contains TRU and TRU mixed waste, some of which is contained in caissons

(DOE/RL-2004-60, 200-SW-1 Nonradioactive Landfills Group Operable Unit and 200-SW-2 Radioactive

Landfills Group Operable Unit Remedial Investigation/Feasibility Study Work Plan).

The 218-W-4B Burial Ground is located in the central portion of the 200 West Area, about 150 m (500 ft)

northwest of the 234-5Z Building and directly west of the 23 1-Z Building. It consists of 14 trenches

(one trench contains 12 caissons, of which 4 caissons contain suspect TRU waste). The trenches are

approximately 490 m (1,600 ft) long and 3.7 m (12 ft) deep. 1 The burial ground received miscellaneous

radioactive waste from the 100, 200, and 300 Areas, as well as offsite waste shipments from 1967 to 1990

(a total of approximately 10,461 m3 [13,682 yd3] of waste). Solid waste disposed at the site consisted of

rags, paper, cardboard, plastic, pumps, tanks, process equipment, and other miscellaneous high-dose-rate

and TRU dry waste. The last waste trench at the 218-W-4B Burial Ground was closed in 1990

(DOE/RL-2004-60).

2.1.2 218-W-4C Burial Ground
The 218-W-4C Burial Ground began receiving waste in 1978. The 218-W-4C Burial Ground contains

post-August 19, 1987, RCRA- and state-regulated mixed waste. The burial ground covers approximately

20 ha (50 ac) and contains TRU (some combustible) and test reactor fuel waste. The largest portion of the

218-W-4C Burial Ground is located west and southwest of the PFP, east of Dayton Avenue. A smaller

section of the burial ground is located directly south of the PFP and north of 1 6 th Street

(DOE/RL-2004-60).

The 281 -W-4C Burial Ground is designed to contain up to 65 trenches, including the following:

* Forty-eight trenches run east-west:

- Twenty-four trenches are 184 m (602 ft) long

- Nineteen trenches are 220 m (719 ft) long

- Four trenches are 180 m (594 ft) long

- One trench is 91 m (300 ft) long

1 Based on Hanford Site drawing H-2-33055, Dry Waste Burial Ground 218-W-4B.
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* Seventeen trenches at the 281 -W-4C Burial Ground run north-south:

- Fourteen trenches are 200 m (665 ft) long

- Three trenches are 155 m (508 ft) long

Only 15 trenches, ranging from 91 to 219 m (300 to 719 ft) long, have been used for waste storage
and/or disposal.

The 218-W-4C Burial Ground began accepting packaged waste materials from 200 West Area operations,
other Hanford Site areas, and offsite sources in 1974. According to records, the 218-W-4C Burial Ground
contains approximately 20,473 m3 (26,777 yd 3) of LLW, TRU, and mixed waste. The TRU waste has
been segregated from other burial ground waste since 1970 and was placed in separate burial trenches
and/or areas of burial trenches where the packages are retrievably stored. In 2004, the last open trench at

the 218-W-4B Burial Ground was closed (DOE/RL-2004-60).

2.2 Regulatory Basis

In May 1987, the U.S. Department of Energy (DOE) issued a final rule (10 CFR 962, "Byproduct
Material"), stating that the hazardous waste components of mixed waste are subject to RCRA
regulations. In November 1987, the U.S. Environmental Protection Agency (EPA) authorized the

Washington State Department of Ecology (Ecology) to regulate these hazardous waste components
within the state of Washington (51 FR 24504, "EPA Clarification of Regulatory Authority Over
Radioactive Mixed Waste"). In 1996, the Washington State Attorney General determined that the
effective date of mixed waste in Washington State was August 19, 1987.

In May 1989, DOE, EPA, and Ecology signed the Hanford Federal Facility Agreement and Consent

Order (Tri-Party Agreement) (Ecology et al., 1989). This agreement established the roles and
responsibilities of the agencies involved in regulating and controlling remedial restoration of the
Hanford Site, which includes LLWMA-4. Groundwater monitoring is conducted at LLWMA-4 in
accordance with WAC 173-303-400(3) (and by reference, 40 CFR 265, Subpart F, "Ground-Water
Monitoring"), which requires monitoring to determine whether dangerous waste or dangerous waste
constituents from the waste site have entered the groundwater. A RCRA groundwater monitoring program
for LLWMA-4 was initiated in 1987 (WHC-SD-EN-AP-015, Revised Ground-Water Monitoring Plan
for the 200 Areas Low-Level Burial Grounds) based on the interim status monitoring requirements of
40 CFR 265, Subpart F and WAC 173-303-400 and continues today.

Groundwater monitoring is conducted at LLWMA-4 in accordance with WAC 173-303-400(3) (and by
reference, 40 CFR 265, Subpart F), which requires monitoring to determine whether dangerous waste or
dangerous waste constituents from the waste site have entered the groundwater. A RCRA groundwater
monitoring program for LLWMA-4 was initiated in 1987 (WHC-SD-EN-AP-0 15) based on the interim
status monitoring requirements of 40 CFR 265, Subpart F and WAC 173-303-400.

Between 1989 and January 2009, groundwater monitoring was conducted under an indicator evaluation
monitoring program. In January 2009, a groundwater quality assessment program was initiated at
LLWMA-4 (SGW-402 11, First Determination RCRA Groundwater Quality Assessment Plan for the

Low-Level Burial Grounds Low-Level Waste Management Area-4) due to elevated total organic carbon
(TOC) in one downgradient well (299-W15-224). In March 2009, groundwater was sampled from wells
299-W15-224, 299-W15-30, and 299-W15-83 and analyzed for coliform bacteria, oil and grease,
chemical oxygen demand, total petroleum hydrocarbons (TPHs) (gasoline, diesel, and kerosene),
pesticides, herbicides, dioxins, and polychlorinated biphenyls, as well as the 40 CFR 264, Appendix IX
("Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities,"
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"Ground-Water Monitoring List") list of volatile organic analyses and semivolatile organic analyses.

In July 2009, the results of the March sampling did not find dangerous waste in the groundwater at

LLWMA-4, and monitoring at the LLWMA returned to indicator evaluation monitoring.

2.3 Waste Characteristics

The waste characteristics for the 218-W-4B and 218-W-4C Burial Grounds are discussed below.

2.3.1 218-W-4B Burial Ground
The 218-W-4B Burial Ground received shipments described as miscellaneous, solid, radioactive mixed

waste from several sources on the Hanford Site, including the 100-C, 100-N, 200 West, and 300 Areas.

The waste disposed in the burial ground included rags, paper, rubber gloves, disposable supplies,

and broken tools. The 12 caissons at the south end of the facility contain remote-handled, retrievable

TRU and alpha LLW. Two trenches are also filled with retrievable TRU and TRU mixed waste.

The 218-W-4B Burial Ground did not receive any post-August 19, 1987, RCRA- and state-only

designated mixed LLW.

2.3.2 218-W-4C Burial Ground
The 218-W-4C Burial Ground started receiving waste in 1978. The burial ground covers approximately

23 ha (57 ac) and contains TRU (some combustible) and test reactor fuel waste (DOE REG-0271,
Low-Level Burial Grounds Fact Sheet).

The 218-W-4C Burial Ground began accepting packaged waste materials from 200 West Area operations,
other Hanford Site areas, and offsite sources in 1974 (based on information from the Waste Information

Data System database). According to burial records, the 218-W-4C Burial Ground contained

approximately 21,916 m3 (28,665 yd3 ) of LLW, TRU, and mixed waste. The TRU waste has been

segregated from other landfill waste since 1970 and placed in separate burial trenches and/or areas of

burial trenches, where the packages were retrievably stored.

Trenches 1, 4, 7, 20, and 29, and the east end of Trench 24, contained retrievably stored suspect TRU

waste. Trenches NC, 14, 19, 23, 28, 33, 48, 53, and 58 and the remainder of Trench 24 received buried

LLW. In addition, some of the waste in Trenches NC, 14, and 58 is currently identified as mixed LLW

and was disposed after the effective date of mixed waste regulation at the Hanford Site (August 19, 1987).

The northernmost trench (Trench NC) contains a number of core barrels originating from the

U.S. Department of the Navy. Trench 1 contains drums generated from mining the 216-Z-9 Crib/Trench

and approximately 500 cans of ash received in the early 1980s. The ash was generated by the

232-Z Waste Incinerator Facility, which incinerated miscellaneous waste (e.g. rubber gloves, rags,
paper, spent solvent, and cutting oils).

Trench 7 is at the location of a former waste site. The Z Plant Burning Pit was a disposal site for

combustible nonradioactive construction, office, and nonhazardous laboratory waste, including unnamed

chemicals. The burning pit is reported to have received 2,000 m 3 (2,600 yd 3) of waste for burning,
including less than 1,000 m 3 (1,300 yd 3) of laboratory chemicals. The burning pit was 15 m (50 ft) long,
12 m (40 ft) wide, and 3 m (10 ft) deep, and it was used from 1950 to 1960.

The waste in the 218-W-4C Burial Ground is mainly from the 200 West Area (24 percent by volume),
the 100 Area (12 percent), the 300 Area (9 percent), and offsite generators (47 percent). The remaining

8 percent is from miscellaneous Hanford Site areas and the tank farms. The eastern annex portion of this

unit never received waste (DOE/RL-2004-60).
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2.4 Geology and Hydrogeology

The geology and hydrology of the 200 West Area, including the area of LLWMA-4, has been described

in detail in the following documents:

" PNL-6820, Hydrogeology of the 200 Areas Low-Level Burial Grounds - An Interim Report

" PNNL-1385 8, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-West Area and

Vicinity, Hanford Site, Washington

* PNNL- 16887, Geologic Descriptions for the Solid Waste Low-Level Burial Grounds

* WHC-SD-EN-AP-015, Revised Ground-Water Monitoring Plan for the 200 Areas Low-Level

Burial Grounds

" WHC-SD-EN-TI-290, Geologic Setting of the Low-Level Burial Grounds

The following discussion summarizes descriptions from these documents. The uppermost aquifer and

aquifers hydraulically interconnected beneath the LLWMA are also discussed.

The LLWMA-4 is underlain from the ground surface to the top of the basalt by the Hanford formation,
the Cold Creek unit, and the Ringold Formation. The vadose zone beneath LLWMA-4 is approximately

68 to 76 m (223 to 249 ft) thick and consists of the Hanford formation, the Cold Creek unit, the Taylor

Flats member of the Ringold Formation, and the upper portion of Unit E of the Wooded Island member of

the Ringold Formation. The water table is at approximately 136 to 137 m (446 to 449 ft) in elevation and

is entirely within the Ringold Unit E. The Ringold lower mud unit is present everywhere beneath the

LLWMA-4 and forms the bottom of the unconfined aquifer. The saturated thickness of the unconfined

aquifer is approximately 69 m (226 ft) in the south (at well 299-W18-22) and 59 m (194 ft) in the north

(at well 299-W 15-17). The thickness of the aquifer, as well as the groundwater flow direction and flow

rate, are influenced by the 200-ZP- 1 Operable Unit (OU) pump-and-treat system injection wells to the

west of the LLWMA and the extraction wells located northeast of the LLWMA.

Water levels in the unconfined aquifer increased as much as approximately 25 m (82 ft) above the

pre-Hanford natural water table in the area of U Pond (about 325 m [1,066 ft] south of LLWMA-4) due
to artificial recharge from liquid waste disposal operations active between the mid-1940s and 1995.
The height of the water table mound beneath LLWMA-4 was at least 18 m (59 ft) above the pre-Hanford

elevation, as indicated by water levels from well 699-39-79 (located just west of the LLWMA).

Discharges to U Pond and other disposal facilities from the 1940s through the 1970s changed the
groundwater flow direction beneath the LLWMA from eastward (the pre-Hanford direction) to a north
or northwest direction. The groundwater flow direction has more recently returned to the pre-Hanford
eastward direction, which can be attributed to (1) the groundwater mound beneath U Pond dissipating as
a result of cessation of discharges to U Pond, (2) the influence of the 200-ZP- 1 OU pump-and-treat

system extraction wells east of LLWMA-4, and (3) the injection wells west of the LLWMA reinforcing

eastward movement of groundwater in the area.

The hydraulic conductivity in the unconfined aquifer beneath LLWMA-4 is on the order of 2.5 to

10 m/day (8.2 to 32.8 ft/day), and the hydraulic gradient is approximately 0.004. Using these values and

assuming an average effective porosity of aquifer materials between 0.1 and 0.3, the groundwater flow

rate is calculated at 0.05 to 0.2 m/day (0.16 to 0.66 ft/day). Figure 2-1 provides a current water table map

for LLWMA-4.
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2.5 Summary of Previous Groundwater Monitoring
Monitoring wells were installed at LLWMA-4 between 1987 and 1992. The original monitoring network
included 17 wells. One well, 299-W18-29, was completed in a perched aquifer but went dry soon after
it was drilled. Sampling at LLWMA-4 was suspended for a period of time during fiscal years 1990 and
1991. Groundwater flow was toward the west at the beginning of RCRA monitoring, but the hydraulic

gradient altered dramatically with termination of discharges to U Pond and other facilities. The initiation
of the 200-ZP- 1 OU pump-and-treat groundwater remediation also impacted groundwater flow and
quality at LLWMA-4. The monitoring network was updated in 1998 to redefine the upgradient and
downgradient wells. Four shallow wells were chosen to monitor upgradient conditions, and three shallow
wells were chosen to monitor downgradient of the burial ground. In addition, one deep upgradient well
and one shallow upgradient well remained in the monitoring network. Since that time, three additional
upgradient wells have gone dry (299-W15-15, 299-W18-21, and 299-W18-23). After the monitoring
network was updated in 1998 to reflect the changing flow directions, newly designated downgradient
well 299-W15-16 exceeded the statistical comparison value for total organic halides (TOX). The
exceedance was attributed to the regional carbon tetrachloride plume that moved into the area under
previous flow conditions. This exceedance was first reported to Ecology in August 1999. The TOX values
continue to exceed the critical mean value at LLWMA-4.

The LLWMA-4 is affected by regional volatile organic compound (VOC) contamination, and the
northern portion is within the capture zone of the 200-ZP- 1 OU interim action pump-and-treat system.
Carbon tetrachloride is the major contaminant in the plume, but chloroform, trichloroethene,
tetrachloroethene, and nitrate are also present.

The TOC concentration exceeded the critical mean of 790 ptg/L in well 299-W15-224, with
a concentration between 1,090 and 1,300 ptg/L in August 2008. This was the first time that the well
had exceeded the critical mean for TOC. The well was resampled, and the new results available in
November 2008 were 2,100 and 2,200 ptg/L, again exceeding the critical mean. A request was then
submitted to resample the well and analyze for an extensive list of VOCs, semivolatile organic
compounds (SVOCs), and TPHs to identify the cause of elevated TOC. The resampling event occurred
in December 2008, and the results received in January 2009 indicted that no organic compounds were
identified that would account for the elevated TOC.

In January 2009, the Soil and Groundwater Remediation Project notified DOE and other CH2M HILL
Plateau Remediation Company organizations regarding the elevated TOC concentration at LLWMA-4,
and DOE then notified Ecology. The project also prepared a groundwater quality assessment plan to
evaluate the elevated TOC, which proposed sampling wells 299-W15-224, 299-W15-30, and 299-W15-83
for analysis of 40 CFR 264, Appendix IX organic constituents and other constituents potentially
responsible for elevated TOC.

Prior to assessment sampling, the pump was removed from well 299-W15-224 and a camera survey was
completed to determine if any anomalies were present in the well. Nothing out of the ordinary was noted
during the camera survey, the pump was replaced, and samples were collected on March 15 and 16, 2009.
The samples were analyzed for 40 CFR 264, Appendix LX list of VOC and SVOC compounds, TOX,
chemical oxygen demand, oil and grease, phenols, pesticides, herbicides, polychlorinated biphenyls,
dioxans, dissolved oxygen, TPH (diesel, gasoline, and kerosene), and coliform bacteria. In July 2009,
the results of the first determination did not find dangerous waste in the groundwater at LLWMA-4, and
monitoring at the LLWMA returned to indicator evaluation monitoring.
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2.6 Conceptual Model

This section describes the LLWMA-4 conceptual model for potential contaminant transport to guide

future groundwater monitoring. The conceptual model for contaminant release and transport is based on

the following assumptions:

" Engineered barriers are not taken into account, so the model is applicable to unlined trenches but is

highly conservative for the newest (lined) mixed waste trenches.

" Average precipitation and net infiltration (5 to 10 cm/yr [2 to 3.9 in./yr]) prevail over the timeframe

of interest.

" Net infiltration is assumed to occur under gravity drainage.

" Maximum vertical hydraulic conductivity in the vadose zone is assumed to be significantly larger

than the net infiltration rate.

" The effective saturated porosity in the vadose zone is equal to the moisture content.

" Leaching of mobile contaminants from buried waste in unsealed containers, or contaminated soils

in direct contact with the trench, are assumed to be the major potential sources for contamination.

" There are no artificial sources of water (e.g., leaking potable or raw water lines) based on

Hanford Site drawings.

" Extreme conditions or accidental releases are recognized as factors but would be addressed under

emergency response/corrective actions.

2.6.1 Geochemical Considerations
The solubility and subsequent mobility of waste constituents in pore fluid depend on the container,
chemical nature of the waste constituents, and natural subsurface geochemical conditions.

Pore fluid in the unsaturated and saturated zones beneath LLWMA-4 is slightly alkaline (7 < pH < 8),
with appreciable amounts of bicarbonate and very little natural organic material. The lack of organic

matter means that conditions are generally oxidizing. Calcium carbonate is also abundant in vadose zone

sediment. These general conditions favor sorption or retardation of many heavy metals (e.g., uranium)

and favor formation of anionic species, which enhances mobility for other metals (e.g., hexavalent

chromium). Laboratory sorption studies have documented these effects and related mobility issues in

Hanford Site media (e.g., WHC-EP-0645, Performance Assessment of the Disposal of Low-Level Waste

in the 200 West Area Burial Grounds; and PNNL-1 1800, Composite Analysis for Low-Level Waste

Disposal in the 200 Area Plateau of the Hanford Site).

2.6.2 Soil Moisture Factors
With the exception of waste in sealed metal or concrete containers (e.g., retrievable waste), direct

precipitation is the primary driver for hypothetical leaching of waste constituents from the burial

trenches and subsequent transport to groundwater. Contaminants in the soil disposed to the trench or

waste in degradable containers (e.g., cardboard boxes or wooden boxes) subject to collapse are assumed

to be leachable.

The amount of natural infiltration that can pass through the leachable buried waste and drain to the water

table is controlled by the texture of the cover and backfill and by the amount of vegetative cover.

Stratigraphic features in the soil column beneath the buried waste can also influence or retard downward
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migration by spreading soil moisture laterally. Direct observational evidence to assess this effect at
LLWMA-4 is lacking. Under the gravity drainage assumption, only a small horizontal gradient

component is likely to be available to produce lateral spreading of infiltrating water.

Most of the burial ground trenches are backfilled with natural excavation materials (Hanford formation)
consisting of coarse gravel, cobbles, and some interstitial sand. Some amount of vegetation exists on the
established backfilled areas and on unused portions of the LLWMA. A coarse, nonvegetated cover
material allows a major fraction of the precipitation to infiltrate and potentially drain to groundwater.
In "Hanford Site Vadose Zone Studies: An Overview" (Gee et al., 2007), it is estimated that recharge
rates at the Hanford Site range from near zero at highly vegetated sites to greater than 50 mm/yr at
gravel-covered, nonvegetated sites.

2.6.3 Hydrogeologic Considerations
The vadose zone beneath LLWMA-4 is between 68 and 76 m (223 and 249 ft) thick and consists of (from
top to bottom) the Hanford formation, the Cold Creek unit, and the Ringold Formation. The Cold Creek
unit is likely to retard downward movement of moisture and contaminants due to the finer textured
sediment and cementing that characterize this stratigraphic feature in the vadose zone.

If contaminants do break through to groundwater beneath LLWMA-4, contaminants would move toward
the east-northeast. The flow direction has shifted from nearly north to northeast and is slowly changing
eastward as the influence of the groundwater mound subsides. Also, because of the low permeability of
the aquifer in this area, groundwater flow rate is estimated to be between about 18.3 to 73 m/yr

(60.03 to 239.50 ft/yr).

As the 200-ZP-1 OU groundwater pump-and-treat system is expanded to add extraction and injection
wells to provide greater capacity, the pump-and-treat system may impact groundwater levels and
gradients beneath LLWMA-4. After the system is completed and operating, groundwater-level data will
be evaluated. Any hydrologic and hydrogeologic impacts that occur based on the operation of the

pump-and-treat system will be reported and incorporated into the monitoring program.

2.7 Data Quality Objectives

To define the required information for groundwater indicator evaluation monitoring, the data quality
objective (DQO) process is used to ensure that data gathered are of appropriate quantity and quality to
meet specific objectives. The DQO parameters, regulatory interim status requirements, and associated

reports supporting the regulatory requirements are outlined in Table 2-1.
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Table 2-1. DQOs at RCRA Sites Monitoring for Indicator Parameters

DQO Related Plan Criteria and Associated
Parameter Requirements Historical Documentation

Scope RCRA interim status ground-water monitoring at sites where no impact to
ground-water has been identified. Related requirements are found in
WAC 173-303-400(3) and 40 CFR 265.90 through 40 CFR 265.94, as modified by
WAC 173-303-400(3)(b) and WAC 173-303-400(3)(c)(v).

Number and location of 40 CFR 265.91, Ground-Water Monitoring System. This plan, Section 3.2
wells (a) A ground-water monitoring system must be capable of yielding ground-water PNNL-14859, Interim Status
Point(s) of compliance samples for analysis and must consist of: Groundwater Monitoring Plan for Low-

(1) Monitoring wells (at least one) installed hydraulically upgradient (i.e., in the Level Waste Management Areas I to 4,

direction of increasing static head) from the limit of the waste management area. RCRA Facilities, Hanford, Washington
Their number, locations, and depths must be sufficient to yield ground-water PNNL-14859-ICN-1
samples that are: PNNL-14859-ICN-2

(i) Representative of background ground-water quality in the uppermost aquifer
near the facility; and

(ii) Not affected by the facility; and

(2) Monitoring wells (at least three) installed hydraulically downgradient (i.e. in the
direction of decreasing static head) at the limit of the waste management area.
Their number, locations, and depths must ensure that they immediately detect
any statistically significant amounts of dangerous waste or dangerous waste
constituents that migrate from the waste management area to the uppermost
aquifer.

Well configuration (depth 40 CFR 265.91, Ground-Water Monitoring System, as modified by This plan, Section 3.2
and length of screened WAC 173-303-400. PNNL-14859, Interim Status
interval; well construction) (c) All monitoring wells must be cased in a manner that maintains the integrity of the Groundwater Monitoring Plan for Low-

monitoring well borehole. This casing must be screened or perforated, and packed Level Waste Management Areas I to 4,
with gravel or sand where necessary; to enable sample collection at depths where RCRA Facilities, Hanford, Washington
appropriate aquifer flow zones exist. The annular space (i.e., the space between the PNNL-14859-ICN-1
borehole and well casing) above the sampling depth must be sealed with a suitable
material (e.g., cement grout or bentonite slurry) to prevent contamination of samples PNNL-14859-ICN-2
and the ground-water.

Additional Requirements from
WAC 173-303-400(3)(c)(v)(C).

Ground-water monitoring wells must be designed, constructed, and operated so as
to prevent ground-water contamination. WAC 173-160 may be used as guidance in
the installation of wells.
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Frequency of sampling

Types of analysis or
measurement

Method detection limits or
accuracy and precision

Table 2-1. DQOs at RCRA Sites Monitoring for Indicator Parameters

Related
Requirements

40 CFR 265.92 Sampling and Analysis.
(b) The owner or operator must determine the concentration or value of the following
parameters in ground-water samples in accordance with paragraphs (c) and (d) of
this section:

(1) Parameters characterizing the suitability of the ground-water as a drinking
water supply, as specified in Appendix Il1.

[NOTE: Have not listed these because, in accordance with 40 CFR 265.92(c)(1),
these analyses are only conducted for the first year, and this site is not in the first
year of monitoring.]

(2) Parameters establishing ground-water quality:

(i) Chloride

Plan Criteria and Associated
Historical Documentation

This plan, Section 3.1 and Appendix A

PNNL-14859, Interim Status
Groundwater Monitoring Plan for Low-
Level Waste Management Areas I to 4,
RCRA Facilities, Hanford, Washington

PNNL-14859-ICN-1

PNNL-14859-ICN-2

(ii) Iron
(iii) Manganese
(iv) Phenols

(v) Sodium
(vi) Sulfate

[COMMENT: These parameters are to be used as a basis for comparison in the
event a groundwater quality assessment is required under 40 CFR 265.93(d).]

(3) Parameters used as indicators of ground-water contamination:

(i) pH
(ii) Specific conductance
(iii) Total organic carbon

(iv) Total organic halogen

(c)(1) For all monitoring wells, the owner or operator must establish initial
background concentrations or values of all parameters specified in paragraph (b) of
this section. The owner or operator must do this quarterly for one year.

(c)(2) For each of the indicator parameters specified in paragraph (b)(3) of this
section, at least four replicate measurements must be obtained for each sample and
the initial background arithmetic mean and variance must be determined by pooling
the replicate measurements for the respective parameter concentrations or values in
samples obtained from upgradient wells during the first year.
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Table 2-1. DQOs at RCRA Sites Monitoring for Indicator Parameters

DQO Related Plan Criteria and Associated
Parameter Requirements Historical Documentation

40 CFR 265.92 Sampling and Analysis. (cont'd)

(d) After the first year, all monitoring wells must be sampled and the samples
analyzed with the following frequencies:

(1) Samples collected to establish ground-water quality must be obtained and
analyzed for the parameters specified in paragraph (b)(2) of this section at
least annually.

(2) Samples collected to indicate ground-water contamination must be obtained
and analyzed for the parameters specified in paragraph (b)(3) of this section at
least semiannually.

(e) Elevation of the ground-water surface at each monitoring well must be
determined each time a sample is obtained.

Methods used to evaluate 40 CFR 265.93 Preparation, Evaluation, and Response. This plan, Section 4.2 and Appendix A

the collected data (b) For each indicator parameter specified in 40 CFR 265.92(b)(3), the owner or PNNL-14859, Interim Status
operator must calculate the arithmetic mean and variance, based on at least four Groundwater Monitoring Plan for Low-
replicate measurements on each sample, for each well monitored in accordance Level Waste Management Areas 1 to 4,
with 40 CFR 265.92(d)(2) and compare these results with the initial background RCRA Facilities, Hanford, Washington
arithmetic mean. The comparison must consider individually each of the wells in the PNNL-14859-ICN-1
monitoring system, and must use the Student's t-test at the 0.01 level of significance
(see Appendix IV) to determine statistically significant increases (and decreases, in PNNL-14859-ICN-2

the case of pH) over initial background.

Notes: The references cited in this table are listed in the reference list (Chapter 5) of this plan.

CFR = Code of Federal Regulations

DQO = data quality objective

RCRA = Resource Conservation and Recovery Act of 1976

WAC = Washington Administrative Code
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3 Groundwater Monitoring Program

This chapter lists the wells monitored, constituents analyzed, and sampling frequency. Protocols for

sampling and analysis are provided in the QAPjP in Appendix A.

3.1 Constituent List and Sampling Frequency

Table 3-1 lists the constituents to be analyzed for RCRA. All wells are to be sampled semiannually and

constituents are monitored semiannually or annually, as indicated in Table 3-1.

Maintenance problems and sampling logistics sometimes delay scheduled sampling events. If a well is

delayed more than 3 months, that event will be cancelled, as it would be nearly time for the next

scheduled sampling event. Missed sampling events are reported in the annual groundwater report.

3.2 Monitoring Well Network

Figure 3-1 shows the groundwater monitoring well network for LLWMA-4. Table 3-1 lists the wells in

the groundwater monitoring network, their constituents, and sampling frequencies. Some of the wells in

the LLWMA-4 monitoring network are also sampled for the 200-ZP-1 OU. Sampling for LLWMA-4 and

the 200-ZP-1 OU is coordinated to eliminate duplicate analyses and well trips.

Table 3-2 summarizes well construction information and provides the current water table elevation in

each well. All of the wells in the LLWMA-4 monitoring network are constructed to meet the

requirements of WAC 173-160, "Minimum Standards for Construction and Maintenance of Wells."

These wells have stainless-steel casing and screen, sand pack in the screened interval, and full annular

seal above.

There are currently no upgradient wells at LLWMA-4, as all have either gone dry or groundwater flow

direction has changed due to the influence of injections wells west of the LLWMA. Four new

downgradient wells were drilled in 2005 and 2006. Several alternatives are currently being considered

regarding upgradient well compliance issues:

" Deepen existing wells upgradient of LLWMA-4: Four dry monitoring wells that have not yet been

decommissioned are located along the western (upgradient) edge of LLWMA-4 and are candidates

for deepening. The March 2009 depth to water is between approximately 77 m (252 ft) below ground

surface at well 299-W15-15 and 68 m (223 ft) below ground surface at well 299-W18-21 prior to

the wells going dry. Thus, the dry wells located west of LLWMA-4 would need to be deepened as

much as 7.6 m (25 ft) from original drilled depth to have about 6.1 m (20 ft) of water in the new

screened interval.

* Identify one existing useable well upgradient: Only well 699-39-79 is a potential candidate for use

as an upgradient well. The well is an old, perforated, carbon-steel well that is currently used for

water-level measurements. There is no documentation regarding the surface casing, surface seals,

or annual seals; therefore, the well is not WAC 173-160-compliant but it might be usable as

a monitoring well after further evaluation and extensive well maintenance.
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Table 3-1. Sampling Schedule for LLWMA-4

RCRA Required Constituentsa

Purpose

Downgradient
(deep) Y I S

Contamination Indicator
Parameters

S S

U
0

S

x
0

S

AnionSd

I-

0

U

ga
*6-

a,

A I A

Metals (Filtered
and Unfiltered)d

E

0
U)

0
.h

A I A

4)

A

Supporting Constituentsb

Groundwater Quality
Parameters

.5
a

A'

4)

0.
E4)

U

I-

I-

S I S

x
0

a

S S

299-W15-30 Downgradient Y S S4 S4 S4 S4 A A A A A A S S S S

299-W15-83 Downgradient Y S S4 S4 S4 S4 A A A A A A S S S S

299-W15-94 Downgradient Y S S4 S4 S4 S4 A A A A A A S S S S

299-W15-152 Downgradient Y S S4 S4 S4 S4 A A A A A A S S S S

299-Wi 5-224 Downgradient Y S S4 S4 S4 S4 A A A A A A S S S S

299-W18-22 Upgradient Y S S S S S A A A A A A S S S S(deep)

a. Constituents and parameters required by 40 CFR 265.92, "Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage,
and Disposal Facilities," "Sampling and Analysis."

b. Constituents are not required by RCRA but are needed to support interpretation.

c. Field measurement.

d. For anions, analytes include, but are not limited to, chloride, fluoride, nitrate, nitrite, and sulfate. For metals, analytes include, but are not limited to,
calcium, chromium, iron, magnesium, manganese, potassium, and sodium.

--------------- --- -
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Well Name

299-W15-17
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Table 3-1. Sampling Schedule for LLWMA-4

RCRA Required Constituents" Supporting Constituentsb

Contamination Indicator Groundwater Quality
Parameters Parameters

Metals (Filtered
)d d dAnions and Unfiltered)

- 0

A = sampled annually
CFR = Code of Federal Regulations
LLWMA = low-level waste management area
RC RA = Resource Conservation and Recovery Act of 1976
S = sampled semiannually
S4 = sampled semiannually, with quadruplicate samples taken
TOG = total organic carbon

TOX = total organic halides
WAC = Washington Administrative Code
Y = well is constructed to the resource protection well standards of WAG 173-160, Minimum Standards for Construction and Maintenance

of Wells"

0
0
m

C)
C)
1P

m)



DOE/RL-2009-69, REV. 1

Wi15-11
A

Wi15-45 Wi 5-34I
K- - /A W1 5-1 A

K-,',,' <~-W15-224 A W15-7

A

W1W15-30

K-K-K-§ -§§KK-W15-17U

wis-is~~~W 5(-6j~(KWi53

LJ K KK-V'- -'W15-152 W15-

K-,',- K-- K-K-K- W1S94 ~W15-36
W18-36K~KKK--K

W W18-23 K"'K,. 16ZI

W 8-3 K-'K ''. ',, - 36

W1 8-22 K --KK -,-- L
W1-3 K'KtW18 K'-2 DryWel

W1gure 3K-1,, GroK-K-K-K- 'oiorn WMA-U o LWM

V ',%kfr-§§'K,'K-K3'4



=- = M W M- = = - -M M---=- M M

Table 3-2. Attributes for Wells in LLWMA-4 Groundwater Monitoring Network

Open
Top of Casing Water Table Open Interval Water

Well Completion Easting Northing Elevation Elevation Interval Top Bottom Remaining
Name Date (m) (m) (m NAVD88) (m amsl)* (m amsl) (m amsl) (m)

299-Wi 5-17 October 1987 566306.891 135718.958 209.78 135.57 80.98 77.98 57.59

299-W15-30 May 1995 588304.617 135748.936 210.13 135.57 143.668 131.49 4.08

299-W15-83 September 2005 566304.52 135826.24 209.32 135.32 137.69 127.02 8.30

299-W15-94 September 2005 566307.58 135640.34 209.86 135.62 137.90 126.23 8.39

299-W15-152 September 2005 566309.40 135550.00 209.87 135.72 137.93 126.26 8.46

299-W15-224 April 2006 566307.89 135926.08 209.19 135.29 137.41 126.74 8.55

299-W18-22 September 1987 566088.632 134990.157 204.86 136.56 77.91 68.46 68.10

* March 2009 water levels.

amsl = above mean sea level

NAVD88 = North American Vertical Datum of 1988
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" Alternative statistics that do not require upgradient wells: The RCRA allows application of
intrawell statistical methods for analysis of groundwater monitoring data at permitted facilities. These
methods, allowable in accordance with WAC 173-303-645(8) ("Releases from Regulated Units"),
include the use of a tolerance or prediction interval procedure (in WAC 173-303-645[8][h][ii])) and
a control-chart approach (in WAC 173-303-645[8][h][iv]). These approaches may be applied without
use of upgradient wells because each new analytical result from a downgradient well is compared to
previously obtained results from the same well. For groundwater applications, procedures for both
methods are discussed in EPA guidance (EPA/530-R-93-003, Statistical Training Coursefor Ground-
Water Monitoring Data Analysis; EPA 530/R-09-007, Statistical Analysis of Groundwater
Monitoring Data at RCRA Facilities Unified Guidance) and in Guide for Developing Appropriate
Statistical Approaches for Ground- Water Detection Monitoring Programs (ASTM D6312-98).

" Temporary use of a new expanded 200 West Area pump-and-treat injection well: New injection
well IW-6 is currently planned to be located on the west (downgradient) side of LLWMA-4. It may
be feasible that when the well is drilled, it could be used as an upgradient monitoring wells until such
time that it is needed for an injection well. The well is not scheduled to be drilled until 2012, but it
may be possible to move installation for well IW-6 to an earlier date. New injection well IW-7 is
currently planned to be located on the east side (downgradient) of LLWMA-4, and this well is also
scheduled for installation in 2012. Results of future modeling for the pump-and-treat system may
result in moving well IW-7 further west, along the upgradient side of LLWMA-4.

3.3 Sampling and Analysis Protocol

Groundwater monitoring activities at LLWMA-4 follow the conventions of the project and are described
in Chapter 4 and Appendix A.

3.4 Differences Between This Plan and Previous Plan

There are several differences between the wells and analytes monitored by this plan and the wells and
analytes measured by the previous plan (PNNL-14859-ICN-2), including the following:

* Three wells that recently went dry (299-Wi5-15, 299-W18-21, and 299-W18-23) have been dropped
from the network described in the previous plan.

* Two analytes, mercury and lead, have been dropped from the LLWMA-4 analyte list. Twenty years
of monitoring for these constituents has shown that neither is a problem at the LLWMA.

* The sampling frequency for groundwater quality parameters has been changed from semiannual to
annual, which is still in compliance with 40 CFR 265.92(d)(1).
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4 Data Evaluation and Reporting

This chapter discusses data evaluation and reporting for LLWMA-4.

4.1 Data Review

Data review, validation, and verification activities are discussed in the QAPjP (Appendix A).

4.2 Statistical Evaluation

Statistical upgradient and downgradient comparisons are required to test for potential impact to the

groundwater at RCRA interim status facilities in accordance with 40 CFR 265.93, "Preparation,
Evaluation, and Response." For each of the four indicator parameters, the owner or operator must

calculate the arithmetic mean and variance based on at least four replicate measurements on each sample

for each well monitored, and compare these results with the initial background arithmetic mean.

The comparison must consider each of the individual wells in the monitoring system and must use

the Student's t-test at the 0.01 level of significance to determine statistically significant increases (and

decreases, in the case of pH) over initial background. Implementation of the statistical test method at

the Hanford Site, including at LLWMA-4, is described in further detail in Hanford Site Groundwater

Monitoring: Setting, Sources and Methods (PNNL-13 080); Statistical Approach on RCRA Groundwater

Monitoring Projects at the Hanford Site (WHC-SA-1 124-FP); and EPA 530/R-09-007.

If comparisons for an upgradient well show a significant increase (or pH decrease), the information must

be submitted in the Hanford Site annual groundwater report. If the comparisons for a downgradient well

show a significant increase (or pH decrease), then the well is resampled and split samples are sent to

different laboratories to determine if the exceedance of the comparison value was the result of laboratory

error. In addition, the original samples may be re-analyzed if laboratory error is suspected.

If the exceedance of the statistical comparison value is confirmed by resampling, written notice is then

provided to the regional administrator within 7 days that the facility may be affecting groundwater

quality. Within 15 days after the notification, a groundwater quality assessment program must be

developed and submitted. In some instances, it is possible to immediately determine that the statistical

finding is not the result of contamination from the facility. In that case, the regional administrator is

notified and an assessment program is not instituted.

4.3 Interpretation

After data are validated and verified, acceptable data are used to interpret groundwater conditions at

LLWMA-4. Interpretive techniques include the following:

* Hydrographs: Graph water levels versus time to determine decreases, increases, seasonal, or

manmade fluctuations in groundwater levels.

* Water table maps: Use water table elevations from multiple wells to construct contour maps and to

estimate flow directions. Groundwater flow is assumed to be perpendicular to lines of equal potential

on the maps.

* Trend plots: Graph concentrations of constituents versus time to determine increases, decreases, and

fluctuations. May be used in tandem with hydrographs and/or water table maps to determine if

concentrations are related to changes in water level or in groundwater flow directions.
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" Plume maps: Map distributions of chemical or radiological constituent concentrations in the aquifer
to determine extent of contamination. Changes in plume distribution over time assist in determining

plume movement and the direction of groundwater flow.

" Contaminant ratios: Can sometimes be used to distinguish among different sources
of contamination.

4.4 Annual Determination of Monitoring Network

The RCRA groundwater monitoring requirements include an annual evaluation of the groundwater
monitoring network to determine if it remains adequate to monitor the LLWMA. The network must
include upgradient and downgradient wells in the uppermost aquifer.

The groundwater flow direction beneath LLWMA-4 may change in the future due to increases or
decreases in groundwater extraction and injection associated with the 200-ZP-1 OU groundwater
pump-and-treat system. The 200-ZP- 1 groundwater pump-and-treat system is currently being expanded
and is expected to begin operations in late 2011. The expansion has delayed proposing new monitoring
well construction until after the anticipated large effects of the expanded pump-and-treat system are
measured. Any new RCRA wells needed at LLWMA-4 will be negotiated and prioritized by Ecology,
DOE, and EPA and approved in accordance with Tri-Party Agreement Milestone M-24-00.

Water-level measurements will continue to be collected before each sampling event. A more
comprehensive set of water-level measurements is made in the 200 West Area in March of each year.
The resulting data presented in the annual Hanford Site groundwater monitoring report
(e.g., DOE/RL-2010-11, Hanford Site Groundwater Monitoring and Performance Report for 2009:
Volumes 1 & 2).

4.5 Reporting and Notification

The results of indicator evaluation monitoring are reported annually in accordance with the requirements
of 40 CFR 265.94, "Recordkeeping and Reporting." Reporting will be made in the annual Hanford Site
groundwater monitoring report (e.g., DOE/RL-2010-11).
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Quality Assurance Project Plan

The contractor's quality assurance (QA) program describes the contractor's QA structure, requirements,
implementation methods, and responsibilities. The contractor's environmental QA program plan provides
the requirements for collecting and assessing environmental data in accordance with the following:

* 10 Code ofFederal Regulations (CFR) 830, Subpart A, "Nuclear Safety Management,"
"Quality Assurance Requirements"

* DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Documents
(HASQARD)

* EPA/240/B-01/003, EPA Requirements for Quality Assurance Project Plans

* U.S. Department of Energy (DOE) 0 414.1C, Quality Assurance

This quality assurance project plan (QAPjP) establishes the quality requirements for environmental data
collection including the planning, implementation, and assessment of sampling, field measurements, and
laboratory analyses. Sections 6.5 and 7.8 of the Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) (Ecology et al., 1989a), Attachment 2, "Action Plan," require that QA/quality
control (QC) and sampling and analysis activities specify the QA requirements for treatment, storage,
and disposal (TSD) units. The HASQARD requirements (DOE/RL-96-68) also apply to this work.

The content of this QAPjP is patterned after the QA elements of EPA/240/B-01/003. The QAPjP
demonstrates conformance to the Part B requirements of ANSI/ASQ E4, Quality Systemsfor
Environmental Data and Technology Programs: Requirements with Guidance for Use. This QAPjP is
divided into four sections (designated in EPA/240/B-01/003) that describe the quality requirements
and controls applicable to this investigation. This QAPjP is intended to supplement the contractor's
environmental QA program plan.

Al Project Management
This section addresses the basic aspects of project management and will ensure that the project has
defined goals, that the participants understand the goals and the approaches used, and that the planned
outputs are appropriately documented.

A1.1 Project/Task Organization

The project organization in regard to planning, sampling, analysis, and data assessment is described in
the following subsections and is shown in Figure A-1. For each functional primary contractor role, there
is a corresponding oversight role within the DOE.

A1.1.1 Regulatory Project Manager
The Washington State Department of Ecology (Ecology) project manager is responsible for oversight
of the work being performed under this groundwater monitoring plan. Ecology will work with the
DOE Richland Operations Office (RL) to resolve concerns regarding the work as described in
this QAPjP. Ecology can request this plan during a regulatory compliance inspection for review.
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Figure A-1. Project Organization

A1.1.2 U.S. Department of Energy, Richland Operations Office Project Manager

Hanford Site cleanup is the responsibility of RL. The RL project manager is responsible for authorizing

the contractor to perform activities under the Comprehensive Environmental Response, Compensation,

and Liability Act of 1980; the Resource Conservation and Recovery Act of 1976 (RCRA); the Atomic

Energy Act of 1954; and the Tri-Party Agreement for the Hanford Site.

A1.1.3 U.S. Department of Energy, Richland Operations Office Subject Matter Expert

The RL subject matter expert is responsible for day-to-day oversight of the contractor's performance of

workscope, for working with the contractor and the regulatory agencies to identify and work through

issues, and for providing technical input to the RL project manager.

A1.1.4 Contractor Groundwater Remediation Department Manager
The contractor groundwater remediation department manager provides oversight for all activities and

coordinates with DOE, the regulators, and primary contractor management in support of sampling and

reporting activities. The remediation department manager also provides support to the RCRA Monitoring

and Reporting manager to ensure that work is performed safely and cost effectively.
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A1.1.5 Groundwater Sampling Operations
Groundwater sampling operations is responsible for planning and coordinating field sampling resources
and provides the field work supervisor for routine groundwater sampling operations. The field work
supervisor directs the samplers, who collect groundwater samples in accordance with the sampling and
analysis plan, and corresponding standard procedures and work packages. The samplers also complete
the field logbook and chain-of-custody forms, including any shipping paperwork, and ensure delivery of
the samples to the analytical laboratory.

A1.1.6 RCRA Monitoring and Reporting
The RCRA Monitoring and Reporting manager is responsible for direct management of activities
performed to meet RCRA TSD monitoring requirements. The RCRA Monitoring and Reporting manager
coordinates with and reports to DOE and primary contractor management regarding RCRA TSD
monitoring requirements. The RCRA Monitoring and Reporting manager assigns scientists to provide
technical expertise.

A1.1.7 Sample Management and Reporting Organization
The Sample Management and Reporting organization coordinates laboratory analytical work to
ensure that laboratories conform to HASQARD requirements (or their equivalent), as approved by DOE,
the U.S. Environmental Protection Agency (EPA), and Ecology. Sample Management and Reporting
receives analytical data from the laboratories, performs data entry into the Hanford Environmental
Information System (HEIS) database, and arranges for data validation. Sample Management and
Reporting is responsible for informing the RCRA Monitoring and Reporting manager of any issues
reported by the analytical laboratories.

A1.1.8 Contract Laboratories
The contract laboratories analyze samples in accordance with established procedures and provide
necessary sample reports and explanations of results to support data validation. The laboratories must
meet site-specific QA requirements and must have an approved QA plan in place.

A1.1.9 Quality Assurance
The QA point of contact is matrixed to the subject matter expert and is responsible for QA issues on the
project. Responsibilities include overseeing implementation of the project QA requirements; reviewing
project documents, including data quality objective (DQO) summary reports, sampling and analysis plans,
and the QAPjP; and participating in QA assessments on sample collection and analysis activities, as
appropriate. The QA point of contact must be independent of the unit generating the data.

A1.1.10 Environmental Compliance Officer
The environmental compliance officer provides technical oversight, direction, and acceptance of project
and subcontracted environmental work, and also develops appropriate mitigation measures with the goal
of minimizing adverse environmental impacts.

A1.1.11 Health and Safety
The Health and Safety organization is responsible for coordinating industrial safety and health support
within the project as carried out through health and safety plans, job hazard analyses, and other pertinent
safety documents required by federal regulations or by internal primary contractor work requirements.

A1.1.12 Waste Management
Waste Management communicates policies and procedures and ensures project compliance for storage,
transportation, disposal, and waste tracking in a safe and cost-effective manner.
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A1.2 Problem Definition/Background

The problem definition, as required by Washington Administrative Code (WAC) 173-303-400

("Dangerous Waste Regulations," "Interim Status Facility Standards") and 40 CFR 265, Subpart F

("Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and

Disposal Facilities," "Ground-Water Monitoring"), is outlined in the main text discussion of this

monitoring plan. The background is also provided in the monitoring plan.

Al.3 Project/Task Description

The project description is provided in Chapters 3 and 4 of this monitoring plan and includes the selection

of appropriate dangerous waste or dangerous waste constituents, collection and analyses of groundwater

from the monitoring network, interpretation of analytical results, evaluation of the monitoring network,
and reporting.

The target analytes, along with the monitoring wells and frequency of sampling, are provided in

Chapter 3.

A1.4 Quality Objectives and Criteria

The quality objectives and criteria for groundwater monitoring are defined in this QAPjP in order to

meet the evaluation requirements stated in the monitoring plan.

A1.5 Special Training/Certification

Workers receive a level of training that is commensurate with their responsibility of collecting and

transporting groundwater samples according to the requirements of WAC 173-303-330, "Personnel

Training." The field work supervisor, in coordination with line management, will ensure that all field

personnel meet training requirements.

A1.6 Documents and Records

The project scientist is responsible for ensuring that the current version of the groundwater monitoring

plan is used and for providing any updates to field personnel. Version control is maintained by the

administrative document control process. Significant changes to the plan that affect DQOs will be

reviewed and approved by DOE and the regulatory agency prior to implementation. Table A-I defines

the types of changes that may be made to the sampling design and the documentation requirements.

Logbooks and data forms are required for field activities. The logbook must be identified with a unique

project name and number. Individuals responsible for the logbooks shall be identified in the front of

the logbook, and only authorized individuals may make entries into the logbooks. Logbooks will be

controlled in accordance with internal work requirements and processes.

The HEIS database will be identified as a data repository for the Hanford Facility Operating Record

unit file. Records may be stored in either electronic or hardcopy format. Documentation and records,
regardless of medium or format, are controlled in accordance with internal work requirements and

processes that ensure accuracy and retrievability of stored records. Records required by the Tri-Party
Agreement will be managed in accordance with the requirements therein.
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Table A-1. Actions and Documentation for Regulatory Notification

Type of Change Action Documentation

Temporary addition of wells or RCRA Monitoring and Reporting Project's schedule tracking
constituents, or increased sampling manager approval; notify ssm
frequency regulatory agency, if appropriate system

Unintentional impact to groundwater
monitoring plan including one-time
missed well sampling due to operational
constraints, delayed sample collection, Electronic notification RCRA annual report
broken pump, lost bottle set, missed
sampling of indicator parameters, loss of
samples in transit, etc.

Planned change to groundwater
monitoring activities, including addition or Revise monitoring plan Revised RCRA groundwater
deletion of constituents or wells, change monitoring plan
of sampling frequency, etc.

Anticipated unavoidable changes Electronic notification; revise RCRA annual report and revised
(e.g., dry wells) monitoring plan groundwater monitoring plan

RCRA = Resource Conservation and Recovery Act of 1976

The results of groundwater monitoring are reported annually in accordance with the requirements of

40 CFR 265.94, "Recordkeeping and Reporting." Reporting will be made in annual Hanford Site
groundwater monitoring reports (e.g., DOE/RL-2010-1 1, Hanford Site Groundwater Monitoring and

Performance Report for 2009: Volumes 1 & 2).

A2 Data Generation and Acquisition
This section addresses data generation and acquisition to ensure that the project's methods for sampling,

measurement and analysis, data collection or generation, data handling, and QC activities are appropriate

and documented.

A2.1 Sampling Process Design (Experimental Design)

The sampling design is based on regulatory requirements and judgmental sampling.

A2.1.1 Regulatory Requirements
The groundwater protection regulations of WAC 173-303-400 dictate the groundwater sampling and

analysis requirements applicable to interim status TSD units.

A2.1.2 Judgmental Sampling
The selection of sampling and analysis requirements is based on knowledge of the feature or condition
under investigation and is also based on professional judgment. The TSD monitoring is based on

professional judgment. Conclusions depend on the validity and accuracy of professional judgment.
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A2.2 Sampling Methods

Sampling is described in the contractor's environmental QA program plan, including the following:

" Field sampling methods

" Sample preservation, containers, and holding times

" Corrective actions for sampling activities

" Decontamination of sampling equipment

The groundwater sampling operations supervisor must ensure that situations that may impair the usability

of samples and/or data are documented in the field logbook or on nonconformance report forms in
accordance with internal corrective action procedures, as appropriate. The groundwater sampling

operations supervisor will note any deviations that occur from the standard procedures for sample
collection, contaminants of potential concern, sample transport, or monitoring. The groundwater sampling
operations supervisor is also responsible for coordinating all activities related to the use of field

monitoring equipment (e.g., dosimeters and industrial hygiene equipment). Field personnel will document
in the logbook all noncompliant measurements taken during field sampling. Ultimately, the groundwater

sampling operations supervisor is responsible for developing, implementing, and communicating

corrective action procedures; for documenting all deviations from procedure; and for ensuring that
immediate corrective actions are applied to field activities. Problems with sample collection, custody, or

data acquisition that adversely impact data quality or impair the ability to acquire data or failure to follow

procedure will be documented in accordance with internal corrective action procedures, as appropriate.

A2.3 Sample Handling and Custody
A sampling and data tracking database is used to track samples from the point of collection through the
laboratory analysis process. Laboratory analytical results are entered and maintained in the HEIS
database. Each sample is identified and labeled with a unique HEIS sample number. The contractor's

environmental QA program plan specifies sample handling information, including the following:

" Container requirements

" Container labeling and tracking process

" Sample custody requirements

" Shipping and transportation

Sample custody during laboratory analysis is addressed in the applicable laboratory's standard operating
procedures. Laboratory custody procedures will ensure that sample integrity and identification are

maintained throughout the analytical process. Storage of samples at the laboratory will be consistent with
laboratory instructions prepared by the Sample Management and Reporting organization.

A2.4 Analytical Methods

Information on analytical methods is provided in Tables A-2 and A-3. These analytical methods are
controlled in accordance with the laboratory's QA plan and the requirements of this QAPjP. The primary

contractor participates in oversight of offsite analytical laboratories to qualify the laboratories for

performing Hanford Site analytical work.
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Table A-2. Preservation Techniques, Analytical Methods Used, and Current
Method Quantitation Limits for Continuing Constituents

Method
Collection and Analysis Quantitation

Constituent Preservation' Methodsb Limit (pgIL)c

Contamination Indicator Parameters

Total organic carbon G, HCI to pH <2 SW-846 Method 9060 1,000

Total organic halides G, H2S0 4 to pH <2, SW-846 Method 9020 20
__________________ j no headspace ______ ________j_________

Metals Analyzed by Inductively Coupled Plasma Method - Unfiltered/Filtered

Calcium 1,000

Chromium 10

Sodium SW-84 6d Method 6010B/C, 500
Manganese P, HNO 3 to pH <2 SW-846 Method 6020, or 5

EPA/600 Method 200.8
Potassium 4,000

Iron 50

Magnesium 750

Anions by Ion Chromatography

Fluoride 500

Nitrate 250

Sulfate P, none EPA/600 Method 300.0e 500

Chloride 200

Nitrite 250

Other

Temperature Field measurement Instrument/meter --

Conductivity, field N/A Instrument/meter 1 pohm

pH, field measurement N/A Instrument/meter 0.1

a. Samples will be collected in plastic (P) or glass (G) containers and will be cooled to 40C
upon collection.
b. Constituents grouped together are analyzed by the same method, unless otherwise indicated.

c. Detection limit units, except where indicated.

d. SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition;
Final Update IV-B.

e. SW-846 Method 6010 is the preferred method; however, Method 6020 or EPA/600 Method 200.8 may
be used, as long as the method quantitation limit listed is met.

EPA = U.S. Environmental Protection Agency
N/A = not applicable
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Table A-3. Preservation Techniques, Analytical Methods Used,
and Current Method Quantitation Limits for Supporting Constituents

Method
Collection and Analysis Quantitation

Constituent Preservation' Methodsb Limit (gigL)c

Volatiles by Gas Chromatography/Mass Spectrometry

1,1-Dichloroethane

1,1-Dichloroethylene

1,1,1-Trichloroethane

1,1,2,2-Tetrachloroethane

1,1,2-Trichloroethane

1,2-Dibromoethane

1,2-Dichloroethane

1,2-Dichloropropane

1,2,4-Trichlorobenzene

1,4-Dichlorobenzene

1,4-Dioxane

2-Butanone

2-Hexanone

2-Propanone

3-Chloropropene

4-Methyl-2-petanone

Acetonitrile

Acrolein

Acrylonitrile

Benzene

Bromomethane

Carbon disulfide

Carbon tetrachloride

Chlorobenzene

Chloroethene

Chloroform

Chloromethane

cis-1, 3-Dichloropropene

G, no headspace SW-846 Method 8260B
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Table A-3. Preservation Techniques, Analytical Methods Used,
and Current Method Quantitation Limits for Supporting Constituents

Method
Collection and Analysis Quantitation

Constituent Preservationa Methodsb Limit (Wjg/L)c

Dichlorodifluoromethane 10

Dichloromethane 5

Ethylbenzene 5

Ethyl cyanide 10

Methacrylonitrile 10

Styrene 5

Tetrachloroethene 5

Toluene 5

Trans- 1,3-dichloropropene 5

Trichloroethylene 5

Trichlorofluoromethane 10

Xylene 10

Other Supporting Constituents

Standard Methodd 2320,
Alkalinity G/P, none EPA/600 Method 310.1, 5,000

EPA/600 Method 310.2

a. All samples will be collected in plastic (P) or glass (G) containers, and all samples will be cooled to 40C
upon collection.

b. Constituents grouped together are analyzed by the same method, unless otherwise indicated.

c. Detection limit units.

d. Analytical method adapted from Method 300.0, Test Methods for Determination of Inorganic Anions
in Water by Ion Chromatography (EPA-600/4-84-017).

EPA = U.S. Environmental Protection Agency

Laboratories providing analytical services in support of this QAPjP will report errors to the Sample

Management and Reporting project coordinator, who will then initiate a sample disposition record. The

error-reporting process is intended to document analytical errors and the resolution of those errors with

the project scientist. The corrective action program addresses the following:

" Evaluation of impacts of laboratory QC failures on data quality

* Root-cause analysis of QC failures

* Evaluation of recurring conditions that are adverse to quality

" Trend analysis of quality-affecting problems

" Implementation of a quality improvement process

" Control of nonconforming materials that may affect quality
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A2.5 Quality Control

The QC procedures must be followed in the field and laboratory to ensure that reliable data are obtained.
Field QC samples will be collected to evaluate the potential for cross-contamination and to provide
information pertinent to field variability. Field QC for sampling will require the collection of field
replicates (duplicates), trip or field blanks, and equipment blanks. Laboratory QC samples estimate the
precision and bias of the analytical data. Field and laboratory QC samples are summarized in Table A-4.

Table A-4. Quality Control Samples

Sample Type Primary Characteristics Evaluated Frequency

Field QC

Full trip blank Contamination from containers or transportation 1 per 20 well trips

Field transfer blank Contamination from sampling site 1 each day; volatile organic
compounds sampled

Equipment blank Contamination from non-dedicated equipment As neededa

Replicate/duplicate Reproducibility 1 per 20 well tripssamples

Laboratory QC

Method blanks Laboratory contamination 1 per batch

Laboratory duplicates Laboratory reproducibility See footnote b

Matrix spikes Matrix effect and laboratory accuracy See footnote b

Matrix spike duplicates Laboratory reproducibility/accuracy See footnote b

Surrogates Recovery/yield See footnote b

Laboratory control Method accuracy 1 per batch
samples

a. For portable Grundfos@ (registered trademark of Grundfos Pumps Corporation, Colorado Springs,
Colorado) pumps, equipment blanks are collected 1 per 10 well trips. Whenever a new type of non-dedicated
equipment is used, an equipment blank shall be collected every time sampling occurs until it can be shown
that less frequent collection of equipment blanks is adequate to monitor the decontamination procedure for
the non-dedicated equipment.
b. As defined in the laboratory contract or quality assurance plan, and/or analysis procedures.
QC = quality control

A2.5.1 Field Quality Control Samples
Field QC samples will be collected to evaluate the potential for cross-contamination and laboratory
performance. The QC samples and the required frequency for collection are described in this section.

Full trip blanks (FTBs) are prepared by the sampling team prior to traveling to the sampling site. The FTB
is filled with high-purity reagent water. The bottles are sealed and transported, unopened, to the field in
the same storage containers used for samples collected that day. Collected FTBs are analyzed for the
same constituents as the samples. The FTBs are used to evaluate potential contamination of the samples
due to the sample bottles, preservative, handling, storage, or transportation.
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Field transfer blanks (FXRs) are preserved volatile organic analysis sample bottles that are filled at

the sample collection site with high-purity reagent water that has been transported to the field. After

collection, FXR bottles are sealed and placed in the same storage containers with the samples from the

associated sampling event. The FXR samples are analyzed for volatile organic compounds only.

The FXRs are used to evaluate potential contamination caused by conditions in the field.

Equipment blanks (EBs) are samples in which high-purity reagent water is passed through the pump or

placed in contact with the sampling surfaces of the equipment to collect blank samples identical to the

sample set that will be collected. The EB bottles are placed in the same storage containers with the

samples from the associated sampling event. The EB samples are analyzed for the same constituents as

the samples from the associated sampling event. The EBs are used to evaluate the effectiveness of the

cleaning process to ensure that samples are not cross-contaminated from previous sampling events.

For the field blanks (i.e., FTBs, FXRs, and EBs), results above two times the method detection limit are

identified as suspected contamination. However, for common laboratory contaminants such as acetone,
methylene chloride, 2-butanone, toluene, and phthalate esters, the limit is five times the method

detection limit.

Field duplicates, also known as replicates, are two samples that are collected as close as possible to the

same time and same location, and they are intended to be identical. Field duplicates are stored and

transported together and are analyzed for the same constituents. The field duplicates are used to

determine precision for both sampling and laboratory measurements. The results of the field duplicates

must have precision within 20 percent, as measured by the relative percent difference. Only field

duplicates with at least one result greater than five times the method detection limit or minimum

detectable activity are evaluated.

Double-blind samples contain a concentration of analyte known to the supplier but unknown to the

analyzing laboratory. The laboratory is not informed that the samples are QC samples. The project

submits double-blind samples to assess analytical precision and accuracy.

A2.5.2 Laboratory Quality Control Samples
The laboratory QC samples (e.g., method blanks, laboratory control sample/blank spikes, and matrix

spikes) are defined in Chapter 1 of SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical

Methods, Third Edition; Final Update IV-B, and will be run at the frequency specified in that reference,
unless superseded by agreement.

A2.5.3 Quality Control Requirements
Table A-5 lists the acceptance criteria for QC samples, and Table A-6 lists the acceptable recovery limits

for the double-blind standards. These samples are prepared by spiking Hanford Site background well

water with known concentrations of constituents of interest. Spiking concentrations range from the

detection limit to the upper limit of concentration determined in groundwater on the Hanford Site.

Investigations shall be conducted for double-blind standards that are outside of acceptance limits.

The results from these standards are used to determine the acceptability of the associated parameter data.
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Table A-5. Field and Laboratory Quality Control Elements and Acceptance Criteria

QC Acceptance Corrective
Methoda Element Criteria Action

General Chemical Parameters

MB <MDL Flagged with "C"

Alkalinity LCS 80-120% recovery Data reviewedd

Conductivity DUP 520% RPDc Data reviewedd
pH
Total organic carbon MSe 75-125% recovery Flagged with "N"

Total organic halides EB, FTB <2 times MDL Flagged with "Q"

Field duplicate 520% RPD' Flagged with "Q"

Anions

MB <MDL Flagged with "C"

LCS 80-120% recoveryc Data reviewedd

DUP 520% RPDC Data reviewedd
Anions by IC

MS 75-125% recoveryc Flagged with "N"

EB, FTB <2 times MDL Flagged with "Q"

Field duplicate 520% RPD' Flagged with "0"

Metals

MB <CRDL Flagged with "C"

LCS 80-120% recoveryc Data reviewedd

ICP metals MS 75-125% recovery Flagged with "N"

ICP/MS metals MSD <20% RPDC Data reviewedd

EB, FTB <2 times MDL Flagged with "Q"

Field duplicate 520% RPD' Flagged with "Q"

Volatile Organic Compounds

MB <MDL Flagged with "B"

LCS Statistically derivedg Data reviewed

MS Statistically derivedg Flagged with "N"

Volatiles by GC/MS MSD Statistically derivedg Data reviewedd

SUR Statistically derivedg Data reviewedd

EB, FTB, FXR <2 times MDLh Flagged with "Q"

Field duplicate 520% RPD' Flagged with "Q"
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Table A-5. Field and Laboratory Quality Control Elements and Acceptance Criteria

QC Acceptance Corrective
Methoda Element Criteria Action

Semivolatile Organic Compounds

MB <2 times MDL Flagged with "B"

LCS Statistically derivedg Data reviewedd

MS Statistically derivedg Flagged with "N"

Phenols by GC MSD Statistically derivedg Data reviewedd

SUR Statistically derivedg Data reviewedd

EB, FTB <2 times MDLh Flagged with "Q"

Field duplicate 520% RPD' Flagged with "Q"

a. Refer to Tables A-2 and A-3 for specific analytical methods.
b. Does not apply to pH.
c. Laboratory-determined, statistically derived control limits may also be used. Such limits are
reported with the data.
d. After review, corrective actions are determined on a case-by-case basis. Corrective actions
may include a laboratory recheck or flagging the data as suspect ("Y" flag) or rejected ("R" flag).
e. Applies to total organic carbon and total organic halides only.
f. Applies only in cases where one or both results are greater than five times the detection limit.

g. Determined by the laboratory based on historical data. Control limits are reported with the data.

h. For common laboratory contaminants such as acetone, methylene chloride, 2-butanone,
toluene, and phthalate esters, the acceptance criteria is less than five times the MDL.
Data flags:
B, C = possible laboratory contamination (analyte was detected in the associated method

blank)
N = result may be biased (associated matrix spike result was outside the acceptance

limits)
Q = problem with associated field QC sample (blank and/or duplicate results were out of

limits)
Abbreviations:
CRDL = contract-required detection limit
DUP = laboratory matrix duplicate
EB = equipment blank
FTB = full trip blank
FXR = field transfer blank
GC = gas chromatography
IC = ion chromatography
ICP = inductively coupled plasma
lCP/MS = inductively coupled plasma/mass spectrometry
LCS = laboratory control sample
MB = method blank

MDA = minimum detectable activity
MDL = method detection limit
MS = matrix spike

MSD = matrix spike duplicate
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Table A-5. Field and Laboratory Quality Control Elements and Acceptance Criteria

QC Acceptance Corrective
Method a Element Criteria Action

QC = quality control
RPD = relative percent difference
SUR = surrogate

Table A-6. Blind-Standard Constituents and Schedule

Accuracy Precision
Constituents Frequency (%) (% RSD)*

Carbon tetrachloride Quarterly ±25% 525%

Chloroform Quarterly ±25% 525%

Trichloroethene Quarterly ±25% 525%

Fluoride Quarterly ±25% 525%

Nitrate Quarterly ±25% 525%

Cyanide Quarterly ±25% 525%

Chromium Annually ±20% 520%

* If the results are less than five times the required detection limit, then the criterion
is that the difference of the results of the replicates is less than the required
detection limit.

RSD = relative standard deviation

Holding time is the elapsed time period between sample collection and analysis. The contractor's
environmental QA program plan provides a table with holding times. Exceeding the required holding
times could result in changes in constituent concentrations due to volatilization, decomposition, or other
chemical alterations. Recommended holding times depend on the analytical method, as specified in
SW-846 or Methods of Chemical Analysis of Water and Wastes (EPA-600/4-79-020). Data associated
with exceeded holding times are flagged with an "H" in the HEIS database. Data that exceed the holding
time shall be maintained but potentially may not be used in statistical analyses.

Additional QC measures include laboratory audits and participation in nationally based performance
evaluation studies. The contract laboratories participate in national studies such as the EPA-sanctioned
Water Pollution and Water Supply Performance Evaluation studies. The groundwater project periodically
audits the analytical laboratories to identify and solve quality problems, or to prevent such problems from
occurring. Audit results are used to improve performance, and the summaries of audit results and
performance evaluation studies are presented in the annual groundwater monitoring report.

Failure of QC will be determined and evaluated during data validation and the data quality assessment
process. Data will be qualified, as appropriate.
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A2.6 Instrument/Equipment Testing, Inspection, and Maintenance

Measurement and testing equipment used in the field or in the laboratory that directly affects the quality

of analytical data will be subject to preventive maintenance measures to minimize measurement system

downtime. Laboratories and onsite measurement organizations must maintain and calibrate their

equipment. Maintenance requirements (e.g., documentation of routine maintenance) will be included in

the individual laboratory and the onsite organization's QA plan or operating procedures, as appropriate.

Maintenance of laboratory instruments will be performed in a manner consistent with SW-846, or with

auditable HASQARD and contractual requirements. Consumables, supplies, and reagents will be

reviewed in accordance with SW-846 requirements and will be appropriate for their use.

A2.7 Instrument/Equipment Calibration and Frequency

Specific field equipment calibration information is provided in the environmental QA program plan.

Standards used for calibration will be certified and traceable to nationally recognized performance

standards. Analytical laboratory instruments and measuring equipment are calibrated in accordance with

the laboratory's QA plan.

A2.8 Inspection/Acceptance of Supplies and Consumables

Supplies and consumables used to support sampling and analysis activities are procured in accordance

with internal work requirements and processes that describe the contractor's acquisition system and the

responsibilities and interfaces necessary to ensure that items procured/acquired for contractor meet the

specific technical and quality requirements. The procurement system ensures that purchased items comply

with applicable procurement specifications. Supplies and consumables are checked and accepted by users

prior to use.

Supplies and consumables that are procured by the analytical laboratories are procured, checked, and used

in accordance with the laboratory's QA plan.

A2.9 Non-Direct Measurements

Non-direct measurements include data obtained from sources such as computer databases, programs,
literature files, and historical databases. If evaluation includes data from historical sources, whenever

possible such data will be validated to the same extent as the data generated as part of this effort. All data

used in evaluations will be identified by source.

A2.10 Data Management

The Sample Management and Reporting organization, in coordination with the RCRA Monitoring and

Reporting manager, is responsible for ensuring that analytical data are appropriately reviewed, managed,
and stored in accordance with applicable programmatic requirements that govern data management

procedures. Electronic data access, when appropriate, will be via a database (e.g., HEIS or

project-specific database). Where electronic data are not available, hardcopies will be provided in

accordance with Section 9.6 of the Tri Party Agreement Action Plan (Ecology et al., 1989b). The HEIS

database will be identified as a data repository for the Hanford Facility Operating Record unit file.

All field activities will be recorded in the field logbook.

Laboratory errors are reported to the Sample Management and Reporting organization on a routine basis.

For reported laboratory errors, a sample disposition record will be initiated in accordance with contractor

procedures. This process is used to document analytical errors and to establish resolution of the errors
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with the RCRA Monitoring and Reporting manager. Sample disposition records become a permanent part
of the analytical data package for future reference and for records management.

A3 Assessment and Oversight
The elements in this section address the activities for assessing the effectiveness of project
implementation and the associated QA and QC activities. The purpose of the assessment is to ensure
that the QAPjP is implemented as prescribed.

A3.1 Assessments and Response Actions

The contractor management, Regulatory Compliance, Quality, and/or Health and Safety organizations

may conduct random surveillances and assessments to verify compliance with the requirements outlined
in this QAPjP.

Oversight activities in the analytical laboratories, including corrective action management, are conducted
in accordance with the laboratory's QA plan. The primary contractor conducts oversight of offsite
analytical laboratories to qualify them for performing Hanford Site analytical work.

A3.2 Reports to Management

Reports to management on data quality issues will be made if and when these issues are identified. Issues
reported by the laboratories are communicated to the Sample Management and Reporting organization,
which initiates a sample disposition record in accordance with contractor procedures. This process is used
to document analytical or sample issues and to establish resolution with the RCRA Monitoring and
Reporting manager.

A4 Data Validation and Usability
The elements in this section address the QA activities that occur after the data collection phase of the
project is completed. Implementation of these elements determines whether the data conform to the
specified criteria, thus satisfying project objectives. These elements are further discussed in the
contractor's environmental QA program plan.

A4.1 Data Review, Verification, and Validation

The criteria for verification may include review for completeness (e.g., all samples were analyzed as
requested), use of the correct analytical method/procedure, transcription errors, correct application of
dilution factors, appropriate reporting of dry weight versus wet weight, and correct application of
conversion factors. Laboratory personnel may perform data verification.

A4.2 Verification and Validation Methods

The work activities shall follow documented procedures and processes for data validation and
verification, as summarized below. Validation of groundwater data consists of assessing whether the data
collected and measured truly reflect aquifer conditions. Verification means assessing data accuracy,
completeness, consistency, availability, and internal control practices to determine overall reliability of
the data collected. Other DQOs that shall be met include proper chain-of-custody, sample handling, use

of proper analytical techniques as applied for each constituent, and the quality and acceptability of the
laboratory analyses conducted.
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Groundwater monitoring staff perform checks on laboratory electronic data files for formatting, allowed

values, data flagging (i.e., qualifiers), and completeness. Hardcopy results are verified to check for

(1) completeness, (2) notes on condition of samples upon receipt by the laboratory, (3) notes on problems

encountered during analysis of the samples, and (4) correct reporting of results. If data are incomplete or

deficient, staff work with the laboratory to correct the problem found during the analysis.

The data validation process provides the requirements and guidance for validating groundwater data that

are routinely collected. Validation is a systematic process of reviewing verified data against a set of

criteria (provided in Section A2.5) to determine whether the data are acceptable for their intended use.

Results of laboratory and field QC evaluations, double-blind sample results, laboratory performance

evaluation samples, and holding-time criteria are considered when determining data usability. Staff

review the data to identify whether observed changes reflect changes in groundwater quality or potential

data errors, and they may request data reviews of laboratory, field, or water-level data for usability

purposes. The laboratory may be asked to check calculations or re-analyze the sample, or the well may

be resampled. Results of the data reviews are used to flag the data appropriately in the HEIS database

(e.g., "R" for reject, "Y" for suspect, or "G" for good) and/or to add comments.

A4.3 Reconciliation with User Requirements

The data quality assessment process compares completed field sampling activities to those proposed in

corresponding sampling documents and provides an evaluation of the resulting data. The purpose of the

data evaluation is to determine if quantitative data are of the correct type and are of adequate quality and

quantity to meet project DQOs. The RCRA Monitoring and Reporting manager is responsible for

determining if data quality assessment is necessary and for ensuring that, if required, one is performed.

The results of the data quality assessment will be used in interpreting the data and determining if the

objectives of this activity have been met.
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EXECUTIVE SUMMARY

Over 150 passive organic-vapor samples were collected in five burial grounds located in the

Hanford Site 200 West Area. Samples were analyzed for the presence of 28 organic compounds

identified to be contaminants of potential concern. Laboratory data revealed that 14 of the

28 compounds were detected at levels above the laboratory's practical quantitation limit

(25 nanograms per sample). One or more of the 28 organic contaminants of potential concern

were noted at 59 of the 151 total sample locations at levels greater than 25 nanograms per

sample.

Of particular interest to this study is the presence of carbon tetrachloride (CC14). This organic

compound was detected at 7 of the 151 sample locations at levels greater than 25 nanograms.

However, only three of these sample locations had CC14 levels greater than 100 nanograms: at

one location in Burial Ground 218-W-3A, trench 3-S had a reading of 149 nanograms; at another

location in Burial Ground 218-W-3A, trench 9-S had a CC14 level of 1,185; and one targeted

location in Burial Ground 218-W-4B, trench 8 had CC14 levels in excess of 70,000 nanograms.

Other organic compounds with elevated readings included tetrachlorethene; trichlorethene;

1,1,1-trichlorethene; 1,1-dichlorethane; 1,1-dichlorethene; 1,2-dichlorethane; chloroform; and

1,1,2-trichlorotrifluoroethane.

This report describes the sampling activity and laboratory results. This report will serve as the

basis for further review and analysis of the data, with the goal of developing recommendations

for additional nonintrusive and/or intrusive sampling, if warranted.
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METRIC CONVERSION CHART

Into Metric Units Out of Metric Units

Ifyou know Multiply by To get Ifyou know Multiply by To get

Length Length

inches 25.40 millimeters millimeters 0.0394 inches
inches 2.54 centimeters centimeters 0.394 inches
feet 0.305 meters meters 3.281 feet
yards 0.914 meters meters 1.094 yards
miles (statute) 1.609 kilometers kilometers 0.621 miles (statute)

Area Area

sq. inches 6.452 sq. centimeters sq. centimeters 0.155 sq. inches
sq. feet 0.0929 sq. meters sq. meters 10.764 sq. feet
sq. yards 0.836 sq. meters sq. meters 1.196 sq. yards
sq. miles 2.591 sq. kilometers sq. kilometers 0.386 sq. miles
acres 0.405 hectares hectares 2.471 acres

Mass (weight) Mass (weight)

ounces (avoir) 28.349 grams grams 0.0353 ounces (avoir)
pounds 0.454 kilograms kilograms 2.205 pounds (avoir)
tons (short) 0.907 ton (metric) ton (metric) 1.102 tons (short)

Volume Volume

teaspoons 5 milliliters milliliters 0.034 ounces
(U.S., liquid)

tablespoons 15 milliliters liters 2.113 pints
ounces 29.573 milliliters liters 1.057 quarts
(U.S., liquid) (U.S., liquid)
cups 0.24 liters liters 0.264 gallons

(U.S., liquid)
pints 0.473 liters cubic meters 35.315 cubic feet
quarts 0.946 liters cubic meters 1.308 cubic yards
(U.S., liquid)
gallons 3.785 liters
(U.S., liquid)
cubic feet 0.0283 cubic meters
cubic yards 0.764 cubic meters

Temperature Temperature

Fahrenheit (oF-32)*5/9 Centigrade Centigrade (OC*9/5)+32 Fahrenheit

Radioactivity Radioactivity

picocurie 37 millibecquerel millibecquerel 0.027 picocurie
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1.0 INTRODUCTION

This report presents an overview of the passive organic-vapor sampling that was performed
during the months of June and July 2006 in support of the 200-SW-2 Radioactive Landfills and
Dumps Group Operable Unit. This sampling was performed as a preliminary investigation
method for the Comprehensive Environmental Response, Compensation, and Liability Act
of 1980 (CERCLA) remedial investigation/feasibility study process associated with this operable
unit.

The purpose of this report is to provide an overview of the organic-vapor sampling process and
present a summary of the laboratory results. The data presented in this report will serve as the
basis for subsequent interpretation/evaluation. If warranted, the 200-SW-2 Operable Unit project
will recommend additional sampling that could enable an improved understanding of
potential/respective sources of liquid organics (if any) in the burial trenches and/or neighboring
soil. Table 1 lists the contaminants of potential concern targeted in this sampling process.

Table 1. Contaminants of Potential Concern.

Radioactive Constituents

Cesium-137 Europium-152

Cobalt-60 Europium-154

Chemical Constituents - Volatile Organics

1,1-dichloroethane (DCA) V Carbon tetrachloride V

1,1-dichloroethene V Chlorobenzene

1,1,1-trichloroethane (TCA) V Chloroform V

1,1,2-trichloroethane Cis- 1,2-dichloroethylene

1,1,2,2-tetrachloroethane Dichloromethane (methylene chloride)

1,2-dichlorobenzene Ethylbenzene

1,2-dichloroethane (DCA) V Naphthalene

1,3-dichlorobenzene n-butyl benzene

2,4-dinitrotoluene Tetrachloroethylene (PCE) /

2-butanone (methyl ethyl ketone/MEK) Toluene V

2-hexanone (methyl isobutyl ketone (MIBK) Trans-1,2-dichloroethylene

2-methylphenol (o-cresol) Trichloroethylene (TCE) V

4-methylphenol (p-cresol) Xylene /

Benzene / Butanol
V detected above 25 nanograms.

Sample results described in this report were collected from selected segments of burial trenches
in the 218-W-3, 218-W-3AE, 218-W-4B, 218-W-4C, and 218-W-5 Burial Grounds located in the
Hanford Site 200 West Area. See Appendix A, Figures A-1 through A-6, for the general
location of these burial grounds and for specific sampling locations within each burial ground.

The specific sampling locations were chosen based on detailed reviews of engineering drawings,
historical documents, and waste burial record information located in the Solid Waste Information

1
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and Tracking System (a Hanford Site database). Specific trench locations were sampled if the
historical records indicated a presence of liquid organic wastes or liquids that might be organic
(but that did not include enough information to conclude whether a liquid was or was not an
organic liquid). The rationale for selection of the specific sampling locations is more fully
described in (and driven by) the following two documents:

* D&D-27257, Data Quality Objectives Summary Reportfor Nonintrusive
Characterization of Bin 3A and Bin 3B Waste Sites in the 200-SW-2 Operable Unit,
April 2006 (DQO)

* D&D-28283, Sampling and Analysis Instruction for Nonintrusive Characterization of
Bin 3A and Bin 3B Waste Sites in the 200-SW-2 Operable Unit, May 2006 (SAI).

2.0 SAMPLING METHODOLOGY

Passive soil-vapor sampling was performed in late June and early July 2006. The passive soil-
vapor samples were collected on hydrophobic absorbent cartridges contained in glass vials.
In total, 168 sampling vials, including duplicate samples, were emplaced in the soil overlying
selected trench segments within the 218-W-3, 218-W-3AE, 218-W-4B, 218-W-4C, and 218-W-5
Burial Grounds. The vials and absorbent cartridges were retrieved from the soil after they had
remained in the ground for at least 72 hours. The dates and times of installation and removal
were recorded.

Initially, 148 specific locations were targeted for sampling. Additionally, one duplicate sample
was collected every 20 locations within a given burial ground, or at least one per burial ground
for those with less than 20 targeted locations. Two trip blanks also were collected for each batch
of samplers shipped to the laboratory. The vials containing the absorbent cartridges then were
shipped to the passive soil-vapor vendor's laboratory for analysis of volatile organic compounds
(VOC), using gas chromatography/mass spectrometry instrumentation. The data were received
from the vendor on July 19, 2006.

The passive soil-vapor sampling equipment vendor and laboratory was BEACON Environmental
Services, Inc., Bel Air, Maryland (BEACON). BEACON's passive soil-vapor sampling
technology is the EMFLUX* Passive Soil-Gas Sampling System (EMFLUX). The passive soil-
vapor sampling vials were deployed and retrieved following BEACON's protocols for the
EMFLUX system.

Each EMFLUX sampling vial is approximately 6.4 cm (2.5 in.) long, 1.5 cm (0.6 in.) in
diameter, and contains two absorbent cartridges. The vials provided by BEACON initially were
sealed with a solid white plastic cap (shipping cap). At each sampling location, the sampler
created a hole approximately 10.2 cm (4 in.) deep. The sampler then removed the shipping cap
from the vial and replaced it with a black plastic cap that had a hole covered by screen meshing
(sampling cap). The vial was placed in the hole with the sampling cap end facing down and was

* EMFLUX is a registered trademark of BEACON Environmental Services, Inc., Bel Air, Maryland.

2
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covered with soil. A wire (attached to the vial) extended above the soil surface for use during
retrieval of the vial. When the sampling vial was retrieved, the sampler replaced the sampling
cap with the shipping cap.

In accordance with the SAI, the sampling locations either were target/individual spots above a
single/known burial in a given trench or were placed at targeted locations within a specific
segment in a given trench. Survey coordinates were preestablished for each isolated sample
location and each location within a trench segment. Sample coordinates were established along
the centerline of a given trench; samples coordinates within a trench segment were established at
a distance not to exceed ~10 m (30 ft).

All of the vials were deployed during three field days over the course of a two-week period.
A sample location number was established and recorded for each sampling location. A unique
Hanford Environmental Information System (HEIS) database number was assigned to each
sampling vial during retrieval. The sample collection vials were required to remain in place for a
minimum of 72 hours before retrieval; actual emplacement times ranged from 165 to 282 hours.

The sampling positions were located in the field using a Global Positioning System with
submeter accuracy and were marked with small flags as an aid for sampler location during the
retrieval process. The Hanford Site coordinates later were converted to coordinates using
NAVD88, North American Vertical Datum of 1988, and the Washington State plane (south zone)
in NAD83, North American Datum of 1983, with the 1991 adjustment for horizontal coordinates.

3.0 ANALYTICAL RESULTS

One hydrophobic absorbent cartridge was analyzed from each sampling vial. Analysis began on
June 30, 2006, 16 days after the vials were retrieved from the burial ground, and was completed
on July 15, 2006. Each absorbent cartridge was thermally desorbed and then analyzed using gas
chromatography/mass spectrometry equipment in accordance with U.S. Environmental
Protection Agency Method 8260B from SW-846, Test Methods for Evaluating Solid Waste:
Physical/Chemical Methods, Third Edition; Final Update III-A, as amended. Each cartridge was
analyzed for the VOCs listed in Table 1.

The analytical results are provided in nanograms per cartridge. The practical quantitation limits
represent values above which BEACON believes that quantitative laboratory results can be
achieved within specified limits of precision and with a high degree of confidence. The practical
quantitation limits for all analytes is 25 nanograms (ng). All of the results have been entered into
the HEIS database.

The results of laboratory analyses are summarized in Appendix B, Table B-1. Data plots of the
detectable compounds are presented in Appendix C, Figures C-I through C-11.

3
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4.0 QUALITY CONTROL

Field quality control consisted of field duplicate samples and trip blank samples. Duplicate
EMFLUX collectors are defined as two individual samplers placed in the same sample collection
location (approximately 15 cm [6 in.] apart) and exposed to soil vapor over the same time
interval.

At least 5 percent of the total collected soil-vapor samples were duplicated (i.e., 1 field duplicate
was analyzed for every 20 samples or, at a minimum, 1 duplicate per burial ground). The
duplicate samples were designated during the field emplacement. The duplicate samples were
collected to evaluate variability of the sample collection and analytical methodology by
comparing two analyses of sample collection media exposed to nearly equivalent conditions.
For sample-duplicate pairs with detections of at least one VOC in the sample and duplicate, the
relative percent difference (RPD) can be calculated to evaluate whether the data meet the
required precision of 25 percent. Table 2 shows the results from the seven sample-duplicate
pairs.

The RPD can be calculated to evaluate whether the data meet the required precision of
25 percent. The RPD values presented in Table 2 were calculated using the equation:

RPD = * 100
(A A+ B/2)

where:

RPD = relative percent difference
A = sample analytical value
B = duplicate analytical value.

The RPD is more sensitive to differences in small values than to differences in larger values.
A hypothetical example would be a difference of 10 ng between the sample and the duplicate.
For values of 10 ng and 20 ng, the RPD is 67. For values of 1,000 and 1,010 ng, the RPD is 1.

For purposes of evaluating the sample-duplicate pairs with detections of a VOC in only the
sample or the duplicate, the non-detect results were considered to be equivalent to the practical
quantitation limit value of 25 ng. Using this methodology, the RPD calculations indicate that
38 percent (8 of 21 non-J-flagged results) of the duplicates met the required precision of
25 percent. BEACON, however, considers that a duplicate correspondence exists when the RPD
between the two samples is less than or equal to 100 percent. Based on this assumption, a
92 percent correlation exists between the measurements on the seven collocated pairs when a
compound was recorded on one or both of the paired samples.

4



Table 2. Sample Duplicates Relative Percent Difference. (2 Pages)

HEIS # B1JMD9 B1JMF0 Relative B1JMJO B1JMJ1 Relative
Location T46-A-2 T46-A-2-D Percent T29-B-2 T29-B-2D Percent

Unit ng ng Difference ng ng Difference

COMPOUNDS

1,1-Dichloroethene 186 381 69 22 J 50 78

Methyl-t-butyl Ether <25 <25 - 14 J <25

1,1-Dichloroethane 182 188 3 <25 <25 -

Chloroform <25 <25 - 33 17 J 64

1,1,1-Trichloroethane 1,204 1,352 12 294 193 41

Carbon Tetrachloride <25 <25 - 32 <25

Benzene 37 27 31 44 27 48

Trichloroethene <25 <25 11 J 19 J 53

Toluene 20 J <25 12J 13 J 8

Tetrachioroethene 61 17 J 113 426 277 42

HEIS # B1JMV8 B1JMV9 Relative B1JMX0 B1JMX1 Relative
Location T05-H-8 T05-H-8D Percent T05-G-5D T05-G-5 Percent

Unit ng ng Difference ng ng Difference

COMPOUNDS

1,1,2-Trichlorotrifluoroethane <25 <25 227 <25

Methyl-t-butyl Ether <25 <25 - <25 13 J

1,1,1-Trichloroethane 40 22 J 58 <25 <25 -

Benzene 26 <25 48 48 0

Trichloroethene <25 12 J <25 <25 -

Toluene <25 17 J 15J 11J 31

Tetrachloroethene 32 142 126 <25 <25 -

0
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Table 2. Sample Duplicates Relative Percent Difference. (2 Pages)

HEIS # B1JMK9 B1JMLO Relative B1JMM4 B1JMM5 Relative
Location T05-C-1 T05-C-1D Percent TS3-A-17 TS3-A-17D Percent

Difference Difference
Unit ng ng _______ng ng

COMPOUNDS

Chloroform 69 43 46 <25 <25

1,1,1-Trichloroethane 208 155 29 <25 37

Carbon Tetrachloride <25 <25 - <25 <25 -

Benzene 32 36 12 34 24 J 34

Trichloroethene 40 <25 <25 <25 -

Toluene 11J 18 J 48 13 J 12 J 8

Tetrachioroethene 1,123 616 58 <25 19 J

HEIS # B1JMY4 B1JMY5 Relative

Location T58-A-1 T58-A-1D Percent

Unit ng ng Difference

COMPOUNDS

1,1-Dichloroethene 24 J <25

1,1,1-Trichloroethane 88 37 82

Benzene 36 37 3

Toluene 11 J 20 J 58

Tetrachloroethene 79 57 32

The red highlights signify relative percent difference values calculated using the detection limit of 25 ng as an actual value. This only is performed on results where either
the sample or the duplicate had a reported value and the other was reported as non-detectable.

The yellow highlights signify that both the sample and the duplicate returned a value, but one or both of the values were J flagged as estimated values.
HEIS = Hanford Environmental Information System database.

0
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Typically, duplicate samples are performed by sampling a second set of cartridges from the same
sampler. However, for this project, duplicates were collected at separate locations that were
approximately 15 cm apart. Because of a potential for subtle differences in field conditions
(e.g., soil adsorption characteristics) between the primary sample and the duplicate sample, it is
recommended that, in addition to the spatial distinct duplicate samples, the extra set of cartridges
also should be run as a duplicate if this method is for similar/future applications. Each
EMFLUX collector has extra hydrophobic adsorbent cartridges that can be used to provide a
duplicate under conditions identical to those of the sample.

The purpose of collecting trip blanks was to check for possible contamination originating from
container preparation methods, shipment, handling, storage, or site conditions. All of the trip
blanks contained benzene, half of them contained toluene, one contained tetrachloroethylene, and
one contained 1,2,4-trimethylbenzene. When queried on this condition, BEACON subsequently
explained that benzene and toluene are known artifacts of polymeric adsorbents. They stated
that one of the adsorbent types used was from a lot that recently was received from the
manufacturer, and that it is BEACON's belief that the adsorbent was not thoroughly conditioned
to be free of benzene and toluene. They also stated that the preparation blank analyzed for this
project did not have any measurements of targeted compounds above 10 ng; however, 8.9 ng was
recorded on the preparation blank. BEACON's reply further stated that the low-level quantities
of benzene on the adsorbent would not have had any affect on the adsorption capacity for
collecting other organic contaminants present during the exposure period and that, except for
low-level measurements of benzene, toluene, 1,2,4-trimethylbenzene, and tetrachloroethene, the
sites are the source of compound measurements reported in this project.

4.1 RADIOLOGICAL FIELD SCREENING

A radiological control technician surveyed the field sampling locations for potential radioactive
contamination before the sampling vials were placed; this task was performed to minimize the
potential for the sampling vials to be contaminated. For the same reason, the technician also
surveyed the instrument used to create the 10.2 cm (4 in.) deep hole during sampling vial
placement. The radiological control technician surveyed the sampling vials during retrieval.
No radioactive contamination was detected on the sampling vials.

7
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5.0 SUMMARY AND RECOMMENDATIONS

The passive-sampling methodology described in this report is considered adequate for providing
qualitative data for trace quantities of VOCs that may be emanating from burial trenches, with
the following considerations.

* The sampling methodology may not reveal the existence of VOCs in all cases (e.g., if a
buried container know to contain VOCs has not yet breached).

* The sampling methodology should not be used to quantitatively measure plume profiles,
because variable adsorption characteristics of the soil could result in poor sample
representivity. Also, because different analytes have different volatility characteristics,
contaminant mobility most likely would not be quantitative.

* The passive-sampling technique is prone to contamination, and "false positives" may
result from accidental contamination through handling before and after sampling. The
benzene described in Figure C-6 is most probably an artifact of the sample media and not
of the sampling activity or location.

Following additional reviews of this report, and based on specific recommendations and
approvals/concurrences from Fluor Hanford, the U.S. Department of Energy, Richland
Operations Office, and the Washington State Department of Ecology, an addendum to the SAI
(D&D-28283) may be issued if additional passive organic-vapor sampling is warranted in the
200-SW-2 Operable Unit burial grounds.

8
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ATTACHMENT A

MAPS OF BURIAL GROUNDS AND SPECIFIC SAMPLING LOCATIONS

Figure A-1. General Area Map of Passive Organic-Vapor Sampling in the
200 West Area Burial Grounds.
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Figure A-2. Passive Organic-Vapor Sampling Locations in the 218-W-3A Burial Ground.
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Figure A-3. Passive Organic-Vapor Sampling Locations in the 218-W-3AE Burial Ground.
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Figure A-4. Passive Organic-Vapor Sampling Locations in the 218-W-4B Burial Ground.
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Figure A-5. Passive Organic-Vapor Sampling Locations in the 218-W-4C Burial Ground.
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Figure A-6. Passive Organic-Vapor Sampling Locations in the 218-W-5 Burial Ground.
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ATTACHMENT B

PASSIVE ORGANIC-VAPOR SAMPLING RESULT

Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (f Location Number Coordinate Coordinate Results

Trench 04

1,1,1-Trichloroethane 103

N44500/W77911 20 1 10 T04-A-1 B1JMMI 44500 77901 Benzene 36

N44500/W77911 Tetrachloroethene 1113

Trichloroethene 60

1,1,1-Trichloroethane 296

T04-B-1 B1JMMO 44500 77953 Benzene 65

N44500/W77939 Tetrachloroethene 431

N44500/W77982 43 2 14 1,1-Trichloroethane 152

218-W-3A T04 T04-B-2 B1JML9 44500 77968 1,1-Dichloroethene 91

Tetrachloroethene 480

1,1,1-Trichloroethane 375

1,1 -Dichloroethene 80
T04-C-1 B1JML8 44500 78052

Benzene 34

N44500/W78033 58 2 19 Tetrachloroethene 170
N44500/W78091I_____ _____

1,1,1-Trichloroethane 149

T04-C-2 B1JML7 44500 78072 Benzene 32

Tetrachloroethene 147

Trench 05

I I I 1 951,1,1 -Trichloroethane 218

218-W-3A T05 N44540/W77599 4 1 2 T05-A-1 BlJMK7 44540 77597 Benzene 33

Tetrachloroethene 76

0



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft Location Number Coordinate Coordinate Results

(ft)

N44540/W77657
N44540/W7766 I

4 T05-B-1 I BlJMK8 44540 77659

1,1,1 -Trichloroethane 544

1,1-Dichloroethane 1057

1,1-Dichloroethene 80

1,2-Dichloroethane 80

Benzene 37

Chloroform 160

Tetrachloroethene 570

1 1,1-Trichloroethane 208

Benzene 32

T05-C-1 BIJMK9 44540 77776 Chloroform 69

Tetrachloroethene 1123
N44540/W77772
N44540/W77780 8 1 4 Trichloroethene 40

1,1,1-Trichloroethane 155

Benzene 36
T05-C-1D BlJML0 44540 77776

Chloroform 43

Tetrachloroethene 616

N44540/W77806
N44540/W77921

115 4 23

T05-D-1 BlJML1 44540 77829

1,1,1 -Trichloroethane 56

Benzene 59

Tetrachloroethene 1262

Trichloroethene 27

B I 1 41,1,1-Trichloroethane 86
T05-D-2 B1JML2 44540 77852

_________ __________I I Tetrachloroethene 118

T05-D-3 BlJML3 44540 77875

1,1,1 -Trichloroethane 509

Benzene 51

0

21 8-W-3A T05

I

Tetrachloroethene 1025



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results

1,1,1-Trichloroethane 293

N44540/W77806 Benzene 29
N44540/W77921 T05-D-4 BIJML4 44540 77898

(cont) Chloroform 40

Tetrachloroethene 806

1,1,1-Trichloroethane 591

1,1-Dichloroethane 101
N44540/W77950 25 1 13 T05-E-1 BlJML5 44540 77962.5 l,1-Dichloroethene 163N44540/W77975

Chloroform 388

218-W-3A T05 Tetrachloroethene 328

1,1,1-Trichloroethane 11754

1,1-Dichloroethane 1171

1,1-Dichloroethene 2712

N44540/W77997 1 ,2-Dichloroethane 1980
N44540/W78035 38 1 13 T05-F-1 BlJML6 44540 78010
N44540/W78035 Benzene 72

Chloroform 9370

Tetrachloroethene 1250

Trichloroethene 89

Trench 12

1,1,1-Trichloroethane 191
N44820/W77260 25 1 13 T12-A-1 BIJMK6 44820 77272.5 l,1-Dichloroethene 51N44820/W77285

Tetrachloroethene 38

218-W-3A T12 1,1,1 -Trichloroethane 40

N44820/W77932 26 1 13 T12-B-I BIJMK5 44820 77945 Benzene 29

N44820/W77958 Tetrachloroethene 606

Toluene 29

0/

00



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results

1,1,1-Trichloroethane 148

Benzene 43
T12-C-1 BIJMK4 44820 77992

N44820/W77973 Tetrachloroethene 2495

218-W-3A T12 N44820/W78030 57Trichloroethene 40

Tetrachloroethene 639
T12-C-2 BIJMK3 44820 78011

Trichloroethene 29

Trench 19

1 1,1-Trichloroethane 754

1,1-Dichloroethane 39

218-W-3A T19 N45160/W77435 15 1 8 T19-A-1 BIJMK2 45160 -Dichloroethene 178

N45160/W77450 IBenzene 43

Tetrachloroethene 1593

Trichloroethene 50

Trench 20

1,1,1-Trichloroethane 534

1,1 -Dichloroethene 26
T20-A-1 BIJMK1 45200 77545

Benzene 26

218-W-3A T20 N45200/W77560 30 2 15 Tetrachloroethene 215

1,1,1-Trichloroethane 256

T20-A-2 BIJMK0 45200 77560 Benzene 46

Tetrachloroethene 199

r/0

00



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (f Location Number Coordinate Coordinate Results

Trench 22

1,1,1 -Trichloroethane 408

1,1-Dichloroethene 40

Benzene 60
T22-A-1 B1JMJ9 45280 77931

Chloroform 42

N45280/W77919 Tetrachloroethene 20457

N45280/W77954 Trichloroethene 342

1,1,1-Trichloroethane 167

Benzene 43
T22-A-2 B1JMJ8 45280 77942

Tetrachloroethene 10456

IIjTrichloroethene 223

Trench 24

1,1,1 -Trichloroethane 72

T24-A-1 B1JMJ4 45360 77445 Benzene 53

N45360/W77430 Tetrachloroethene 1353

14 N45360/W77460 31,1,1 -Trichloroethane 72

T24-A-2 B1JMJ5 45360 77460 Benzene 37

Tetrachloroethene 461

Trench 29

1,1,1-Trichloroethane 126

T29-A-1 BIJMH7 45560 77395.5 Benzene 53

N45560/W77384 Tetrachloroethene 68
218-W-3A T29 N56/747 23 2 12

N45560/W77407 1,1,1-Trichloroethane 105

T29-A-2 BIJMH8 45560 77408 Benzene 52

Tetrachloroethene 101

r/0

00



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results

1,1,1 -Trichloroethane 251

1,1-Dichloroethene 38

T29-B-1 BIJMH9 45560 77563 Benzene 38

Chloroform 37

Tetrachloroethene 350

1,1,1 -Trichloroethane 294

N45560/W77552 Benzene 44

N45560/W77584 T29-B-2 B1JMJ0 45560 77573 Carbon Tetrachloride 32

Chloroform 33

Tetrachloroethene 426

1,1,1-Trichloroethane 193

1,1 -Dichloroethene 50
T29-B-2D B1JMJl 45560 77573

Benzene 27

Tetrachloroethene 277

1,1,1 -Trichloroethane 382

N45560/W77626 1,1 -Dichloroethene 99
218-W-3A T29 N45560/W7766 35 2 12 T29-C-1 B1JMJ2 45560 77638

N45560/W77661 Benzene 31

Tetrachloroethene 222

N45560/W77626 1,1,1-Trichloroethane 295

218-W-3A T29 N45560/W77661 T29-C-2 B1JMJ3 45560 77649 l,1-Dichloroethene 63
(cont) 

Tetrachloroethene 131

Trench 31

I I I 1 401,1,1 -Trichloroethane 56

218-W-3A T31 N45640/W77440 42 2 14 T31-A-1 B1JMH3 45640 77454 Benzene 34

Tetrachloroethene 60

r/0

00



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results

N45640/W77440 1,1,1 -Trichloroethane 57

N45640/W77482 T31-A-2 BIJMH4 45640 77468 Benzene 39
(Jt 

Tetrachloroethene 144

1,1,1 -Trichloroethane 74

T31-B-1 BIJMH5 45640 77533 l,1-Dichloroethene 26

Tetrachloroethene 286
N45640/W775 19
N45640/W77562 43 2 14 1,1,1-Trichloroethane 590

Benzene 58
218-W-3A T31 T31-B-2 BIJMH6 45640 77548

Carbon Tetrachloride 29

Tetrachloroethene 819

1,1,1-Trichloroethane 247

T31-C-1 BIJMJ6 45640 78037 Benzene 47

N45640/W78022 Tetrachloroethene 51

N45640/W78052 2 1,1,1 -Trichloroethane 622

T31-C-2 B1JMJ7 45640 78052 Benzene 70

Tetrachloroethene 254

Trench 32

1 1,1-Trichloroethane 185

218-W-3A T32 N45680/W77639 28 1 14 T32-A-1 BlJMH2 45680 77625 Benzene 45

Tetrachloroethene 63

Trench 33

1 1 1 1 851,1,1 -Trichloroethane 511

T33 N45720/W77 16 1 8 T33-A-1 BlJMH1 45720 77893 Benzene 33

Tetrachloroethene 232

-1

0/

00



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results

1,1,1-Trichloroethane 270

1,1-Dichloroethane 80

N45720/W78000 1,1 -Dichloroethene 65
218-W-3A T33 N45720/W78024 24 1 12 T33-B-1 BIJMHO 45720 78012 B enzene 33

N4570/W7024Benzene 33

Chloroform 36

Tetrachloroethene 125

Trench 34

1 1,1-Trichloroethane 205

N45760/W780 17 [ 1,1 -Dichloroethene j 32
218-W-3A T34 N45760/W78041 24 1 12 T34-A-1 BlJMF9 45760 78029 B enzene 31

N4570/W7041Benzene 31

E _Tetrachloroethene 523

Trench 35

1,1,1 -Trichloroethane 251

1,2-Dichloroethane 25
N45800/W78020

218-W-3A T35 N45800/W78040 20 1 10 T35-A-1 BlJMF8 45800 78030 Benzene 29

Chloroform 225

Tetrachloroethene 742

Trench 41

I I I I l,1,1-Trichloroethane 179

218-W-3A T41 N46040/W77900 20 1 10 T41-A-1 BlJMF7 46040 77890 Benzene 35

Tetrachloroethene 83

00

0

00



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (f Location Number Coordinate Coordinate Results

Trench 44

1,1,1 -Trichloroethane 34
T44-A-1 BIJMD2 46160 77807

N46160/W77795 35 12 Benzene 25

N46160/W77830 35 2 12 1,1,1 -Trichloroethane 79
T44-A-2 BIJMD1 46160 77818

Tetrachloroethene 32
218-W-3A T44 __________

1,1,1 -Trichloroethane 72
T44-B-1 BIJMD4 46160 77862

N46160/W77845 50 7 Benzene 46

N46160/W77895 50 2 17 1,1,1 -Trichloroethane 40
T44-B-2 BIJMD3 46160 77878

Benzene 27

Trench 46

1,1,1-Trichloroethane 2828

1,1-Dichloroethane 553

T46-A-1 BIJMD8 46240 77438 l,1-Dichloroethene 490

Benzene 28

Tetrachloroethene 382

1,1,1-Trichloroethane 1204

N46240/W77425 1,1 -Dichloroethane 182

N46240/W77465 T46-A-2 BIJMD9 46240 77452 l,1-Dichloroethene 186

Benzene 37

Tetrachloroethene 61

1,1,1-Trichloroethane 1352

T46-A- 1,1 -Dichloroethane 188
2D B1JMFO 46240 77452

2D1,1 -Dichloroethene 381

Benzene 27

r/0

00



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results

1,1,1-Trichloroethane 230

N46240/W775 15 1,1 -Dichloroethene 58

N46240/W77540 25 1 13 T46-B-1 B1JMD7 46240 77527.5 B enzene 39
N4620/W7540Benzene 39

Tetrachloroethene 230

510

1,1-Dichloroethane 111

1,1 -Dichloroethene 41
218-W-3A T46

Benzene 39

N46240/W77863 40 Tetrachloroethene 27

N46240/W77903 02 1,1-Trichloroethane 259

1,1-Dichloroethane 90

T46-C-2 BIJMD6 46240 77890 1,1-Dichloroethene 117

Benzene 26

Tetrachloroethene 32

Trench 48

1,1,1 -Trichloroethane 31
T48-A-1 BlJMF1 46320 77143

N46320/W77120 90 2 23 Benzene 29

N46320/W77210 9022 ,1,1-Trichloroethane 147
218-W-3A T48 T48-A-3 B1JMF3 46320 77188

Benzene 27

N46320/W77770 20 1 10 T48-B-1 B1JMF6 46320 77760 Benzene 34

Trench 50

N46444/W77534 1 1 1 T50-1 BIJMF4 46444 775341,1,1 -TrichloroethaneF _ _ _ I _ _ _ I _ _ _ _ IBenzene I 29
218-W-3A T50 Benen 2

N46444/W77730 15 1 8 T50-A-1 B1JMF5 46444 77737.5 1,1,1 -Trichloroethane 79
N46444/W77745 1Benzene 25

0/

00



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (f Location Number Coordinate Coordinate Results

Trench S1

1,1,1-Trichloroethane 11693

1,1-Dichloroethane 4025

1,1-Dichloroethene 938

TS1-A-1 BIJMP3 44340 77582 Benzene 53

Chloroform 57

N44340/W77566 Tetrachloroethene 107
218-W-3A TS1 N44/763 47 2 16

N44340/W77613 Toluene 25

1,1,1-Trichloroethane 2025

1,1-Dichloroethane 684

TS1-A-2 BIJMP2 44340 77597 1,1-Dichloroethene 638

Chloroform 186
Tetrachloroethene 148

Trench S3

TS3-A-1 BlJMP1 44260 77571 Benzene 45

Benzene 33
TS3-A-2 BIJMP0 44260 77599

Tetrachloroethene 83

TS3-A-3 BlJMN9 44260 77626 Benzene 31

TS3-A-4 BlJMN8 44260 77653 Tetrachloroethene 192

N44260/W77544 Benzene 78
218-W-3A TS3 N44260/W78090 546 19 27 TS3-A-5 BIJMN7 44260 77653 enzene 13

N4420/W7090Tetrachloroethene 130

1,1,1 -Trichloroethane 32
TS3-A-6 BIJMN6 44260 77681

Benzene 57

TS3-A-7 B IJMN5 44260 77708 Tetrachloroethene 78

1,1,1 -Trichloroethane 26
TS3-A-8 BIJMN4 44260 77735

Tetrachloroethene 38

0/

00



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft Location Number Coordinate Coordinate Results

(ft)

N44260/W77544
N44260/W78090

(cont)

TS3-A-9 BIJMN3 44260 77762
Benzene

Tetrachloroethene

29
-F

47

1,1,1 -Trichloroethane 85
TS3-A-10 BIJMN2 44260 77790

Tetrachloroethene 142

1,1,1 -Trichloroethane 62

Benzene 42

TS3-A-11 BIJMN1 44260 77817 Carbon Tetrachloride 26

Chloroform 36

Tetrachloroethene 32

1,1,1 -Trichloroethane 68

Carbon Tetrachloride 149
TS3-A-12 BIJMNO 44260 77844

Chloroform 241

Tetrachloroethene 96

1,1,1 -Trichloroethane 27
TS3-A-13 BlJMM9 44260 77872

Benzene 28

1,1,1 -Trichloroethane 46

TS3-A-14 BlJMM8 44260 77899 Benzene 30

Tetrachloroethene 73

1,1,1 -Trichloroethane 80
TS3-A-15 BlJMM7 44260 77926

Benzene 32

1,1,1-Trichloroethane 100

1,1,2-Trichlorotrifluoroethane 412
TS3-A-16 BlJMM6 44260 77954

Benzene 42

Tetrachloroethene 40

TS3-A-17 BlJMM4 44260 77981 Benzene 34

TS3-A-
17D

218-W-3A TS3

r/0

Co

1, 1, 1-TrichloroethaneBlJMM5 44260 77981 37



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results

N44260/W77544 TS3-A-18 BlJMM3 44260 77988 Benzene 30

218-W-3A TS3 N44260/W78090 Tetrachloroethene 25

(cont) TS3-A-19 B1JMM2 44260 78015 Benzene 30

Trench S6

Benzene 28
TS6-A-1 BIJMP4 44140 77705

Tetrachloroethene 97

TS6-A-2 B lJMP5 44140 77724 Tetrachloroethene 72

N44140/W77686 Benzene 55
N44140/W77780 94 4 19 TS6-A-3 BIJMP6 44140 77742 enzene 11

N4410/W7780Tetrachloroethene 116

Benzene 61

TS6-A-4 BIJMP7 44140 77761 Chloroform 52

Tetrachloroethene 36

TS6-B-1 BJMP8 44140 77822 Tetrachloroethene 94

TS6-B-2 B1JMP9 44140 77843 Tetrachloroethene 58
218-W-3A TS6 N44140/W77800 10422enne3

N44140/W77908 TS6-B-3 BIJMRO 44140 77865

Tetrachloroethene 91

TS6-B-4 B1JMR1 44140 77886 Benzene 37

1,1,1 -Trichloroethane 34

TS6-C-1 BIJMR2 44140 78002 Chloroform 76

Tetrachloroethene 35
N44140/W77985
N44140/W78035 50 2 17 1,1,1 -Trichloroethane 45

Benzene 38
TS6-C-2 BIJMR3 44140 78018

Chloroform 61

Tetrachloroethene 26

(/0

00



Table B-1. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3A. (14 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (f Location Number Coordinate Coordinate Results

Trench S8

1,1,1-Trichloroethane 133

Benzene 25
TS8-A-1 BIJMR6 44060 77634

Tetrachloroethene 70070

218-W-3A TS8 N44060/W77618 47 2 16 Trichloroethene 608
N44060/W7766 __________

1,1,1 -Trichloroethane 58

TS8-A-2 BIJMR5 44060 77649 Benzene 28

Tetrachloroethene 706

Trench S9

1 1,1-Trichloroethane 164

1,1-Dichloroethane 134

N44020/W77699 Benzene 43
218-W-3A TS9 N44020/W77727 28 1 14 TS9-A-1 BIJMR4 44020 77713 B 43

N44020/W77727 Carbon Tetrachloride 1184

Chloroform 1200

Tetrachloroethene 295

HEIS = Hanford Environmental Information System database.

r/0

00



Table B-2. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3AE. (4 Pages)
Trench Sample HEIS Hanford Hanford

Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical
Number Length Samples (ft) Location Number Coordinate Coordinate Results

(ft)

Trench 05

N46186/W75885
N46186/W76120

N46186/W76460
N46186/W76720

235 7 26

260 9 26

T05-G-I1 B1JMX5 44020 77713
1,1,2-Trichlorotrifluoroethane

Benzene

13788

43

T05-G-2 B1JMX4 44020 77538 Benzene 36

1,1,2-Trichlorotrifluoroethane 482
T05-G-3 B1JMX3 44020 77362

Benzene 26

T05-G-5 B1JMX1 44020 77187 Benzene 48

T05-G- 1,1,2-Trichlorotrifluoroethane 227
B1JMXO 44020 77187

5D Benzene 48

T05-G-6 B1JMW9 44020 77011 Benzene 32

1,1,2-Trichlorotrifluoroethane 446

T05-G-7 BBJMW8 44020 768364
______________ I________I _________JBenzene 4

T05-G-8

T05-H-1

BIJMW7

BIJMW6

44020

46186

76660

76486

Benzene

Benzene

29

25

T05-H-2 B1JMW5 46186 76512 Benzene 26

T05-H-3 B1JMW4 46186 76538 1,1,1-Trichloroethane 33

T05-H-4 B1JMW3 46186 76564 Benzene 42

T05-H-5 B1JMW2 46186 76564 Benzene 50

T05-H-6 B1JMW 46186 76590 Tetrachloroethene 30

1,1,1 -Trichloroethane 31

T05-H-7 B1JMWO 46186 76616 Benzene 34

Tetrachloroethene 139

1,1,1 -Trichloroethane 40

T05-H-8 B1JMV8 46186 76642 Benzene 26

Tetrachloroethene 32

T05-H- B1JMV9 46186 76642 Tetrachloroethene 142
8D

218-W-3AE T05

(~0
C

ON
00

0

T05-H4-9 BIJMV7 46186 76668 Benzene 36



Table B-2. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3AE. (4 Pages)
Trench Sample HEIS Hanford Hanford

Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical
Number Length Samples (ft) Location Number Coordinate Coordinate Results

(ft)

Trench 08

1,1,1 -Trichloroethane 1894

1,1,2-Trichlorotrifluoroethane 1082

N46060/W76909 1,1 -Dichioroethane 63
218-W-3AE T08 N46060/W76913 4 1 2 T08-A-i B1JMV6 46060 76911 11-Dichioroethene 13N46060/W76913 1,J-Dichloroethene 123

Benzene 40

Tetrachloroethene 373

Trench 10

N45804/W75622
N45804/W76157

535 1 16 1 28

T1O-A-2 BIJMR8 45804 75678
1,2,4-Trimethylbenzene

Benzene

27

55

T10-A-3 B1JMR9 45804 75706 Benzene 54

T10-A-4 B1JMTO 45804 75735 Benzene 32

TI0-A-5 B1JMT1 45804 75735 Benzene 32

T1O-A-6 B1JMT2 45804 75763 Benzene 31

1,1,1 -Trichloroethane 50

T10-A-8 B1JMT4 45804 75819 1,1,2-Trichlorotrifluoroethane 797

Benzene 33

1,1,1 -Trichloroethane 54

T1O-A-9 B1JMT5 45804 75847 1,1,2-Trichlorotrifluoroethane 5870

Benzene 38

1,1,1 -Trichloroethane 87

1,1,2-Trichlorotrifluoroethane 2212
T1O-A-10 B1JMT6 45804 75875

Benzene 40

Tetrachloroethene 62

TIb-A-11 I B1JMT7 45804 75904

1,1,1 -Trichloroethane 29

1,1,2-Trichlorotrifluoroethane 793

Benzene 26

(~0
C

ON
00

0

21 8-W-3AE T10

Tetrachloroethene 30



Table B-2. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3AE. (4 Pages)
Trench Sample HEIS Hanford Hanford

Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical
Number Length Samples (ft) Location Number Coordinate Coordinate Results

(ft)

N45804/W75622
N45804/W76157

(cont)

T10-A-12 | B1JMT8 45804 75932

1,1,1 -Trichloroethane 622

1,1,2-Trichlorotrifluoroethane 8059

1,1-Dichloroethane 102

1,2-Dichloropropane 92

Benzene 88

Chloroform 58

Tetrachloroethene 51

TO-A-13 BJMT9 T584 10 1,1,1 -Trichloroethane F 42

1,1,2-Trichlorotrifluoroethane 5534

1, 1, 1-Trichloroethane 87

T1O-A-14 B1JMVO 45804 75988 1,1,2-Trichlorotrifluoroethane 6949

Benzene 35

1,1,1 -Trichloroethane 273

1,1,2-Trichlorotrifluoroethane 1813
T10-A-15 B1JMV1 45804 76016

1,1-Dichloroethene 169

Benzene 29

1,1,1 -Trichloroethane 85

1,1,2-Trichlorotrifluoroethane 794
T10-A-16 B1JMV2 45804 76044

1,1-Dichloroethene 27

Benzene 39

1,1,1 -Trichloroethane 118

1,1,2-Trichlorotrifluoroethane 1187
T10-A-17 B1JMV3 45804 76073

Tetrachloroethene 64

Trichloroethene 846

T1O-A-18 I B1JMV4 45804 76078

1,1,1 -Trichloroethane 70

1,1,2-Trichlorotrifluoroethane 423

Benzene 95

(~0
C

ON
00

0

w
-4

218-W-3AE T10

Trichloroethene 30



Table B-2. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-3AE. (4 Pages)
Trench Sample HEIS Hanford Hanford

Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical
Number Length Samples (ft) Location Number Coordinate Coordinate Results

(ft)

1,1,1 -Trichloroethane 21153

1,1-Dichloroethane 3386

N45804/W76627 1,1 -Dichloroethene 965

218-W-3AE 110 N45804/W76635 8 1 4 T0-B-i B1JMV5 45804 76631 Benzene 37

Tetrachloroethene 145911

Trichloroethene 483

HEIS = Hanford Environmental Information System database.

Table B-3. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-4B. (2 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results
(ft)

Trench 08

1,1,1 -Trichloroethane 1224

1,1-Dichloroethane 166

1,1-Dichloroethene 313

1,2-Dichloropropane 1402

218-W-4B T08 N40732/W77784 I I 1 T08-IA BIJXJ4 40732 77784 Benzene 54

Carbon Tetrachloride 87204

Chloroform 7220

Tetrachloroethene 230

Trichloroethene 387

00

0

00



Table B-3. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-4B. (2 Pages)

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results
(ft)

N40732/W77784
(cont)

T08-A-1 I B1JMYO 40723 77784

1,1,1 -Trichloroethane 778

1,1-Dichloroethene 315

1,2-Dichloropropane 1177

Benzene 26

Carbon Tetrachloride 70396

Chloroform 6762

Tetrachloroethene 110

Trichloroethene 284

Benzene 62
T08-A-2 B1JMY2 40732 77498

Carbon Tetrachloride 30

1,1,1 -Trichloroethane 720

1,1-Dichloroethane 73

1,1-Dichloroethene 82

1,2-Dichloropropane 486

T08-A-3 B1JMYl 40722 77725 Benzene 43

Carbon Tetrachloride 33091

Chloroform 3070

Tetrachloroethene 115

Trichloroethene 369

T08-A-4 I B1JMX9 40723 77796

1,1,1 -Trichloroethane 731

1,1-Dichloroethane 97

1,1-Dichloroethene 156

1,2-Dichloropropane 2096

Benzene 28

Carbon Tetrachloride 79082

Chloroform 5742

Tetrachloroethene 232

(~0
C

ON
00

0218-W-4B T08

Trichloroethene 351



Table B-4. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-4C.

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results
(ft)

Trench 19

Benzene 54

N39470/W77677 1 I 1 T19-A B1JXJ5 39470 77677 Chloroform 30

Toluene 25
218-W-4C T19

T19-B-1 BlJMY8 39470 77960 Benzene 36
N39470/W77939
N39470/W78024 85 3 21 T19-B-2 BlJMY7 39470 77982 Benzene 32

T19-B-3 BlJMY6 39470 78003 1,1,1-Trichloroethane 40

Trench 23

1,1,1-Trichloroethane 2003

N39310/W77928 3 1,1-Dichloroethane 53

218-W-4C 123 N91/761 33 1 11 T23-A-1 BlJMY9 39310 77939 11-ihootee7N39310/W77961 1,1-Dichloroethene 79

Benzene 35

Trench 58

1,1,1 -Trichloroethane 88

T58-A-1 BIJMY4 37910 77953 Benzene 36

N37910/W77950 6 1 3 Tetrachloroethene 79

N37910/W77956 1,1,1 -Trichloroethane 37
T58-A- BIJMY5 37910 77953 Benzene 37

218-W-4C T58 ID
Tetrachloroethene 57

1,1,1 -Trichloroethane 605

N37910/W77985 1,1-Dichloroethene 48

N37910/W77990 5 1 3 T58-B-1 BIJMY3 37910 77987.5 Benzene 54

Tetrachloroethene 30

HEIS = Hanford Environmental Information System database.

(~0
C

ON
00
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Table B-5. Passive Organic-Vapor Sampling Results For Burial Ground 218-W-5.

Trench Sample HEIS Hanford Hanford
Waste Site Trench Trench Segment Segment No. of Spacing Sample Sample Northing Westing Organic Compounds Analytical

Number Length Samples (ft) Location Number Coordinate Coordinate Results
(ft)

Trench 22

1,1,1-Trichloroethane 188

T22-A-1 B1JMX7 45520 78590 Benzene 47

Tetrachloroethene 78

1,1,1-Trichloroethane 1020

1,1-Dichloroethane 84

T22-A-2 B1JMX8 45520 78565 1,1-Dichloroethene 190

Benzene 37

218-W-5 T22 N45445/W78720 8 3 0 Tetrachloroethene 250
N45445/W78728

1,1,1-Trichloroethane 2310

1,1,2-Trichlorotrifluoroethane 410

1,1-Dichloroethane 159

T22-B-1 B1JMX6 45445 78724 1,1-Dichloroethene 470

Benzene 35

Tetrachloroethene 2621

Trichloroethene 49

HEIS = Hanford Environmental Information System database.

(~0
C

ON
00

0
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APPENDIX C

ORGANIC COMPOUNDS - DATA SUMMARY PLOTS
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Figure C-2. Toluene and 1,2,4-Trimethylbenzene.
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Figure C-3. Tetrachloroethene.
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Figure C-4. Chloroform.
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Figure C-5. Carbon Tetrachloride.
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Figure C-6. Benzene.
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Figure C-7. 1,2-Dichloropropane and 1,2-Dichloroethane.
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Figure C-8. 1,1-Dichloroethene.
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Figure C-9. 1,1-Dichloroethane.
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Figure C-10. 1,1,2-Trichlorotrifluoroethane.
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Analytical Results (ng.)
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Executive Summary

This report provides the results of passive soil-vapor sampling performed at the

200-SW-2 Operable Unit (OU) landfills in September 2009. Passive soil-vapor sampling

is a preliminary investigation method that was selected for the Comprehensive

Environmental Response, Compensation, and Liability Act of 1980 remedial

investigation/feasibility study (RI/FS) process. The results will be evaluated to determine

the need for further characterization of the 200-SW-2 OU landfills. The sampling

activities were performed in accordance with the sampling and analysis plan in

DOE/RL-2004-60, 200-SW-I Nonradioactive Landfills Group Operable Unit and

200-SW-2 Radioactive Landfills Group Operable Unit Remedial Investigation/Feasibility

Study Work Plan.

A phased approach is being taken in characterizing the 200-SW-2 landfills due to their

complexity. Initial work in 2004 included records research, nonintrusive sampling, and

waste site boundary definition. Phase I-A characterization performed in 2006 used

radiological surveys, surface geophysical investigations, and passive soil-vapor sampling.

Phase I-B is now ongoing and includes additional nonintrusive characterization.

Information from all the phases will be used to support risk assessments, refinement of

contaminant distribution models, and selection of a remedial alternative.

Passive soil-vapor sampling is used as a general indicator for the presence of volatile

organic compounds in the soil. The results can be used to focus intrusive sampling and

provide a list of expected contaminants. The locations selected for Phase I-B sampling

included:

* Around sites where elevated levels of organic vapors were previously detected during

Phase I-A characterization to further define the extent of contamination.

* Landfill areas that showed a strong metallic signature during earlier geophysical

investigations; these areas may contain drums or vessels possibly containing organic

liquids.

* Specific trenches that were used to dispose of certain "soft" waste forms, such as

personal protective equipment and rags that may have been used to sorb

organic liquids.

iii
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Passive soil-vapor samples were collected at 326 locations in 17 different burial grounds

in the 200 East and 200 West Areas of the Hanford Site. Planned sampling at 23 other

locations could not be performed due to conditions encountered in the field. The samples

were analyzed for the presence of volatile organic compounds by an off-site laboratory.

A total of 16 different compounds were identified at levels above the practical

quantitation limit (10 ng/sample). The compounds 1,1,1-trichloroethane and

tetrachloroethene were detected at low levels in nearly every sample collected at the

218-W-3A, 218-W-3AE, 218-W-4B, 218-W-4C, and 218-W-5 Burial Grounds. Elevated

levels of these compounds were found in several samples at the 218-W-3A and

218-W-3AE Burial Grounds. A few samples at the 218-W-4B Burial Ground contained

elevated levels of carbon tetrachloride. Lesser amounts of other compounds were also

frequently detected with 1,1 -dichloroethane, 1,1 -dichloroethene,

1,1,2-trichlorotrifluoroethane, and trichloroethene being common. The sample and data

quality generally met the requirements of DOE/RL-2004-60. The results of the passive

soil-vapor sampling and the data collected from the other Phase I-B and prior

characterization activities will next be evaluated together to develop a recommendation

for further characterization of the 200-SW-2 landfills.

iv
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1 Introduction

1.1 Purpose

This report provides the results of the passive soil-vapor sampling that was performed by the
CH2M HILL Plateau Remediation Company (CHPRC) Soil & Groundwater Remediation Project
(S&GRP) at the 200-SW-2 Operable Unit (OU) landfills in September 2009. The activities were
conducted in accordance with DOE/RL-2004-60, 200-SW-1 Nonradioactive Landfills Group Operable
Unit and 200-SW-2 Radioactive Landfills Group Operable Unit Remedial Investigation/Feasibility Study
Work Plan. Passive soil-vapor sampling is a preliminary investigation method for the Comprehensive
Environmental Response, Compensation, and Liability Act of1980 remedial investigation/feasibility
study (RI/FS) process. The results will be evaluated to determine the need for further characterization of
the 200-SW-2 OU landfills.

1.2 Phased Characterization Approach

The 200-SW-2 OU consists of 24 landfills located in the Hanford Site's 200 East and 200 West Areas.
Figures 1-1 and 1-2 show the locations of the landfills. The majority of the waste disposed of in the
200-SW-2 OU landfills originated from the large processing facilities located in the 200 East and
200 West Areas. Some wastes also originated from the 100 and 300 Areas, as well as from offsite
sources.

Investigation of the 200-SW-2 landfills began in 2004 with a comprehensive review of existing
documentation for the landfills. In 2005, collaborative negotiations were held with the regulators on the
scope of the data quality objectives (DQO) process to determine future characterization requirements.
A phased approach was agreed upon for characterizing the 200-SW-2 landfills due to their complexity.
The initial phase included additional records research, nonintrusive sampling, and waste site boundary
definition. Phase I-A field investigations were performed in mid-2006 using radiological surveys, surface
geophysical investigations, and passive soil-vapor sampling. A Phase I-B DQO process was then
performed to support development of the RI/FS work plan. The RI/FS work plan provides for additional
nonintrusive characterization, as well as intrusive characterization techniques. A regulatory path forward
is also presented in the RI/FS work plan for closure of the 200-SW-2 landfills. Additional DQO processes
may be held following completion of the Phase I-B field activities. These future-phased DQO processes
can further aid in characterizing the landfills. Information from all the characterization phases will be
used to support risk assessments, refinement of contaminant distribution models, and selection of a
remedial alternative.

1.3 Passive Soil-Vapor Sampling

Passive soil-vapor sampling is used as a general indicator for the presence of volatile organic compounds
(VOCs) in the soil. Passive soil-vapor sampling relies on diffusion of organic vapors from subsurface
sources and adsorption onto sample media. Performance may be affected by factors such as depth to
contaminant sources, concentration, diffusion rate, soil type and organic content, and detection limits of
analytical methods. Barometric pressure changes and weather events can also influence the results.
Passive soil-vapor sampling is considered a field screening method that provides an estimate of the
relative concentrations of contaminants in soil vapor. The data can be used to focus intrusive sampling
and provide a list of expected VOCs.

1-1
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Results of the previous Phase I-A sampling were reported in SGW-32683, Resultsfrom Passive
Organic- Vapor Sampling in Selected 200-SW-2 Operable Unit Landfills, June - July 2006. Samples were
collected from selected trenches in the 218-W-3A, 218-W-3AE, 218-W-4B, 218-W-4C, and 218-W-5
Burial Grounds. Specific locations were sampled if the historical records indicated a presence of either
liquid organic wastes or liquids that may be organic. Altogether, 13 different VOCs were detected with
one or more noted at 59 of the 151 total sample locations. VOCs which were detected at levels greater
than 100 ng/sample included 1,1 -dichloroethane; 1,1 -dichloroethene; 1,1,1 -trichloroethane;
1,1,2-trichlorotrifluoroethane; 1,2-dichloroethane; carbon tetrachloride; chloroform; and
tetrachloroethene.

A four-stage sampling design was developed for the detection of organic vapors in the
200-SW-2 landfills. The sampling and analysis plan (SAP) in the RI/FS Work Plan provides details.
Stage 1 passive soil-vapor sampling was performed during Phase I-A characterization. The remaining
Stages 2, 3, and 4 of passive soil-vapor sampling just completed were performed as part of Phase I-B
characterization activities.

* Stage 2 passive soil-vapor sampling was performed in the 218-W-3A, 218-W-3AE, 218-W-4B,
218-W-4C, and 218-W-5 Burial Grounds. During Phase I-A sampling data from some locations in
these burial grounds elevated levels of organic vapors. Additional sampling was needed at these
locations to better define the areas of high concentration. For the Phase I-B effort, 9 passive
soil-vapor samplers were placed approximately 9.1 m (30 ft) apart to ensure some overlap of
vapor detection.

* Stage 3 passive soil-vapor sampling was focused on those areas that showed a strong metallic
signature during earlier geophysical investigations. These areas have the potential to contain drums or
other vessels that may have held organic liquids. The number of samples per location varied
depending on the size and shape of the geophysical signature. Stage 3 sampling was performed at the
218-E-1, 218-E-2A, 218-E-5, 218-E-5A, 218-E-8, 218-E-12A, 218-W-1, 218-W-1A, 218-W-2,
218-W-2A, 218-W-3, and 218-W-1 1 Burial Grounds.

* Stage 4 passive soil-vapor sampling attempted to locate organic vapors associated with "soft" waste
forms, such as personal protective equipment and rags that may have been used to sorb organic
liquids. Sampling was performed in specific trenches of the 218-W-3 Burial Ground based on a
review of process history. That burial ground was used to dispose of waste from plutonium
processing, which used large quantities of carbon tetrachloride.

1.4 Related Work

Additional geophysical surveys were recently performed of selected 200-SW-2 landfills for Phase I-B
characterization. The landfills investigated were the 218-E-2, 218-E-4, 218-E-9, and 218-W-4A Burial
Grounds. Similar survey techniques as used before were selected because they are cost-effective and
nonintrusive. These techniques are capable of detecting ferrous and nonferrous metal objects at depths up
to 3 to 4 m (10 to 12 ft). Depending on the results of the geophysical surveys, additional passive
soil-vapor sampling in these burial grounds may be needed to investigate areas of potential
contamination. This sampling would be performed as a continuation of the Stage 3 passive soil-vapor
sampling just completed. A recommendation will be provided after the results of the geophysical surveys
are reported.

1-4
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2 Sampling Methodology

2.1 Sample Collection Planning

Survey coordinates for the planned sample locations are specified in the RI/FS Work Plan. These
coordinates were reviewed during the pre-job planning, prior to starting the field work. Some corrections
to the planned sample locations were determined to be needed. The changes were incorporated in the
work planning documents.

" The Stage 2 samples were to be located about sites where elevated levels of organic vapors were
previously detected. The Phase I-A sample points were originally measured in Hanford Site
coordinates and later converted to Washington State Plane coordinates. The RI/FS Work Plan
provides both Washington State Plane coordinates and Hanford Site coordinates for each sample
location. An error had been made earlier in converting the coordinates. The Washington State Plane
coordinates for the Stage 2 samples had to be recalculated and are reflected in this report.

* The Stage 3 samples were to be placed in areas which showed a metallic signature in geophysical
surveys. As a check, the Stage 3 sample locations in the RI/FS Work Plan were plotted in ArcGIS. 1

ArcGIS is a suite of geographic information system software products recently obtained by CHPRC.
The results of the earlier geophysical surveys were then imported. A visual comparison was made as
to whether the planned sample locations coincided with the locations of the metallic anomalies,
as intended. Several of the Stage 3 sample locations needed to be adjusted and are reflected in
this report.

* The Stage 4 sample locations in the RI/FS Work Plan were verified to be correct. There was a minor
error in numbering the sample points in the 218-W-3 Burial Ground figure. The corrections are
reflected in this report.

The burial grounds planned to be sampled for Stage 2 are operated by the CHPRC Waste & Fuels
Management Project (W&FMP). The Stage 3 and Stage 4 burial grounds to be sampled are operated are
operated by the Decommissioning & Demolition Project (D&D). Meetings were held with each project to
review the sample planning and coordinate the work with the facility schedules. Worker safety was of
paramount importance in the discussions. Certain areas of the burial grounds are designated as no-walk
zones due to the potential for subsidence. The field work plans were adjusted to require plywood be laid
on the ground when accessing these areas to provide a firm walking surface. Potential interferences due to
ongoing waste retrieval work (i.e., locations of open trenches and spoils piles) were also identified.

2.2 Positional Surveying of Sample Locations

The actual location of each sample was surveyed and recorded at the time of placement. Surveys were
performed in accordance with approved procedures. Survey data was measured in the North American
Vertical Datum of 1988 (NAVD88) and the Washington State Plane (South Zone) North American Datum
of 1983 (NAD83), with the 1991 adjustment for horizontal coordinates, and recorded in meters. Surveys
were performed using a Trimble 2 5800 global positioning system (GPS) receiver. Sample locations were
measured to ±5 cm, better than the ±1 m specified by the RI/FS Work Plan. A Survey Data Report was
prepared to document the sample locations.

1 ArcGIS is a registered trademark of Environmental Systems Research Institute, Inc., Redlands, California.
2 Trimble is a registered trademark of Trimble Navigation Limited, Sunnyvale, California.
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2.3 BESURE Passive Soil-Vapor Samplers
BESURE 3 passive soil-vapor samplers manufactured by Beacon Environmental Services, Inc. were used
to collect soil-vapor samples. Each BESURE sampler consists of a small glass vial which measures
6.4 cm (2.5 in.) long by 1.5 cm (0.6 in.) in diameter. The vial contains four sample cartridges (two sets)
with a hydrophobic, adsorbent medium used to collect soil-vapors. One set of sample cartridges is
analyzed, while the other set is retained as a backup or can be analyzed as a duplicate. The samplers are
unaffected by water vapor and can be used in a variety of site conditions. Typically, the samplers are
placed in a shallow hole in the soil. After a prescribed time, the samplers are retrieved and sent to the
manufacturer for analysis using standard analytical methods. The samples require no special preservation
or packaging requirements. The BESURE Sample Collection Kits (Figure 2-1) included the samplers,
tools for installing and retrieving the samplers, materials for packaging the samples for return shipment,
and instructions.

Figure 2-1. BESURE Sample Collection Kit

3 BESURE is a registered trademark of Beacon Environmental Services, Inc., Bel Air, Maryland.
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2.4 Sampler Deployment and Retrieval

Passive soil-vapor sampling was performed at the 200-SW-2 landfills in September 2009. The samplers
were deployed and retrieved in two batches over a four week period. The Stage 3 and Stage 4 samplers
were first deployed and retrieved in the burial grounds operated by the D&D Project. The Stage 2
samplers were then deployed and retrieved in the burial grounds operated by the W&FMP. Each
organization had different coordination requirements for accessing their burial grounds. Altogether,
samples were collected at 326 locations in 17 different burial grounds in the 200 East and 200 West Areas
of the Hanford Site. Duplicate samples and trip blanks were also collected. A break-out of the samples is
provided below.

Stage 2 Passive Soil- Vapor Sampling

215 Samples Analyzed

184 Sample Locations

11 Lab Duplicates

11 Field Duplicates

9 Trip Blanks

Stage 3 and Stage 4 Passive Soil- Vapor Sampling

180 Samples Analyzed

142 Sample Locations

15 Lab Duplicates

15 Field Duplicates

8 Trip Blanks

The sample vials as received were initially sealed with a solid white plastic shipping cap and the sample
cartridges inside. The sampling operator removed the shipping cap from the sample vial and replaced it
with a black plastic sampling cap. A hole in the sampling cap was fitted with a fine mesh screen to allow
soil-vapors to enter the sample vial without the sample cartridges physically contacting the surrounding
soil. At each location, the sampling operator created a hole by driving a metal stake into the ground
(Figure 2-2). The sampler was placed in the ground with the sampling cap end facing downward
(Figure 2-3). Soil was then pushed back over the sampler to refill the hole. A wire attached to the sample
vial extended above the soil surface for use during retrieval. A pin flag was stuck in the ground nearby to
mark the location (Figure 2-4). The time and date the sampler was deployed was recorded.

A portable handheld GPS unit was used during retrieval to find the samplers in the burial grounds. Each
sampler was pulled from the ground using the retrieval wire and checked for radioactive contamination.
The retrieval wire was then cut off and discarded. The sampling cap was removed and replaced by a
shipping cap. A sample label was applied to the outside of the vial. A unique Hanford Environmental
Information System (HEIS) database number was assigned to each sample vial during retrieval. The
sample vial was placed in an individual sampler bag, and a security seal was applied to the sampler bag.

2-3
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The sealed sampler bag was then placed in a larger return shipment bag with other samples. The date and
time the sample was collected was recorded. The samples were shipped overnight to the vendor's
laboratory for analysis.

Instructions were provided by the vendor for deploying and retrieving the samplers. Included were
directions for preparing the samplers, completing the sampling documents, and recommendations to avoid
contaminating the samples (i.e., use of ball-point pens and nitrile gloves, and minimize exposure of open
samples to air). These instructions were incorporated into the work planning documents and followed by
the field crew. Other common-sense steps taken in the field included not operating motor vehicles in the
immediate area and avoiding the use of insect repellent.

The metal stake used to create the hole for the samplers had a bail attached 15 cm (6 in.) from one end,
similar to a ski pole, to ensure the holes were uniform and the correct depth. Soil conditions in the
different burial grounds varied from dry loose sand to compacted sandy gravel. At times, the stake could
be pushed into the ground by hand. Other places, the soil was so rocky it was difficult driving it to the
proper depth. The nature of the soil also made it difficult to form a hole that would retain its shape long
enough to insert the sampler. Deionized water was lightly sprayed on the soil surface to provide some
adhesion. The use of deionized water was not thought to influence the results; nothing was seen in the
analytical results to indicate that it did.

The vendor recommended the samplers remain in place a minimum of 72 hours (three days) before
retrieving them. Typically, the samplers were retrieved five to eight days after being deployed.
No negative impact results when using longer emplacement times, based on information provided by
the manufacturer.

A radiological control technician was present throughout the sampler deployment and retrieval
operations. Repeated checks for radioactive contamination were made to ensure the samples could be
free-released for shipment to the off-site laboratory. All the burial grounds sampled are classified as
Underground Radioactive Material Areas. As the samplers were only being inserted to a shallow depth,
no contamination was expected. The soil surface at each planned sample location was first surveyed when
the samplers were being deployed. The metal stake used to form the hole was also surveyed after it was
removed from the ground. During retrieval, the samplers were surveyed as they were pulled out of the
ground (Figure 2-5). The entire outer surface of the sample vials were then smeared with a gauze pad,
which was also surveyed. Contamination was prevented from entering the sample vials by the fine mesh
screen over the hole in the sampling cap. No radioactive contamination was ever detected on any of
the samplers.

Sample collection information was entered into the Sample and Data Tracking (SDT) system no later than
24 hours after sample collection. SDT is a client-server computer system used to provide a planning,
scheduling, and tracking mechanism for analytical services.
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Figure 2-2. Driving the Metal Stake to Create a Hole for the Sampler

Figure 2-3. Inserting the Sampler in the Ground
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Figure 2-4. Pin Flag Used to Mark the Sampler Location

Figure 2-5. Surveying the Sampler for Radioactive Contamination
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3 Analytical Results

The Phase I-B passive soil-vapor samples were analyzed at the Beacon Environmental laboratory. The
results are provided in the appendixes and discussed below.

3.1 Analytical Results for Stage 2 Passive Soil-Vapor Samples

The Stage 2 samples were located about sites where significant amounts of organic vapors were
previously detected in Phase I-A sampling. The results from the latest round of sampling are provided in
Appendix A with maps showing the sample locations. For comparison, the results obtained earlier at each
location are also shown.

Generally the same compounds as before were detected at each location. There were a few additional
compounds detected this time, primarily at lower levels as the detection limit was less (10 ng/sample
versus 25 ng/sample previously). Benzene was detected earlier in nearly every sample and thought to be
an artifact of manufacturing the sample media; no benzene was detected in the latest sampling event.

A direct comparison of the amounts of VOCs detected this time to the amounts detected previously is not
appropriate. The field conditions were different and the design of the samplers has been improved.
Typically, where elevated levels of VOCs were detected before, then similar levels were seen again. Also
of interest is the variability in the results that occurred even between adjacent sample points separated by
as little as 9.1 m (30 ft). Two orders of magnitude difference in the results was not uncommon.

3.1.1 218-W-3A Burial Ground
This burial ground was the most extensively sampled with 135 total sample locations. The distribution of
sample results for the 218-W-3A Burial Ground is shown in Table 3-1. Elevated levels
(>1,000 ng/sample) of 1,1,1-trichloroethane and tetrachloroethene were detected at numerous locations.
Less frequent but still significant amounts of 1,1 -dichloroethane, 1,1 -dichloroethene, carbon tetrachloride,
and chloroform were also detected.

Table 3-1. Distribution of Sample Results for the 218-W-3A Burial Ground

Number of Samples
Maximum

10- 100 100 -500 500 - 1,000 1,000 - 5,000 > 5,000 Result
Compound (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample)

1,1-Dichloroethane 59 5 2 1 1 6,882

1,1-Dichloroethene 54 37 - 2 - 3,059

1,1,1-Trichloroethane 40 38 20 32 2 8,087

1,1,2-Trichlorotrifluoroethane 57 8 -- -- -- 436

1,2-Dichloroethane 1 -- 1 - - 703

1,2-Dichloropropane 1 1 -- - - 212

2-Butanone 5 -- -- - - 14

n-Butanol 1 -- -- - - 10
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Table 3-1. Distribution of Sample Results for the 218-W-3A Burial Ground

Number of Samples
Maximum

10- 100 100 -500 500 - 1,000 1,000 - 5,000 > 5,000 Result
Compound (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample)

Carbon tetrachloride 39 5 2 -- 2 16,557

Chloroform 50 7 2 3 1 5,013

Dichloromethane 6 -- -- -- -- 80

Tetrachloroethene 38 36 26 27 3 9,367

Trichloroethene 43 7 -- -- -- 447

Note: 135 total sample locations at the 218-W-3A Burial Ground.

3.1.2 218-W-3AE Burial Ground
The distribution of sample results for the 218-W-3AE Burial Ground is shown in Table 3-2. The
compounds 1,1,1 -trichloroethane and tetrachloroethene were detected at nearly every sample location in
the 218-W-3AE Burial Ground; elevated levels were detected at several of the locations. A few other
compounds were detected in lesser amounts. Carbon tetrachloride was not detected at any of the
locations.

Table 3-2. Distribution of Sample Results for the 218-W-3AE Burial Ground

Number of Samples
Maximum

10 - 100 100-500 500 - 1,000 1,000 - 5,000 > 5,000 Result
Compound (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample)

1,1-Dichloroethane 7 3 -- - - 138

1,1-Dichloroethene 19 2 -- - - 187

1,1,1-Trichloroethane 4 11 7 4 - 2,864

1,1,2-Trichlorotrifluoroethane 14 -- -- - - 46

2-Butanone 1 -- -- -- -- 11

Tetrachloroethene 5 8 3 6 5 21,685

Trichloroethene 8 1 2 -- -- 600

Note: 27 total sample locations at the 218-W-3AE Burial Ground.
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3.1.3 218-W-4B Burial Ground
The distribution of sample results for the 218-W-4B Burial Ground is shown in Table 3-3. Elevated levels
of carbon tetrachloride and chloroform were detected at a couple locations. The maximum amount of
carbon tetrachloride detected during this sampling campaign occurred here (26,138 ng/sample), this is
consistent with the results form Phase I-A. Small amounts of several other compounds were also detected.
Samples were collected at only four of the planned sample locations in this burial ground. The remaining
samples were deployed in the field, but were found to be missing when the sampling team returned to
collect them (see Section 4.2).

Table 3-3. Distribution of Sample Results for the 218-W-4B Burial Ground

Number of Samples
Maximum

10- 100 100-500 500 - 1,000 1,000 - 5,000 > 5,000 Result
Compound (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample)

1,1-Dichloroethane 2 -- -- -- -- 16

1,1-Dichloroethene 2 -- -- - - 50

1,1,1-Trichloroethane 2 2 -- - - 258

1,1,2-Trichlorotrifluoroethane 3 -- -- - - 31

1,2-Dichloropropane 2 -- -- - - 29

1,2,4-Trimethylbenzene 1 -- -- - - 29

Carbon tetrachloride -- - - 2 2 26,138

Chloroform -- 2 - 2 - 1,389

Tetrachloroethene 3 1 -- - - 147

Trichloroethene 3 -- -- - - 55

Note: 4 total sample locations at the 218-W-4B Burial Ground.

3.1.4 218-W-4C Burial Ground
The distribution of sample results for the 218-W-4C Burial Ground is shown in Table 3-4. Moderate
amounts of 1,1,1-trichloroethane were detected at two locations. Small amounts of a few other
compounds were also detected.
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Table 3-4. Distribution of Sample Results for the 218-W-4C Burial Ground

Number of Samples
Maximum

10 - 100 100-500 500 - 1,000 1,000 - 5,000 > 5,000 Result
Compound (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample)

1,1-Dichloroethane 1 - - - - 10

1,1-Dichloroethene 4 - - - - 90

1,1,1-Trichloroethane 2 4 - 2 - 1,764

1,1,2-Trichlorotrifluoroethane 2 -- -- - - 22

Carbon tetrachloride 4 -- -- - - 28

Tetrachloroethene 4 1 -- - - 102

Note: 9 total sample locations at the 218-W-4C Burial Ground.

3.1.5 218-W-5 Burial Ground
The distribution of sample results for the 218-W-5 Burial Ground is shown in Table 3-5. Moderate
amounts of 1,1 -dichloroethene, 1,1,1 -trichloroethane, and tetrachloroethene were detected in many of the
samples. Small amounts of a few other compounds were also detected.

Table 3-5. Distribution of Sample Results for the 218-W-5 Burial Ground

Number of Samples
Maximum

10- 100 100-500 500 - 1,000 1,000 - 5,000 > 5,000 Result
Compound (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample) (ng/sample)

1,1-Dichloroethane 6 -- -- - - 62

1,1-Dichloroethene 2 5 - 1 - 1,364

1,1,1-Trichloroethane 1 -- - 8 - 4,428

1,1,2-Trichlorotrifluoroethane 6 2 -- - - 203

Carbon tetrachloride 5 -- -- - - 16

Tetrachloroethene -- 6 1 2 - 1,329

Trichloroethene 3 -- -- - - 27

Note: 9 total sample locations at the 218-W-5 Burial Ground.
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3.2 Analytical Results for Stage 3 Passive Soil-Vapor Samples

The Stage 3 samples were placed in areas which showed a metallic signature in previous geophysical
surveys, and have the potential to contain drums or vessels that may have held organic liquids. The results
are provided in Appendix B with maps showing the sample locations. Many of the burial grounds showed
little or no indication of organic vapors (i.e., 218-E-1, 218-E-2A, 218-E-5, 218-E-5A, 218-E-8,
218-E-12A, 218-W-1, 218-W-2, 218-W-1A, and 218-W-1 1). The few compounds detected were all at
low levels (< 100 ng/sample) and included 1,1,1-trichloroethane (1 location),
1,1,2-trichlorotrifluoroethane (1 location), 2-butanone (3 locations), naphthalene (1 location), and toluene
(3 locations). Tetrachloroethene was more widespread at the 218-W-2A Burial Ground with a maximum
of 159 ng/sample detected. Several samples from the 218-W-3 Burial Ground tested for carbon
tetrachloride (123 ng/sample maximum) and chloroform (164 ng/sample maximum), with lesser amounts
of tetrachloroethene.

3.3 Analytical Results for Stage 4 Passive Soil-Vapor Samples

The Stage 4 samplers were placed at locations in the 218-W-3 Burial Ground where "soft" waste forms,
such as personal protective equipment and rags that may have been used to sorb organic liquids, were
thought to have been disposed. The results are provided in Appendix C with maps showing the sample
locations. Low levels (< 100 ng/sample) of carbon tetrachloride, chloroform, and tetrachloroethene were
detected at numerous locations. Only one site showed possibly significant amounts; sample point 27
registered carbon tetrachloride at 1,368 ng/sample and chloroform at 125 ng/sample.
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4 Sample and Data Quality

4.1 Quality Objectives and Criteria

Quality control guidelines and quantitative target limits are specified in the RI/FS Work Plan. Their
purpose is to ensure the data collection activities provide data of known and appropriate quality. The
guidelines are dictated by the intended use of the data and the analytical method. Data quality may be
assessed by evaluating the data collection activities and results against these indicators.

4.1.1 Contaminants of Potential Concern
The DQO process typically includes development of a list of contaminants of potential concern (COPC)
based on contaminants that may be present. Exclusion rationale is then applied to arrive at a final list. The
list of COPCs and their preliminary action levels are used to establish analytical requirements. As
Phase I-B characterization is focused on nonintrusive techniques for the purpose of field screening, the
standard COPC development process was not employed.

Draft A of the RI/FS Work Plan identified a list of COPCs based on a review of 200 Area plant
operations that may have discharged contaminants to the 200-SW-I and 200-SW-2 waste sites. The list
was eliminated in Revision 0 and replaced by guidance to simply include as COPCs those VOCs that are
readily detectable by passive soil-vapor sampling.

The COPCs for Phase I-B are listed in Table 4-1. The list is largely the same as what was previously
indentified in the Draft A RI/FS Work Plan. Three additional compounds (1,1,2-trichlorotrifluoroethane,
1,2-dichloropropane, and 1,2,4-trimethylbenzene), which were not on the original list but were detected in
the phase I-A sampling, were included. The list of VOCs to be investigated later in Phase II will not be
limited by the results from the passive soil-vapor sampling, but will be established through the standard
DQO process.

Table 4-1. Contaminants of Potential Concern

CAS No. Compound CAS No. Compound

75-34-3 1,1-Dichloroethane (DCA) / 95-48-7 2-Methylphenol (o-cresol)

75-35-4 1,1-Dichloroethene V 106-44-5 4-Methylphenol (m-, p-cresol)

71-55-6 1,1,1-Trichloroethane (TCA) / 71-43-2 Benzene

79-00-5 1,1,2-Trichloroethane 71-36-3 n-Butanol V

76-13-1 1,1,2-Trichlorotrifluoroethane (Freon 113) V 104-51-8 n-Butylbenzene

79-34-5 1,1,2,2-Tetrachloroethane 56-23-5 Carbon tetrachloride V

95-50-1 1,2-Dichlorobenzene 108-90-7 Chlorobenzene

107-06-2 1,2-Dichloroethane (DCA) / 67-66-3 Chloroform V

156-59-2 cis-1,2-Dichloroethene 75-09-2 Dichloromethane (methylene chloride) V
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Table 4-1. Contaminants of Potential Concern

CAS No. Compound CAS No. Compound

156-60-5 trans- 1,2-Dichloroethene 100-41-4 Ethylbenzene

78-87-5 1,2-Dichloropropane / 91-20-3 Naphthalene V

95-63-6 1,2,4-Trimethylbenzene V 127-18-4 Tetrachloroethene (PCE) /

541-73-1 1,3-Dichlorobenzene 108-88-3 Toluene V

121-14-2 2,4-Dinitrotoluene 79-01-6 Trichloroethene (TCE) V

78-93-3 2-Butanone (methyl ethyl ketone/MEK) V 108-38-3 m-, p-Xylene

591-78-6 2-Hexanone (methyl isobutyl ketone/MIBK) 95-47-6 o-Xylene

V = Compound was detected in Phase I-B passive soil-vapor samples.

CAS = Chemical Abstracts Service

4.1.2 Analytical Performance Requirements
The RI/FS Work Plan specifies analytical performance requirements for laboratory analysis of the passive
soil-vapor samples. The requirements are summarized in Table 4-2.

Table 4-2. Analytical Performance Requirements

Analytical Target Holding
Parameter Method Detection Limit Precision Accuracy Time

Volatile organic Passive soil-vapor samples 10 ng/sample 25% 70-130% 14 - 28 days
compounds (BESURE), EPA Method

8260B

Notes: Values for precision and accuracy were transposed in the RI/FS Work Plan and have been corrected.

EPA Method 8260B uses gas chromatography/mass spectrometry and is found in SW-846, Test Methods for
Evaluating Solid Waste, Physical/Chemical Methods, Third Edition, Final Update IV-B.

4.2 Sampling Method

The instructions provided by the vendor for deploying and retrieving the samplers were included in the
work package for the sampling activity. The work package was reviewed with the sampling team before
starting the field work. A sign-off sheet in the work package was used to track who had received the
training. As work progressed, new people assigned to the team were required to review and sign the work
package before starting work.
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The vendor instructions for deploying and retrieving the samplers were closely followed by the sampling
team. The samplers were all installed in a similar manner. The samplers were allowed to remain in the
ground for five to seven days before they were retrieved. Care was taken in handling so as to not
contaminate the samples.

Changes in the planned sample locations from the RI/FS Work Plan that were known in advance were
incorporated into the sample planning without impact. Most of the samples were collected as planned.
Occasionally, the field conditions were such that a few sample locations had to be adjusted or were
eliminated altogether. Table 4-3 lists all the field changes and the reason for each. Surface obstructions
(e.g., spoils piles, areas of radioactive contamination) were avoided if possible by moving the samples a
few meters away (Figure 4-1). Some samples were also located close to or in the midst of ongoing waste
retrieval activities (Figure 4-2). In the 218-W-3A Burial Ground, nearby work caused the nine Stage 2
samples planned for Trench 19 to be eliminated, as some of the samples were located in an open trench
and other samples were located atop a spoils pile. A large area of radioactive contamination also in the
218-W-3A Burial Ground prevented nine Stage 2 samples planned for Trench 46 from being deployed
(Figure 4-3). In the 218-W-4B Burial Ground, five of the samples placed in Trench 8 were later found to
be missing due to recent retrieval operations activity in the area. It is unfortunate these latter samples were
not collected as other nearby samples showed elevated levels of VOCs were present in the area.
Altogether, samples were not collected from 23 of the 349 planned sample locations.

Figure 4-1. Sampling Near a Spoils Pile at the 218-W-3AE Burial Ground
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Figure 4-2. Sampling Near Ongoing Waste Retrieval Work at the 218-W-3A Burial Ground

11

Figure 4-3. Radioactive Contamination Area at the 218-W-3A Burial Ground that Prevented Sampling

4-4



Table 4-3. Field Changes in Passive Soil-Vapor Sampling

Burial Sample
Ground Point Sample Location Field Change Reason for Change Comments

Field Changes for Stage 2 Passive Soil-Vapor Sampling

218-W-3A 3 137119/566121 Sample point moved -2m east. Original sample point Minor change in sample
Trench 12 (137120/566119) was moved location. This sample and

to avoid a barrier rope and T nearby samples showed
posts. moderate levels of VOCs.

Moderate levels of VOCs were
also detected here in 2006.

218-W-3A 3g 137119/566128 Sample point moved -1m south. Original sample point Minor change in sample
Trench 12 (137120/566128) was moved location. This sample and

to avoid a barrier rope and T nearby samples showed
posts. moderate levels of VOCs.

Moderate levels of VOCs were
also detected here in 2006.

218-W-3A 3h 137119/566137 Sample point moved -1m south. Original sample point Minor change in sample
Trench 12 (137120/566137) was moved location. This sample and

to avoid a barrier rope and T nearby samples showed
posts. moderate levels of VOCs.

Moderate levels of VOCs were
also detected here in 2006.

218-W-3A 4, 4a, 4b, 137224/566286 Samples not collected. Waste retrieval work was Moderate levels of VOCs were
Trench 19 4c, 4d, 4e, ongoing in this area (Trench detected here 2006.

4f, 4g, 4h 17). Sample points 4a and 4b
were located on a spoils pile;
sample points 4c and 4d were
located within an open trench;
sample points 4, 4e, 4f, 4g,
and 4h were located in a
high-use road.

01
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Table 4-3. Field Changes in Passive Soil-Vapor Sampling

Burial Sample
Ground Point Sample Location Field Change Reason for Change Comments

218-W-3A 5c 137254/566137 Sample point moved -3m north. Original sample point This sample and nearby
Trench 22 (137251/566137) was located samples showed moderate

on a spoils pile. levels of VOCs. Moderate
levels of VOCs were also
detected here in 2006.

218-W-3A 5d 137242/566144 Sample point moved -7m east. Original sample point This sample and nearby
Trench 22 (137242/566137) was located samples showed moderate

on a spoils pile. levels of VOCs. Moderate
levels of VOCs were also
detected here in 2006.

218-W-3A 12, 12a, 137553/566287 Samples not collected. Entire sample array was Moderate levels of VOCs were
Trench 46 12b, 12c, located in a contamination detected here in 2006.

12d, 12e, area.
12f, 12g,
12h

218-W-4B 1, 1 c, 1 e, 135874/566185 Samples not collected. Waste retrieval work was Nearby samples showed
Trench 8 1g, 1h ongoing in this area (Trench 7). moderate to significant levels

Samplers were deployed at of VOCs. Significant levels of
these points as planned and VOCs were also detected here
later found to be missing. in 2006. Soil vapor extraction

was performed nearby to
support waste retrieval.

218-W-4B la 135894/566185 Sample point moved -11m north. Original sample point This sample and nearby
Trench 8 (135883/566185) was located samples showed moderate to

in a contamination area. significant levels of VOCs.
Significant levels of VOCs
were also detected here in
2006. Soil vapor extraction was
performed nearby to support
waste retrieval.
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Table 4-3. Field Changes in Passive Soil-Vapor Sampling

Burial Sample
Ground Point Sample Location Field Change Reason for Change Comments

218-W-4B lb 135902/566185 Sample point moved -10m north. Original sample point This sample and nearby
Trench 8 (135892/566185) was located samples showed moderate to

in a contamination area. significant levels of VOCs.
Significant levels of VOCs
were also detected here in
2006. Soil vapor extraction was
performed nearby to support
waste retrieval.

218-W-4B 1d 135848/566188 Sample point moved -8m south. Original sample point This sample and nearby
Trench 8 (135856/566186) was located samples showed moderate to

in a road. significant levels of VOCs.
Significant levels of VOCs
were also detected here in
2006. Soil vapor extraction was
performed nearby to support
waste retrieval.

Field Changes for Stage 3 Passive Soil-Vapor Sampling

218-E-5 12 137125/573418 Sample point moved -3m south. Original sample point This sample and nearby
(137128/573418) was located samples showed little or no
near an electrical box that may levels of VOCs.
create a preferential pathway
for soil vapors.

Field Changes for Stage 4 Passive Soil-Vapor Sampling

218-W-3 54 136834/566248 Sample point moved -7m west. Original sample point This sample and nearby
(136833/566255) was located samples showed little or no
in a road and outside the burial levels of VOCs.
ground.

Note: Sample locations are Washington State Plane coordinates and shown as Northing/Easting in meters.
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4.3 Sample Handling and Custody

A S&GRP administrative procedure provides guidelines and requirements for documenting chain of
custody for environmental samples. Chain of custody records document all phases of sample handling
from collection, storage, shipment, analysis, and disposal. Deviations from established protocols are also
noted on the chain of custody forms. The chain of custody records remain with the samples from the
point of sample collection, through receipt by the analytical laboratory, and ending with disposal of
the samples.

The chain of custody forms for the passive soil-vapor samples provide evidence of sample custody
immediately following sample collection, during temporary sample storage, and during shipment to the
analytical laboratory. Copies of the completed chain of custody forms were transmitted to the S&GRP
Sample Management and Recording group to be managed as records.

The samples may be retained by the laboratory for confirmatory or duplicate analysis using the second set
of adsorbent cartridges in each sampler. Holding time studies have demonstrated the samples can be held
more than 28 days without demonstrated loss. The samples are then reconditioned for re-use if they meet
quality control standards.

The vendor's laboratory is maintained in a safe and secure manner at all times. The facility is locked
when it is unoccupied and monitored for fire and unauthorized access. All visitors are escorted while
inside the facility.

4.4 Sample Preservation, Containers, and Transportation

A label was affixed to the outside of each sample vial with the sample number and the date and time the
sample was collected. The sample vials were packaged individually in the sampler bags provided by the
vendor and sealed with security tape. Up to 40 samples were then placed in a larger return shipment bag
with an absorbent pack. The samples required no other special preservation or handling other than room
temperature and atmospheric pressure. The return shipment bags and the remainder of the sample
collection kit supplies were packaged in their original boxes and shipped overnight to the laboratory.

4.5 Sample Analysis

The vendor submitted copies of their laboratory quality assurance program plan and analytical procedure
for the passive soil-vapor samples. Both documents were reviewed by S&GRP Sample Management and
Reporting and Operations Assurance and determined to be acceptable.

4.5.1 Analytical Method
The passive soil-vapor samples were analyzed at the Beacon Environmental laboratory After thermal
desorption, gas chromatography/mass spectrometry (GC/MS) was performed by the Environmental
Protection Agency (EPA) Method 8260 in accordancewith the RI/FS Work Plan. All the COPCs listed in
Table 4-1 were analyzed for except 2,4-dinitrotoluene. The vendor explained that 2,4-dinitrotoluene could
not be targeted because it is reactive, and does not resolve on the column used to target the other
compounds in this investigation. The basis for including 2,4-dinitrotoluene as a COPC was reviewed.
This compound is not likely to be present in the burial grounds and can be deleted from the COPC list.

The list of COPCs originated in the Draft A RI/FS Work Plan. One of the source documents (also a draft)
identified 2,4-dinitrotoluene as a COPC. That document was later superseded and the replacement
document no longer included 2,4-dinitrotoluene. As Revision 0 of the RI/FS Work Plan did not specify a
list of COPCs, the earlier list was carried forward to Phase I-B.
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Hanford Site laboratory personnel could not recall 2,4-dinitrotoluene having been used as a process or
working solvent in any of the chemical processes on site. The compound is produced in large volumes for
mainly ammunition works but finds little use in other industries. It is commonly included in analytical test
mixtures for semi-volatile organic analysis by the EPA Method 8270. Perhaps for that reason it had been
included earlier as an analyte in such tests designed for environmental analysis. A search of the HEIS
database found only one positive detect for 2,4-dinitrotoluene. It was for a solid sample from the
384 Underground Fuel Bunker Site in 2002 and was "J" flagged as an estimate. All other samples were
non-detects for this compound. To summarize, there was likely no impact in not analyzing the passive
soil-vapor samples for 2,4-dinitrotoluene.

4.5.2 Detection Limits
All the sample analyses met the 10 ng/sample target detection limit as required by the RI/FS Work Plan.
Results of the vendor's most recent method detection limit study were provided separately.

4.5.3 Holding Times
The samples were typically analyzed within a few days of being received at the laboratory. Total elapsed
time from retrieval to analysis was a maximum of seven days for the samples, satisfying the 14 days
holding time required by the RI/FS Work Plan.

4.5.4 Laboratory Quality Control
The RI/FS Work Plan requires the collection of duplicate samples and trip blanks. The laboratory also ran
method blanks, laboratory control standards, and checks for initial and continuing calibration in
accordance with the vendor's quality assurance program plan.

4.5.4.1 Duplicate Samples
Collection of field duplicates is required by the RI/FS Work Plan. Field duplicates are defined as
independent samples collected as close as possible to the primary sample at the same time, taken from the
same source, stored in separate containers, and analyzed independently. One field duplicate sample was to
be collected every 20 locations (i.e., 5 percent) within a given burial ground, or at least one per burial
ground for those with fewer than 20 targeted locations. The sample point selected for the field duplicate
was randomly chosen at each burial ground. For consistency, the field duplicate was always placed
approximately 15 cm (6 in.) to the west of the primary sample.

The design of the BESURE samplers provided an additional opportunity to collect duplicate samples.
Each sampler contains two sets of adsorbent cartridges. Typically, the vendor would analyze one set of
cartridges per sampler. The second set of cartridges could be analyzed as a duplicate sample. This would
provide an added measure of the inherent variability in the results. Wherever a field duplicate was
collected, the second set of cartridges in the primary sample was also analyzed. In the results tables, these
are referred to as lab duplicates and were evaluated the same as field duplicates.

The actual frequency at which duplicate samples were collected is shown in Table 4-4. The RI/FS Work
Plan criteria were satisfied at all the burial grounds with one exception. At the 218-W-3A Burial Ground,
samples could not be collected at Trenches 19 and 46 due to conditions encountered in the field (see
Section 4.2). Duplicate samples were planned to be collected at both locations (sample points 4b and
12a in Table A-1). Six sets of duplicates were still managed at the 218-W-3A Burial Ground, which is a
fair representation.
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Table 4-4. Frequency of Duplicate Sample Collection

RI/FS Work Plan Criteria

Sample Lab Field 2 5% per 2 1 per
Burial Ground Locations Duplicates Duplicates Burial Ground? Burial Ground?

218-W-3A 135 6 6 N Y

218-W-3AE 27 2 2 Y Y

218-W-4B 4 1 1 Y Y

218-W-4C 9 1 1 Y Y

218-W-5 9 1 1 Y Y

218-E-1 5 1 1 Y Y

218-E-2A 1 1 1 Y Y

218-E-5 10 1 1 Y Y

218-E-5A 2 1 1 Y Y

218-E-8 2 1 1 Y Y

218-E-12A 10 1 1 Y Y

218-W-1 4 1 1 Y Y

218-W-2 4 1 1 Y Y

218-W-1A 13 1 1 Y Y

218-W-2A 19 1 1 Y Y

218-W-3 68 4 4 Y Y

218-W-11 4 1 1 Y Y

Totals 326 26 26 -- --

The RI/FS Work Plan requires an analytical precision of 25 percent for passive soil-vapor samples used
for field screening. The required precision applies to VOC detections that are at least five times the
detection limit. For duplicate samples with detection of at least one common VOC in both samples, the
relative percent difference (RPD) was calculated for each pair of results according to the formula:

RPD =(C 1 - C2 ) x 100

(C1 + C2 )/2

where:

C1 = the larger of the two observed values
C2 = the smaller of the two observed values
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For purposes of evaluating sample-duplicate pairs with detection of a VOC in only the sample or the
duplicate, the nondetect results were considered to be equivalent to the detection limit (10 ng/sample).
Using this methodology, an assessment of the duplicate samples and calculation of the RPDs is provided
in Table 4-5. Only the instances where either the sample or duplicate result was an actual value are
shown; many of the results were nondetects for both the sample and duplicates.

Although the RI/FS Work Plan requirement for analytical precision was generally not satisfied by either
the lab duplicates or field duplicates, the results for the samples and duplicates were comparable and of
similar magnitude, and suitable for the purpose of field screening. Passive soil-vapor sampling is subject
to many variables. Consistent sampling methods and standardized laboratory processes can lend some
reproducibility to the results. Other factors are beyond control. For example, the results can be influenced
even by how the cartridges settle in the sample vials. Some spread in the values is anticipated. Beacon
uses an RPD of 100 percent as their criteria for evaluating duplicate passive soil-vapor samples. Using the
manufacturer's criteria, 84 percent of the sample/lab duplicate pairs and 71 percent of the sample/field
duplicate pairs met the criteria. The data user needs to recognize that the results are imprecise and only
indicate gross differences.

Table 4-5. Comparison of Duplicate Samples

Analytical Result (ng/sample)

Burial Sample Primary Lab Field
Ground Point Compounds Detected Sample Duplicate Duplicate RPDLab RPDFieId

Duplicates for Stage 2 Passive Soil-Vapor Sampling

1,1,1-Trichloroethane 50 36 67 33% 29%

1c 2-Butanone <10 <10 14 N/A N/A

Tetrachloroethene 180 106 149 52% 19%

1,1-Dichloroethene 28 42 30 N/A N/A

6c 1,1,1-Trichloroethane 93 386 225 122% 83%

Tetrachloroethene 38 30 38 N/A N/A

1,1-Dichloroethane 29 48 15 N/A N/A
218-W-3A

1,1-Dichloroethene 112 135 78 19% 36%

1,1,1-Trichloroethane 664 1,607 3,111 83% 130%

1,1,2-Trichlorotrifluoroethane <10 24 58 N/A 141%
8c

Carbon tetrachloride 90 257 682 96% 153%

Chloroform 32 86 48 92% N/A

Tetrachloroethene 275 432 233 44% 17%

Trichloroethene 11 11 <10 N/A N/A
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Table 4-5. Comparison of Duplicate Samples

Analytical Result (ng/sample)

Burial Sample Primary Lab Field
Ground Point Compounds Detected Sample Duplicate Duplicate RPDLab RPDField

1,1-Dichloroethane 45 51 11 13% N/A

1,1-Dichloroethene 115 104 59 10% 64%

1,1,1-Trichloroethane 1,186 642 326 60% 114%

11g 1,1,2-Trichlorotrifluoroethane 141 80 57 55% 85%

Chloroform 56 31 <10 57% 139%

Tetrachloroethene 2,685 3,899 1,981 37% 30%

Trichloroethene 16 188 27 169% N/A

1,1,1-Trichloroethane 12 <10 13 N/A N/A
218-W-3A 16c

Tetrachloroethene 188 203 182 8% 3%

1,1-Dichloroethane 226 183 47 21% 131%

1,1-Dichloroethene 35 27 10 N/A N/A

1,1,1-Trichloroethane 113 93 86 19% 27%

17 Carbon tetrachloride 807 636 790 24% 2%

Chloroform 677 520 199 26% 109%

Dichloromethane 24 41 <10 N/A N/A

Tetrachloroethene 185 141 120 27% 43%

1,1-Dichloroethene <10 37 46 N/A N/A

1,1,1-Trichloroethane 106 204 75 63% 34%
218-W-3AE 2e

1,1,2-Trichlorotrifluoroethane <10 16 15 N/A N/A

Tetrachloroethene 269 219 96 20% 95%

1,1-Dichloroethane 31 31 14 N/A N/A

1,1-Dichloroethene 80 98 59 20% 30%

1,1,1-Trichloroethane 1,287 314 826 122% 44%
218-W-3AE 3e

1,1,2-Trichlorotrifluoroethane 17 <10 <10 N/A N/A

Tetrachloroethene 7,297 5,228 8,365 33% 14%

Trichloroethene 59 245 53 122% 11%

1,1,1-Trichloroethane 73 85 23 15% 104%

1,1,2-Trichlorotrifluoroethane 20 22 <10 N/A N/A

218-W-4B 1d 1,2,4-Trimethylbenzene 27 29 11 N/A N/A

Carbon tetrachloride 1,024 1,732 177 51% 141%

Chloroform 293 305 153 4% 63%
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Table 4-5. Comparison of Duplicate Samples

Analytical Result (ng/sample)

Burial Sample Primary Lab Field
Ground Point Compounds Detected Sample Duplicate Duplicate RPDLab RPDField

Tetrachloroethene 26 46 16 N/A N/A

Trichloroethene 20 37 14 N/A N/A

1,1-Dichloroethane 10 <10 <10 N/A N/A

1,1-Dichloroethene 90 87 68 3% 28%

218-W-4C le 1,1,1-Trichloroethane 319 1,357 359 124% 12%

Carbon tetrachloride <10 28 <10 N/A N/A

Tetrachloroethene 11 <10 <10 N/A N/A

1,1-Dichloroethene 54 306 17 140% 104%

1,1,1-Trichloroethane 1,367 1,546 1,377 12% 1%
218-W-5 1

1,1,2-Trichlorotrifluoroethane 48 88 71 59% 39%

Tetrachloroethene 441 228 131 64% 108%

Duplicates for Stage 3 Passive Soil-Vapor Sampling

218-E-1 3 2-Butanone 11 12 13 N/A N/A

2-Butanone 11 <10 <10 N/A N/A
218-E-8 1

Tetrachloroethene 22 34 14 N/A N/A

218-W-2A 4 Toluene <10 <10 11 N/A N/A

218-W-3 2 Tetrachloroethene <10 <10 13 N/A N/A

218-W-11 2 Tetrachloroethene 20 19 <10 N/A N/A

Duplicates for Stage 4 Passive Soil-Vapor Sampling

218-W-3 5 Tetrachloroethene <10 <10 12 N/A N/A

Carbon tetrachloride 805 1368 298 52% 92%

218-W-3 27 Chloroform 117 69 125 52% 7%

Tetrachloroethene 18 18 23 N/A N/A

RPDLab = Relative percent difference between the primary sample and lab duplicate.

RPDField = Relative percent difference between the primary sample and field duplicate.

N/A = Not applicable; sample and duplicate result are both less than 5 times the detection limit (10 ng/sample).
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4.5.4.2 Trip Blanks
Trip blanks were analyzed as a check of system cleanliness. The trip blanks were sample cartridges
prepared, transported, and analyzed with the other samples but were intentionally not exposed to field
conditions. Nine trip blanks were analyzed with the samples collected for Stage 2 from the Waste & Fuels
Management burial grounds. Eight trip blanks were analyzed with the samples collected for Stage 3 and
Stage 4 from the Decommissioning & Demolition burial grounds. Results for the trip blanks are provided
in Table 4-6. No targeted compounds were detected at greater than 10 ng/sample in any of the trip blanks.

Table 4-6. Results for Trip Blanks

Analytical
Trip HEIS Compounds Result

Blank Sample No. Date Analyzed Detected (ng/sample)

Trip Blanks for Stage 2 Passive Soil-Vapor Sampling

1 B226J6 10/4/2009 -- --

2 B226P3 10/4/2009 -- --

3 B226W4 10/5/2009 -- --

4 B22706 10/6/2009 -- --

5 B22746 10/6/2009 -- --

6 B22787 10/7/2009 -- --

7 B22798 10/7/2009 -- --

8 B22799 10/7/2009 -- --

9 B227B0 10/7/2009 -- --

Trip Blanks for Stage 3 and Stage 4 Passive Soil-Vapor Sampling

1 B21VJ1 9/19/2009 -- --

2 B21VL1 9/20/2009 -- --

3 B21WO1 9/20/2009 -- --

4 B21WO2 9/21/2009 -- --

5 B21W28 9/21/2009 -- --

6 B21W29 9/18/2009 -- --

7 B21W30 9/20/2009 -- --

8 B21W31 9/21/2009 -- --
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4.5.4.3 Method Blanks
Method blanks were analyzed by the laboratory at a minimum rate of one per 20 samples. No targeted
compounds were detected at greater than 10 ng/sample in any of the method blanks.

4.5.4.4 Calibration Verification
An initial six-point calibration was performed on the analytical instrumentation from 5 ng to 200 ng per
analyte, except for n-butanol, which had an initial five-point calibration from 10 ng to 200 ng. Passive
soil-vapor data that exceeds 200 ng is normally not flagged for exceeding the calibration rage because the
objective of the survey is to screen the site and report masses measured of target compounds and not
concentrations.

Continuing calibration checks were performed by the vendor at a minimum rate of one per 20 samples.
Copies of the results were included in the vendor's report. The continuing calibration values for the
analytes were all within ± 20 percent of the true value as defined by the initial calibration and met the
requirements specified in the vendor's quality assurance program plan.

The RI/FS Work Plan requires an accuracy of 70 - 130 percent for passive soil-vapor samples used for
field screening. The calibration results were all satisfactory in this respect.

4.5.4.5 Laboratory Control Standards
Laboratory control samples were spiked at 50 ng for each target analyte from a second source standard
and were analyzed at a minimum rate of one per 20 samples. The percent recoveries for the compounds
were all within the acceptance quality control limits of 80 percent to 120 percent Actual values ranged
from 86.0 percent to 111.2 percent.

4.6 Data Review, Verification, and Validation

Analytical data packages for the passive soil-vapor samples were received from the laboratory and
processed by the S&GRP Sample Management and Reporting group. An administrative review of the
data packages was first performed for the following:

* HEIS sample numbers assigned to the sample delivery group were correct.

* Requested analyses were performed.

* Case narrative was reviewed for any completeness problems noted by the laboratory.

* Checked for sample issue resolution, request for data review, or problem and discrepancy report
documentation (if applicable).

* All associated chain of custody forms was attached.

A more detailed technical verification was then performed on the data packages. The sample receipt
documentation and analytical data were reviewed, the narrative was checked for consistency, and the
quality control data was verified to be within specified limits. Overall, the data packages were determined
to be complete and correct, and to conform to the contractual requirements.

The data packages were received both as hard copies and electronically. The electronic data will be
downloaded into the HEIS database. The accuracy of the electronic data will be verified by comparing the
information in HEIS to the hard copy.
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Data validation is an independent assessment to ensure that the reliability of the data is known by the
user. Data validation was not required for the passive soil-vapor samples per the RI/FS Work Plan.

4.7 Data Management

Hard copies of the data packages are temporarily maintained by the S&GRP Sample Management and
Reporting group during processing. Copies of the data packages will be transmitted to the Administrative
Record and the Records Holding Area/Managed Records area of IDMS. An electronic link to the sample
results in IDMS was provided to all the intended recipients listed in the Sampling Authorization Form.

4.8 Instrument/Equipment Testing, Inspection, and Maintenance

Requirements for testing, inspection, and maintenance of the laboratory systems are provided in the
vendor's quality assurance program plan. Internal quality control checks are conducted at prescribed
frequencies during sample analysis. A formal calibration program is in place for all instruments and
equipment that measure a quantity or whose performance is expected at a stated level. Preventive
maintenance is performed on sensitive equipment in accordance with established procedures. Periodic
audits are conducted of the laboratory systems and procedures affecting data quality. General laboratory
controls have been implemented, such as for the use of logbooks to record laboratory activities and the
purchase of analytical standards only from registered and accredited suppliers.

4.9 Summary of Sample and Data Quality

The sample and data quality was analyzed to identify any quality assurance/quality control deficiencies.
The conclusion is that the data are generally of sufficient quality and quantity for use in field screening.
Completeness of the data was a concern, particularly the 23 samples (of 349 total), which could not be
collected at the 218-W-3A and 218-W-4B Burial Grounds. The need to resample these areas will be
reviewed and considered in future characterization efforts.
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Appendix A

Analytical Results for Stage 2 Passive Soil-Vapor Samples
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (4) 218-W-3A (4) 218-W-3A (4) 218-W-3A (4) 218-W-3A (4)

Sample Point (Same as 1) 1 la lb 1c

Sample Locationa 137022/566147 137022/566147 137031/566147 137041/566147 137013/566147

HEIS Sample No. B1JMM1 B22729 B22728 B22727 B22733

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 2006 10/6/2009 10/6/2009 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10

1,1-Dichloroethene 22 <10 <10 <10

1,1,1-Trichloroethane 103 329 72 145 50

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 19 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotoluene - - - -

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene 36 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 <10 69 <10

Chlorobenzene <10 <10 <10 <10

Chloroform <10 <10 22 <10

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 1,113 261 188 579 180

Toluene <10 <10 <10 <10

Trichloroethene 60 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (4) 218-W-3A (4) 218-W-3A (4) 218-W-3A (4) 218-W-3A (4)

Sample Point 1c Lab Dup 1c Field Dup 1d le if

Sample Locationa 137013/566147 137013/566147 137004/566147 137022/566138 137022/566129

HEIS Sample No. B22734 B22732 B22735 B22726 B22725

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/6/2009 10/6/2009 10/6/2009 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 13

1,1-Dichloroethene <10 <10 <10 65 36

1,1,1-Trichloroethane 36 67 30 412 364

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 14 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 15

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 106 149 86 205 448

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (4) 218-W-3A (4) 218-W-3A (5) 218-W-3A (5) 218-W-3A (5)

Sample Point 1g 1h (Same as 2) 2 2a

Sample Locationa 137022/566156 137022/566165 137034/566114 137034/566114 137044/566114

HEIS Sample No. B22730 B22731 B1JML6 B22722 B22717

Date Deployed 9/23/2009 9/23/2009 9/24/2009 9/24/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/6/2009 10/6/2009 2006 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 1,171 768 80

1,1-Dichloroethene <10 10 2,712 3,059 429

1,1,1-Trichloroethane 55 59 11,754 8,087 1,565

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 19

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 1,980 703 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 72 <10 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 <10 19 <10

Chlorobenzene <10 <10 <10 <10

Chloroform <10 <10 9,370 5,013 1,068

Dichloromethane <10 <10 80 11

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 167 432 1,250 1,113 2,370

Toluene <10 <10 <10 <10

Trichloroethene <10 102 89 62 24

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (5) 218-W-3A (5) 218-W-3A (5) 218-W-3A (5) 218-W-3A (5)

Sample Point 2b 2c 2d 2e 2f

Sample Locationa 137053/566114 137025/566114 137016/566114 137034/566105 137034/566095

HEIS Sample No. B22716 B22721 B22720 B22719 B22718

Date Deployed 9/24/2009 9/24/2009 9/24/2009 9/24/2009 9/24/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/6/2009 10/6/2009 10/6/2009 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 19 <10 68 <10

1,1-Dichloroethene 13 46 16 257 <10

1,1,1-Trichloroethane 138 511 366 1,142 62

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 43 103 <10 133 28

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 2,158 276 446 1,511 443

Toluene <10 <10 <10 <10 <10

Trichloroethene 11 <10 <10 147 10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (5) 218-W-3A (5) 218-W-3A (12) 218-W-3A (12) 218-W-3A (12)

Sample Point 2g 2h (Same as 3) 3 3a

Sample Locationa 137034/566123 137034/566132 137120/566119 137119/566121 137129/566119

HEIS Sample No. B22723 B22724 B1JMK4 B22711 B22708

Date Deployed 9/24/2009 9/24/2009 9/23/2009 9/23/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/6/2009 10/6/2009 2006 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 296 25 <10 <10

1,1-Dichloroethene 1,839 131 <10 <10

1,1,1-Trichloroethane 4,205 441 148 14 41

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 13 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane 32 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 43 <10 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10

Chloroform 1,517 127 <10 <10

Dichloromethane 10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 424 554 2,495 442 702

Toluene <10 <10 <10 <10

Trichloroethene 90 12 40 29 15

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (12) 218-W-3A (12) 218-W-3A (12) 218-W-3A (12) 218-W-3A (12)

Sample Point 3b 3c 3d 3e 3f

Sample Locationa 137138/566119 137111/566119 137101/566119 137120/566110 137120/566101

HEIS Sample No. B22707 B22714 B22715 B22709 B22710

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/6/2009 10/6/2009 10/6/2009 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 13 <10 <10 <10

1,1,1-Trichloroethane 64 52 27 57 48

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 212 48 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone 12 <10 <10 13 12

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 17 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 26 45 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 137 1,522 523 1,153 822

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 62 23 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (12) 218-W-3A (12) 218-W-3A (19) 218-W-3A (19) 218-W-3A (19)

Sample Point 3g 3h (Same as 4) 40 4a'

Sample Locationa 137119/566128 137119/566137 137224/566286 137224/566286 137233/566286

HEIS Sample No. B22712 B22713 B1JMK2 -- --

Date Deployed 9/23/2009 9/23/2009 -- --

Date Retrieved 9/30/2009 9/30/2009 -- --

Date Analyzed 10/6/2009 10/6/2009 2006 -- --

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 39 -- --

1,1-Dichloroethene <10 <10 178 -- --

1,1,1-Trichloroethane 68 157 754 -- --

1,1,2-Trichloroethane <10 <10 -- --

1,1,2-Trichlorotrifluoroethane <10 <10 -- --

1,1,2,2-Tetrachloroethane <10 <10 -- --

1,2-Dichlorobenzene <10 <10 -- --

1,2-Dichloroethane <10 <10 -- --

cis-1,2-Dichloroethene <10 <10 -- --

trans-1,2-Dichloroethene <10 <10 -- --

1,2-Dichloropropane <10 <10 -- --

1,2,4-Trimethylbenzene <10 <10 -- --

1,3-Dichlorobenzene <10 <10 -- --

2,4-Dinitrotoluene - --

2-Butanone <10 <10 - -

2-Hexanone <10 <10 - -

2-Methylphenol <10 <10 - -

4-Methylphenol <10 <10 - -

Benzene <10 <10 43 - -

n-Butanol <10 <10 - -

n-Butylbenzene <10 <10 - -

Carbon tetrachloride <10 <10 - -

Chlorobenzene <10 <10 - -

Chloroform <10 <10 - -

Dichloromethane <10 <10 - -

Ethylbenzene <10 <10 - -

Naphthalene <10 <10 - -

Tetrachloroethene 560 1,456 1,593 - -

Toluene <10 <10 - -

Trichloroethene <10 <10 50 - -

m-, p-Xylene <10 <10 - -

o-Xylene <10 <10 - -
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (19) 218-W-3A (19) 218-W-3A (19) 218-W-3A (19) 218-W-3A (19)

Sample Point 4b' 4b Lab Dup0  4b Field Dupc 4c' 4d'

Sample Locationa 137242/566286 137242/566286 137242/566286 137215/566286 137206/566286

HEIS Sample No. -- -- -- -- --

Date Deployed -- -- -- -- --

Date Retrieved -- -- -- -- --

Date Analyzed -- -- -- -- --

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane -- -- -- -- --

1,1-Dichloroethene -- -- -- -- --

1,1,1-Trichloroethane -- -- -- -- --

1,1,2-Trichloroethane

1,1,2-Trichlorotrifluoroethane -- -- -- -- --

1,1,2,2-Tetrachloroethane -- -- -- -- --

1,2-Dichlorobenzene -- -- -- -- --

1,2-Dichloroethane -- -- -- -- --

cis-1,2-Dichloroethene -- -- -- -- --

trans-1,2-Dichloroethene --

1,2-Dichloropropane -- -- -- -- --

1,2,4-Trimethylbenzene -- -- -- -- --

1,3-Dichlorobenzene -- -- -- -- --

2,4-Dinitrotoluene -

2-Butanone - - - - -

2-Hexanone - - - - -

2-Methylphenol - - - - -

4-Methylphenol - - - - -

Benzene - - - - -

n-Butanol - - - - -

n-Butylbenzene - - - - -

Carbon tetrachloride - - - - -

Chlorobenzene - - - - -

Chloroform - - - - -

Dichloromethane - - - - -

Ethylbenzene - - - - -

Naphthalene - - - - -

Tetrachloroethene - - - - -

Toluene - - - - -

Trichloroethene - - - - -

m-, p-Xylene - - - - -

o-Xylene - - - - -
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (19) 218-W-3A (19) 218-W-3A (19) 218-W-3A (19) 218-W-3A (22)

Sample Point 4e' 4f 4g 4h' (Same as 5)

Sample Locationa 137224/566277 137224/566268 137224/566295 137224/566304 137260/566137

HEIS Sample No. -- -- -- -- B1JMJ9

Date Deployed -- -- -- --

Date Retrieved -- -- -- --

Date Analyzed -- -- -- -- 2006

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane -- -- -- --

1,1-Dichloroethene -- -- -- -- 40

1,1,1-Trichloroethane -- -- -- -- 408

1,1,2-Trichloroethane

1,1,2-Trichlorotrifluoroethane -- -- -- --

1,1,2,2-Tetrachloroethane -- -- -- --

1,2-Dichlorobenzene -- -- -- --

1,2-Dichloroethane -- -- -- --

cis-1,2-Dichloroethene -- -- -- --

trans-1,2-Dichloroethene --

1,2-Dichloropropane -- -- -- --

1,2,4-Trimethylbenzene -- -- -- --

1,3-Dichlorobenzene -- -- -- --

2,4-Dinitrotoluene -

2-Butanone - - - -

2-Hexanone - - - -

2-Methylphenol - - - -

4-Methylphenol - - - -

Benzene - - - - 60

n-Butanol - - - -

n-Butylbenzene - - - -

Carbon tetrachloride - - - -

Chlorobenzene - - - -

Chloroform - - - - 42

Dichloromethane - - - -

Ethylbenzene - - - -

Naphthalene - - - -

Tetrachloroethene - - - - 20,457

Toluene - - - -

Trichloroethene - - - - 342

m-, p-Xylene - - - -

o-Xylene - - - -
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (22) 218-W-3A (22) 218-W-3A (22) 218-W-3A (22) 218-W-3A (22)

Sample Point 5 5a 5b 5c 5d

Sample Locationa 137260/566137 137269/566137 137278/566137 137254/566137 137242/566144

HEIS Sample No. B226V9 B226W2 B226W3 B226V6 B226V5

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/5/2009 10/5/2009 10/5/2009 10/5/2009 10/5/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 15 <10 <10 11 23

1,1-Dichloroethene 117 <10 62 48 101

1,1,1-Trichloroethane 401 347 381 275 850

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 13 <10 <10 43 12

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 28 <10 <10 20 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 5,701 737 2,118 3,316 699

Toluene <10 <10 <10 <10 <10

Trichloroethene 113 17 22 66 13

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (22) 218-W-3A (22) 218-W-3A (22) 218-W-3A (22) 218-W-3A (24)

Sample Point 5e 5f Sg 5h (Same as 6)

Sample Locationa 137260/566128 137260/566119 137260/566146 137260/566155 137285/566285

HEIS Sample No. B226V8 B226V7 B226W0 B226W1 B1JMJ4

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/5/2009 10/5/2009 10/5/2009 10/5/2009 2006

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10

1,1-Dichloroethene 39 66 32 20

1,1,1-Trichloroethane 876 236 1,048 1,679 72

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 26 36 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 <10 <10 53

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride 50 <10 27 29

Chlorobenzene <10 <10 <10 <10

Chloroform 40 <10 20 13

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 3,567 1,079 5,556 1,497 1,353

Toluene <10 <10 <10 <10

Trichloroethene 42 34 297 36

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (24) 218-W-3A (24) 218-W-3A (24) 218-W-3A (24) 218-W-3A (24)

Sample Point 6 6a 6b 6c 6c Lab Dup

Sample Locationa 137285/566285 137294/566285 137303/566285 137276/566285 137276/566285

HEIS Sample No. B226P6 B226R1 B226R2 B226P8 B226P9

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 10/4/2009 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 25 37 39 <10 <10

1,1-Dichloroethene 188 107 113 28 42

1,1,1-Trichloroethane 705 850 332 93 386

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 156 102 95 38 30

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 14 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (24) 218-W-3A (24) 218-W-3A (24) 218-W-3A (24) 218-W-3A (24)

Sample Point 6c Field Dup 6d 6e 6f 6g

Sample Locationa 137276/566285 137266/566285 137285/566276 137285/566267 137285/566294

HEIS Sample No. B226P7 B226R0 B226R3 B226R4 B226P5

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 10/4/2009 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 29 18 22 40

1,1-Dichloroethene 30 165 96 188 91

1,1,1-Trichloroethane 225 283 411 537 535

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 38 78 100 62 167

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 55 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (24) 218-W-3A (29) 218-W-3A (29) 218-W-3A (29) 218-W-3A (29)

Sample Point 6h (Same as 7) 7 7a 7b

Sample Locationa 137285/566304 137346/566246 137346/566246 137355/566246 137364/566246

HEIS Sample No. B226P4 B1JMJO B226R7 B226T2 B226T3

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 2006 10/5/2009 10/5/2009 10/5/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 32 22

1,1-Dichloroethene 30 42 260 149

1,1,1-Trichloroethane 261 294 2,010 624 2,803

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 26 19 24

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 44 <10 <10 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 32 181 49 7,012

Chlorobenzene <10 <10 <10 <10

Chloroform <10 33 24 24 384

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 181 426 406 147 759

Toluene <10 <10 <10 <10

Trichloroethene <10 <10 15 24

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (29) 218-W-3A (29) 218-W-3A (29) 218-W-3A (29) 218-W-3A (29)

Sample Point 7c 7d 7e 7f 7g

Sample Locationa 137336/566246 137327/566246 137346/566237 137346/566228 137346/566255

HEIS Sample No. B226R8 B226R9 B226TO B226T1 B226R6

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/5/2009 10/5/2009 10/5/2009 10/5/2009 10/5/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 52 11 13 <10

1,1-Dichloroethene 22 607 109 107 58

1,1,1-Trichloroethane 495 696 696 1,233 1,079

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 14 13 17 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 40 <10 30 37 345

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 613 15 14 <10 36

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 116 81 338 140 387

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (29) 218-W-3A (31) 218-W-3A (31) 218-W-3A (31) 218-W-3A (31)

Sample Point 7h (Same as 8) 8 8a 8b

Sample Locationa 137346/566264 137370/566254 137370/566254 137379/566254 137388/566254

HEIS Sample No. B226R5 B1JMH6 B226V2 B226V1 B226V0

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 2006 10/5/2009 10/5/2009 10/5/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 25 87 23 18

1,1-Dichloroethene 238 203 123 80

1,1,1-Trichloroethane 1,596 590 1,091 947 1,664

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 14 <10 <10 39

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 58 <10 <10 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride 16,557 29 36 41 27

Chlorobenzene <10 <10 <10 <10

Chloroform 2,199 17 11 14

Dichloromethane 22 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 596 819 561 255 735

Toluene <10 <10 <10 <10

Trichloroethene <10 27 <10 <10

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (31) 218-W-3A (31) 218-W-3A (31) 218-W-3A (31) 218-W-3A (31)

Sample Point 8c 8c Lab Dup 8c Field Dup 8d 8e

Sample Locationa 137363/566254 137363/566254 137363/566254 137352/566254 137370/566245

HEIS Sample No. B226T6 B226T7 B226T5 B226T4 B226T8

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/5/2009 10/5/2009 10/5/2009 10/5/2009 10/5/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 29 48 15 25 53

1,1-Dichloroethene 112 135 78 139 483

1,1,1-Trichloroethane 664 1,607 3,111 2,230 2,805

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 24 58 22 60

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 90 257 682 385 417

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 32 86 48 61 125

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 275 432 233 618 640

Toluene <10 <10 <10 <10 <10

Trichloroethene 11 11 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (31) 218-W-3A (31) 218-W-3A (31) 218-W-3A (33) 218-W-3A (33)

Sample Point 8f 8g 8h (Same as 9) 9

Sample Locationa 137370/566235 137370/566263 137370/566272 137394/566112 137394/566112

HEIS Sample No. B226T9 B226V3 B226V4 B1JMHO B226N8

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/5/2009 10/5/2009 10/5/2009 2006 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 52 62 80 64

1,1-Dichloroethene 75 144 239 65 133

1,1,1-Trichloroethane 424 1,844 1,372 270 2,719

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 23 39 30 100

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 <10 33 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride 66 27 32 23

Chlorobenzene <10 <10 <10 <10

Chloroform <10 15 18 36 80

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 49 805 541 125 2,134

Toluene <10 <10 <10 <10

Trichloroethene <10 <10 13 11

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (33) 218-W-3A (33) 218-W-3A (33) 218-W-3A (33) 218-W-3A (33)

Sample Point 9a 9b 9c 9d 9e

Sample Locationa 137403/566112 137412/566112 137385/566112 137376/566112 137394/566103

HEIS Sample No. B226N7 B226N6 B226P1 B226P2 B226N4

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 10/4/2009 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 40 45 <10 75 35

1,1-Dichloroethene 128 84 <10 81 49

1,1,1-Trichloroethane 413 1,357 301 3,965 485

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 23 89 17 65 35

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 40 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 48 <10 38 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 972 1,653 54 955 524

Toluene <10 <10 <10 <10 <10

Trichloroethene 58 12 <10 <10 16

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (33) 218-W-3A (33) 218-W-3A (33) 218-W-3A (34) 218-W-3A (34)

Sample Point 9f 9g 9h (Same as 10) 10

Sample Locationa 137394/566094 137394/566121 137394/566130 137406/566107 137406/566107

HEIS Sample No. B226N5 B226N9 B226P0 B1JMF9 B226M7

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 2006 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 53 24 <10

1,1-Dichloroethene 63 51 90 32 179

1,1,1-Trichloroethane 604 2,869 1,079 205 471

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 25 116 33 53

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 <10 31 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 20 <10 <10

Chlorobenzene <10 <10 <10 <10

Chloroform <10 32 <10 <10

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 1,226 419 580 523 330

Toluene <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (34) 218-W-3A (34) 218-W-3A (34) 218-W-3A (34) 218-W-3A (34)

Sample Point 10a 10b 10c 10d 10e

Sample Locationa 137415/566107 137424/566107 137397/566107 137388/566107 137406/566098

HEIS Sample No. B226M8 B226L7 B226M6 B226N3 B226N2

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 10/4/2009 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 35 60 44 39 30

1,1-Dichloroethene 208 56 49 111 75

1,1,1-Trichloroethane 507 1,061 1,652 823 589

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 109 178 78 38 27

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 15 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 72 223 21 15 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 2,270 3,238 709 969 1,383

Toluene <10 <10 <10 <10 <10

Trichloroethene 22 23 <10 12 43

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (34) 218-W-3A (34) 218-W-3A (34) 218-W-3A (35) 218-W-3A (35)

Sample Point 1Of log 10h (Same as 11) 11

Sample Locationa 137406/566089 137406/566116 137406/566125 137418/566107 137418/566107

HEIS Sample No. B226N1 B226M9 B226N0 B1JMF8 B226L6

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 2006 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 41 13 29 25 58

1,1-Dichloroethene 79 51 99 65

1,1,1-Trichloroethane 446 247 234 251 781

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 31 <10 10 187

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 <10 29 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10

Chloroform <10 <10 <10 225 166

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 536 541 376 742 3,089

Toluene <10 <10 <10 <10

Trichloroethene 27 17 42 28

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (35) 218-W-3A (35) 218-W-3A (35) 218-W-3A (35) 218-W-3A (35)

Sample Point 11a 11b 11c 11d lie

Sample Locationa 137428/566107 137437/566107 137409/566107 137400/566107 137418/566097

HEIS Sample No. B226L8 B226L9 B226M4 B226M5 B226L5

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 10/4/2009 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 342 28 <10 19 17

1,1-Dichloroethene 286 34 24 40 30

1,1,1-Trichloroethane 4,560 1,775 423 1,709 702

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 158 68 30 62 58

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 36 12 <10 19 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 71 <10 <10 12 15

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 2,553 678 307 1,704 1,214

Toluene <10 <10 <10 <10 <10

Trichloroethene 42 11 <10 11 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (35) 218-W-3A (35) 218-W-3A (35) 218-W-3A (35) 218-W-3A (35)

Sample Point 11f 11g 11g Lab Dup 11g Field Dup 11h

Sample Locationa 137418/566088 137418/566116 137418/566116 137418/566116 137418/566125

HEIS Sample No. B226L4 B226M1 B226M2 B226MO B226M3

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 10/4/2009 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 18 45 51 11 76

1,1-Dichloroethene 91 115 104 59 138

1,1,1-Trichloroethane 368 1,186 642 326 1,527

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 44 141 80 57 69

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 22 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 56 31 <10 37

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 523 2,685 3,899 1,981 1,554

Toluene <10 <10 <10 <10 <10

Trichloroethene 22 16 188 27 21

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (46) 218-W-3A (46) 218-W-3A (46) 218-W-3A (46) 218-W-3A (46)

Sample Point (Same as 12) 12' 12a' 12a Lab Dupc 12a Field Dupc

Sample Locationa 137553/566287 137553/566287 137562/566287 137562/566287 137562/566287

HEIS Sample No. B1JMD9 -- -- -- --

Date Deployed -- -- -- --

Date Retrieved -- -- -- --

Date Analyzed 2006 -- -- -- --

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 182 -- -- -- --

1,1-Dichloroethene 186 -- -- -- --

1,1,1-Trichloroethane 1,204 -- -- -- --

1,1,2-Trichloroethane

1,1,2-Trichlorotrifluoroethane -- -- -- --

1,1,2,2-Tetrachloroethane -- -- -- --

1,2-Dichlorobenzene

1,2-Dichloroethane

cis-1,2-Dichloroethene -- -- -- --

trans-1,2-Dichloroethene

1,2-Dichloropropane

1,2,4-Trimethylbenzene -- -- -- --

1,3-Dichlorobenzene

2,4-Dinitrotoluene 
-

2-Butanone

2-Hexanone

2-Methylphenol

4-Methylphenol

Benzene 37 - - - -

n-Butanol

n-Butylbenzene

Carbon tetrachloride

Chlorobenzene

Chloroform

Dichloromethane

Ethylbenzene

Naphthalene

Tetrachloroethene 61 - - - -

Toluene

Trichloroethene

m-, p-Xylene

o-Xylene
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (46) 218-W-3A (46) 218-W-3A (46) 218-W-3A (46) 218-W-3A (46)

Sample Point 12b' 12c' 12d' 12e' 12fc

Sample Locationa 137571/566287 137544/566287 137535/566287 137553/566278 137553/566268

HEIS Sample No. -- -- -- -- --

Date Deployed -- -- -- -- --

Date Retrieved -- -- -- -- --

Date Analyzed -- -- -- -- --

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane -- -- -- -- --

1,1-Dichloroethene -- -- -- -- --

1,1,1-Trichloroethane -- -- -- -- --

1,1,2-Trichloroethane

1,1,2-Trichlorotrifluoroethane -- -- -- -- --

1,1,2,2-Tetrachloroethane -- -- -- -- --

1,2-Dichlorobenzene -- -- -- -- --

1,2-Dichloroethane -- -- -- -- --

cis-1,2-Dichloroethene -- -- -- -- --

trans-1,2-Dichloroethene --

1,2-Dichloropropane -- -- -- -- --

1,2,4-Trimethylbenzene -- -- -- -- --

1,3-Dichlorobenzene -- -- -- -- --

2,4-Dinitrotoluene -

2-Butanone - - - - -

2-Hexanone - - - - -

2-Methylphenol - - - - -

4-Methylphenol - - - - -

Benzene - - - - -

n-Butanol - - - - -

n-Butylbenzene - - - - -

Carbon tetrachloride - - - - -

Chlorobenzene - - - - -

Chloroform - - - - -

Dichloromethane - - - - -

Ethylbenzene - - - - -

Naphthalene - - - - -

Tetrachloroethene - - - - -

Toluene - - - - -

Trichloroethene - - - - -

m-, p-Xylene - - - - -

o-Xylene - - - - -
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (46) 218-W-3A (46) 218-W-3A (1S) 218-W-3A (1S) 218-W-3A (1S)

Sample Point 12g' 12h' (Same as 13) 13 13a

Sample Locationa 137553/566296 137553/566305 136974/566240 136974/566240 136983/566240

HEIS Sample No. -- -- B1JMP2 B22748 B22753

Date Deployed -- -- 9/23/2009 9/23/2009

Date Retrieved -- -- 9/30/2009 9/30/2009

Date Analyzed -- -- 2006 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane -- -- 684 248 11

1,1-Dichloroethene -- -- 638 110 34

1,1,1-Trichloroethane -- -- 2,025 2,657 160

1,1,2-Trichloroethane -- -- <10 <10

1,1,2-Trichlorotrifluoroethane -- -- <10 <10

1,1,2,2-Tetrachloroethane -- -- <10 <10

1,2-Dichlorobenzene -- -- <10 <10

1,2-Dichloroethane -- -- <10 <10

cis-1,2-Dichloroethene -- -- <10 <10

trans-1,2-Dichloroethene -- -- <10 <10

1,2-Dichloropropane -- -- <10 <10

1,2,4-Trimethylbenzene -- -- <10 <10

1,3-Dichlorobenzene -- -- <10 <10

2,4-Dinitrotoluene - -- -

2-Butanone - - <10 <10

2-Hexanone - - <10 <10

2-Methylphenol - - <10 <10

4-Methylphenol - - <10 <10

Benzene - - <10 <10

n-Butanol - - <10 <10

n-Butylbenzene - - <10 <10

Carbon tetrachloride - - <10 <10

Chlorobenzene - - <10 <10

Chloroform - - 186 53 <10

Dichloromethane - - <10 <10

Ethylbenzene - - <10 <10

Naphthalene - - <10 <10

Tetrachloroethene - - 148 68 47

Toluene - - <10 <10

Trichloroethene - - <10 <10

im-, p-Xylene - - <10 <10

o-Xylene - - <10 <10

A-32



SGW-42563, REV. 0

Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (1S) 218-W-3A (1S) 218-W-3A (1S) 218-W-3A (1S) 218-W-3A (1S)

Sample Point 13b 13c 13d 13e 13f

Sample Locationa 136992/566240 136965/566240 136956/566240 136974/566231 136974/566221

HEIS Sample No. B22749 B22754 B22750 B22747 B22745

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/6/2009 10/6/2009 10/6/2009 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 202 <10 <10 <10 <10

1,1-Dichloroethene 127 <10 12 17 <10

1,1,1-Trichloroethane 559 29 46 50 159

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 28

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 66 118 125 60 57

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (1S) 218-W-3A (1S) 218-W-3A (3S) 218-W-3A (3S) 218-W-3A (3S)

Sample Point 13g 13h (Same as 14) 14 14a

Sample Locationa 136974/566249 136974/566258 136949/566164 136949/566164 136958/566164

HEIS Sample No. B22752 B22751 B1JMN1 B22740 B22737

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/6/2009 10/6/2009 2006 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 2,236 <10 <10 <10

1,1-Dichloroethene 444 <10 <10 15

1,1,1-Trichloroethane 7,043 207 62 73 37

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 55 15

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 42 <10 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride 21 <10 26 274 <10

Chlorobenzene <10 <10 <10 <10

Chloroform 10 <10 36 54 <10

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 130 11 32 38 29

Toluene <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (3S) 218-W-3A (3S) 218-W-3A (3S) 218-W-3A (3S) 218-W-3A (3S)

Sample Point 14b 14c 14d 14e 14f

Sample Locationa 136968/566164 136940/566165 136931/566165 136949/566155 136949/566146

HEIS Sample No. B22736 B22742 B22741 B22739 B22738

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/6/2009 10/6/2009 10/6/2009 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 23 61 <10 <10 <10

1,1-Dichloroethene 36 399 23 <10 <10

1,1,1-Trichloroethane 203 1,150 240 18 71

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 16 117 69 47 436

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 49 20

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 45 42

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 43 44 33 25 18

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (3S) 218-W-3A (3S) 218-W-3A (6S) 218-W-3A (6S) 218-W-3A (6S)

Sample Point 14g 14h (Same as 15) 15 15a

Sample Locationa 136949/566174 136949/566183 136913/566116 136913/566116 136922/566116

HEIS Sample No. B22743 B22744 B1JMR2 B226W7 B226X1

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/30/2009 9/30/2009 9/29/2009 9/29/2009

Date Analyzed 10/6/2009 10/6/2009 2006 10/5/2009 10/5/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10

1,1,1-Trichloroethane 54 31 34 45 <10

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 21 <10 60 14

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 <10 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride 13 <10 <10 <10

Chlorobenzene <10 <10 <10 <10

Chloroform <10 <10 76 44 <10

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 35 44 35 12 <10

Toluene <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (6S) 218-W-3A (6S) 218-W-3A (6S) 218-W-3A (6S) 218-W-3A (6S)

Sample Point 15b 15c 15d 15e 15f

Sample Locationa 136931/566116 136903/566116 136894/566116 136913/566107 136912/566098

HEIS Sample No. B226X0 B226W6 B226W5 B226W8 B226W9

Date Deployed 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/5/2009 10/5/2009 10/5/2009 10/5/2009 10/5/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 15 <10 <10 <10

1,1,1-Trichloroethane 27 82 76 21 16

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 23 34 <10 38 15

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 11 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 57 34 24 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (6S) 218-W-3A (6S) 218-W-3A (8S) 218-W-3A (8S) 218-W-3A (8S)

Sample Point 15g 15h (Same as 16) 16 16a

Sample Locationa 136913/566126 136913/566135 136888/566229 136888/566229 136898/566229

HEIS Sample No. B226X2 B226X3 B1JMR6 B22701 B22703

Date Deployed 9/23/2009 9/23/2009 9/24/2009 9/24/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/5/2009 10/5/2009 2006 10/6/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 14 <10

1,1-Dichloroethene <10 <10 43 <10

1,1,1-Trichloroethane 23 19 133 328 44

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 23 29 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 25 <10 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10

Chloroform <10 <10 16 <10

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 26 14 70,070 9,367 1,144

Toluene <10 <10 <10 <10

Trichloroethene <10 <10 608 447 280

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (8S) 218-W-3A (8S) 218-W-3A (8S) 218-W-3A (8S) 218-W-3A (8S)

Sample Point 16b 16c 16c Lab Dup 16c Field Dup 16d

Sample Locationa 136907/566229 136879/566229 136879/566229 136879/566229 136870/566229

HEIS Sample No. B22702 B226Y6 B226Y7 B226Y5 B226Y8

Date Deployed 9/24/2009 9/24/2009 9/24/2009 9/24/2009 9/24/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/6/2009 10/5/2009 10/5/2009 10/5/2009 10/5/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane 12 12 <10 13 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 230 188 203 182 46

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (8S) 218-W-3A (8S) 218-W-3A (8S) 218-W-3A (8S) 218-W-3A (9S)

Sample Point 16e 16f 16g 16h (Same as 17)

Sample Locationa 136888/566219 136888/566210 136888/566238 136888/566247 136876/566205

HEIS Sample No. B22704 B22705 B22700 B226Y9 B1JMR4

Date Deployed 9/24/2009 9/24/2009 9/24/2009 9/24/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/6/2009 10/6/2009 10/6/2009 10/6/2009 2006

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 20 <10 <10 <10 134

1,1-Dichloroethene 117 14 11 <10

1,1,1-Trichloroethane 943 203 52 <10 164

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 <10 <10 43

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride 19 40 <10 <10 1,184

Chlorobenzene <10 <10 <10 <10

Chloroform 13 23 <10 <10 1,200

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 1,842 209 3,037 35 295

Toluene <10 <10 <10 <10

Trichloroethene 25 <10 65 <10

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (9S) 218-W-3A (9S) 218-W-3A (9S) 218-W-3A (9S) 218-W-3A (9S)

Sample Point 17 17 Lab Dup 17 Field Dup 17a 17b

Sample Locationa 136876/566205 136876/566205 136876/566205 136885/566205 136894/566205

HEIS Sample No. B226X9 B226Y0 B226X8 B226Y1 B226Y2

Date Deployed 9/24/2009 9/24/2009 9/24/2009 9/24/2009 9/24/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/5/2009 10/5/2009 10/5/2009 10/5/2009 10/5/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 226 183 47 35 <10

1,1-Dichloroethene 35 27 10 <10 13

1,1,1-Trichloroethane 113 93 86 56 160

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 18

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 807 636 790 100 58

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 677 520 199 67 20

Dichloromethane 24 41 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 185 141 120 98 94

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (9S) 218-W-3A (9S) 218-W-3A (9S) 18-W-3A (9S) 218-W-3A (9S)

Sample Point 17c 17d 17e 17f 17g

Sample Locationa 136867/566205 136858/566205 136876/566195 136876/566186 136876/566214

HEIS Sample No. B226X7 B226X6 B226X5 B226X4 B226Y3

Date Deployed 9/24/2009 9/24/2009 9/24/2009 9/24/2009 9/24/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/5/2009 10/5/2009 10/5/2009 10/5/2009 10/5/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 25 <10 6,882 783 14

1,1-Dichloroethene <10 <10 507 83 <10

1,1,1-Trichloroethane 40 <10 2,630 838 45

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 30 45 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 11 <10 51 11 48

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 40 31 24

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 24 54 87

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3A (9S) 218-W-3AE (5) 218-W-3AE (5) 218-W-3AE (5) 218-W-3AE (5)

Sample Point 17h (Same as 1) 1 la 1b

Sample Locationa 136876/566223 137537/566529 137537/566529 137546/566529 137555/566529

HEIS Sample No. B226Y4 B1JMV9 B22779 B22783 B22782

Date Deployed 9/24/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/29/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/5/2009 2006 10/7/2009 10/7/2009 10/7/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10

1,1-Dichloroethene <10 <10 34 <10

1,1,1-Trichloroethane 10 160 165 12

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 16 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 <10 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10

Chloroform <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 64 142 111 149 41

Toluene <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3AE (5) 218-W-3AE (5) 218-W-3AE (5) 218-W-3AE (5) 218-W-3AE (5)

Sample Point 1c 1d le if 1g

Sample Locationa 137528/566529 137519/566529 137537/566520 137537/566511 137537/566538

HEIS Sample No. B22778 B22777 B22784 B22785 B22780

Date Deployed 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/7/2009 10/7/2009 10/7/2009 10/7/2009 10/7/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene 53 13 <10 <10 22

1,1,1-Trichloroethane 927 164 15 26 142

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 35 24 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 1,016 746 25 19 87

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3AE (5) 218-W-3AE (8) 218-W-3AE (8) 218-W-3AE (8) 218-W-3AE (8)

Sample Point 1h (Same as 2) 2 2a 2b

Sample Locationa 137537/566548 137498/566447 137498/566447 137508/566447 137517/566447

HEIS Sample No. B22781 B1JMV6 B22789 B22792 B22793

Date Deployed 9/22/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/7/2009 2006 10/7/2009 10/7/2009 10/7/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 63 35 <10 <10

1,1-Dichloroethene <10 123 63 31 61

1,1,1-Trichloroethane <10 1,894 634 601 203

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 1,082 29 35 17

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 40 <10 <10 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10

Chloroform <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 47 373 859 424 238

Toluene <10 <10 <10 <10

Trichloroethene <10 12 <10 <10

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3AE (8) 218-W-3AE (8) 218-W-3AE (8) 218-W-3AE (8) 218-W-3AE (8)

Sample Point 2c 2d 2e 2e Lab Dup 2e Field Dup

Sample Locationa 137489/566447 137480/566447 137498/566438 137498/566438 137498/566438

HEIS Sample No. B22790 B22791 B22795 B22796 B22794

Date Deployed 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/7/2009 10/7/2009 10/7/2009 10/7/2009 10/7/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 35 <10 <10 <10 <10

1,1-Dichloroethene 87 12 <10 37 46

1,1,1-Trichloroethane 285 196 106 204 75

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 18 <10 <10 16 15

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 1,611 841 269 219 96

Toluene <10 <10 <10 <10 <10

Trichloroethene 59 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3AE (8) 218-W-3AE (8) 218-W-3AE (8) 218-W-3AE (10) 218-W-3AE (10)

Sample Point 2f 2g 2h (Same as 3) 3

Sample Locationa 137498/566429 137499/566457 137499/566466 137421/566533 137421/566533

HEIS Sample No. B22797 B22788 B22786 B1JMV5 B22768

Date Deployed 9/22/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/7/2009 10/7/2009 10/7/2009 2006 10/7/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 33 <10 <10 3,386 110

1,1-Dichloroethene 187 11 16 965 21

1,1,1-Trichloroethane 722 145 229 21,153 2,864

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 31 <10 <10 46

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 11

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 <10 37 <10

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10

Chloroform <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene 2,174 377 480 145,911 6,596

Toluene <10 <10 <10 <10

Trichloroethene 82 <10 <10 483 63

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3AE (10) 218-W-3AE (10) 218-W-3AE (10) 218-W-3AE (10) 218-W-3AE (10)

Sample Point 3a 3b 3c 3d 3e

Sample Locationa 137430/566533 137439/566533 137412/566533 137402/566533 137421/566524

HEIS Sample No. B22767 B22766 B22772 B22771 B22774

Date Deployed 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/7/2009 10/7/2009 10/7/2009 10/7/2009 10/7/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 138 10 138 13 31

1,1-Dichloroethene 135 51 98 67 80

1,1,1-Trichloroethane 1,172 611 1,220 306 1,287

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 33 17

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 11,356 4,123 21,685 1,783 7,297

Toluene <10 <10 <10 <10 <10

Trichloroethene 600 31 502 22 59

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-3AE (10) 218-W-3AE (10) 218-W-3AE (10) 218-W-3AE (10) 218-W-3AE (10)

Sample Point 3e Lab Dup 3e Field Dup 3f 3g 3h

Sample Locationa 137421/566524 137421/566524 137421/566515 137421/566542 137421/566551

HEIS Sample No. B22775 B22773 B22776 B22769 B22770

Date Deployed 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/7/2009 10/7/2009 10/7/2009 10/7/2009 10/7/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 31 14 12 <10 <10

1,1-Dichloroethene 98 59 61 <10 15

1,1,1-Trichloroethane 314 826 920 549 54

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 23 25 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 5,228 8,365 5,379 1,369 401

Toluene <10 <10 <10 <10 <10

Trichloroethene 245 53 27 <10 20

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-4B (8) 218-W-4B (8) 218-W-4B (8) 218-W-4B (8) 218-W-4B (8)

Sample Point (Same as 1) 10 la lb 1cc

Sample Locationa 135874/566185 135874/566185 135894/566185 135902/566185 135865/566185

HEIS Sample No. B1JXJ4 -- B226L2 B226L3 --

Date Deployed -- 9/24/2009 9/24/2009 --

Date Retrieved -- 9/29/2009 9/29/2009 --

Date Analyzed 2006 -- 10/4/2009 10/4/2009 --

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 166 -- <10 16 --

1,1-Dichloroethene 313 -- 13 50 --

1,1,1-Trichloroethane 1,224 -- 90 258 --

1,1,2-Trichloroethane -- <10 <10 --

1,1,2-Trichlorotrifluoroethane -- <10 31 --

1,1,2,2-Tetrachloroethane -- <10 <10 --

1,2-Dichlorobenzene -- <10 <10 --

1,2-Dichloroethane -- <10 <10 --

cis-1,2-Dichloroethene -- <10 <10 --

trans-1,2-Dichloroethene -- <10 <10 --

1,2-Dichloropropane 1,402 -- <10 29 --

1,2,4-Trimethylbenzene -- <10 <10 --

1,3-Dichlorobenzene -- <10 <10 --

2,4-Dinitrotoluene - - --

2-Butanone - <10 <10 -

2-Hexanone - <10 <10 -

2-Methylphenol - <10 <10 -

4-Methylphenol - <10 <10 -

Benzene 54 - <10 <10 -

n-Butanol - <10 <10 -

n-Butylbenzene - <10 <10 -

Carbon tetrachloride 87,204 - 3,560 9,279 -

Chlorobenzene - <10 <10 -

Chloroform 7,220 - 282 1,389 -

Dichloromethane - <10 <10 -

Ethylbenzene - <10 <10 -

Naphthalene - <10 <10 -

Tetrachloroethene 230 - 62 80 -

Toluene - <10 <10 -

Trichloroethene 387 - <10 27 -

m-, p-Xylene - <10 <10 -

o-Xylene - <10 <10 -
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-4B (8) 218-W-4B (8) 218-W-4B (8) 218-W-4B (8) 218-W-4B (8)

Sample Point 1d 1d Lab Dup 1d Field Dup 1e' 1f

Sample Locationa 135848/566188 135848/566188 135848/566188 135874/566176 135874/566167

HEIS Sample No. B226K9 B226LO B226K8 -- B226L1

Date Deployed 9/24/2009 9/24/2009 9/24/2009 -- 9/24/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 -- 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 -- 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 -- 12

1,1-Dichloroethene <10 <10 <10 -- <10

1,1,1-Trichloroethane 73 85 23 -- 145

1,1,2-Trichloroethane <10 <10 <10 -- <10

1,1,2-Trichlorotrifluoroethane 20 22 <10 -- 27

1,1,2,2-Tetrachloroethane <10 <10 <10 -- <10

1,2-Dichlorobenzene <10 <10 <10 -- <10

1,2-Dichloroethane <10 <10 <10 -- <10

cis-1,2-Dichloroethene <10 <10 <10 -- <10

trans-1,2-Dichloroethene <10 <10 <10 -- <10

1,2-Dichloropropane <10 <10 <10 -- 26

1,2,4-Trimethylbenzene 27 29 11 -- <10

1,3-Dichlorobenzene <10 <10 <10 -- <10

2,4-Dinitrotolueneb -- - - - --

2-Butanone <10 <10 <10 - <10

2-Hexanone <10 <10 <10 - <10

2-Methylphenol <10 <10 <10 - <10

4-Methylphenol <10 <10 <10 - <10

Benzene <10 <10 <10 - <10

n-Butanol <10 <10 <10 - <10

n-Butylbenzene <10 <10 <10 - <10

Carbon tetrachloride 1,024 1,732 177 - 26,138

Chlorobenzene <10 <10 <10 - <10

Chloroform 293 305 153 - 1,371

Dichloromethane <10 <10 <10 - <10

Ethylbenzene <10 <10 <10 - <10

Naphthalene <10 <10 <10 - <10

Tetrachloroethene 26 46 16 - 147

Toluene <10 <10 <10 - <10

Trichloroethene 20 37 14 - 55

m-, p-Xylene <10 <10 <10 - <10

o-Xylene <10 <10 <10 - <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-4B (8) 218-W-4B (8) 218-W-4C (58) 218-W-4C (58) 218-W-4C (58)

Sample Point 1g 1 hc (Same as 1) 1 la

Sample Locationa 135874/566195 135874/566204 135014/566136 135014/566136 135023/566136

HEIS Sample No. -- -- B1JMY3 B226J9 B226K4

Date Deployed -- -- 9/22/2009 9/22/2009

Date Retrieved -- -- 9/29/2009 9/29/2009

Date Analyzed -- -- 2006 10/4/2009 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane -- -- <10 <10

1,1-Dichloroethene -- -- 48 12 <10

1,1,1-Trichloroethane -- -- 605 135 109

1,1,2-Trichloroethane -- -- <10 <10

1,1,2-Trichlorotrifluoroethane -- -- <10 <10

1,1,2,2-Tetrachloroethane -- -- <10 <10

1,2-Dichlorobenzene -- -- <10 <10

1,2-Dichloroethane -- -- <10 <10

cis-1,2-Dichloroethene -- -- <10 <10

trans-1,2-Dichloroethene -- -- <10 <10

1,2-Dichloropropane -- -- <10 <10

1,2,4-Trimethylbenzene -- -- <10 <10

1,3-Dichlorobenzene -- -- <10 <10

2,4-Dinitrotoluene - -- -

2-Butanone - - <10 <10

2-Hexanone - - <10 <10

2-Methylphenol - - <10 <10

4-Methylphenol - - <10 <10

Benzene - - 54 <10 <10

n-Butanol - - <10 <10

n-Butylbenzene - - <10 <10

Carbon tetrachloride - - <10 <10

Chlorobenzene - - <10 <10

Chloroform - - <10 <10

Dichloromethane - - <10 <10

Ethylbenzene - - <10 <10

Naphthalene - - <10 <10

Tetrachloroethene - - 30 50 11

Toluene - - <10 <10

Trichloroethene - - <10 <10

im-, p-Xylene - - <10 <10

o-Xylene - - <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-4C (58) 218-W-4C (58) 218-W-4C (58) 218-W-4C (58) 218-W-4C (58)

Sample Point lb 1c 1d le le Lab Dup

Sample Locationa 135032/566136 135005/566136 134996/566136 135014/566127 135014/566127

HEIS Sample No. B226K5 B226J8 B226J7 B226K1 B226K2

Date Deployed 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 10/4/2009 10/4/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 10 <10

1,1-Dichloroethene <10 11 <10 90 87

1,1,1-Trichloroethane 12 124 <10 319 1,357

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 10 <10 <10 28

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 11 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-4C (58) 218-W-4C (58) 218-W-4C (58) 218-W-4C (58) 218-W-5 (22)

Sample Point le Field Dup if 1g 1h (Same as 1)

Sample Locationa 135014/566127 135014/566118 135014/566145 135014/566154 137310/565895

HEIS Sample No. B226KO B226K3 B226K7 B226K6 B1JMX6

Date Deployed 9/22/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/29/2009 9/29/2009 9/29/2009 9/29/2009

Date Analyzed 10/4/2009 10/4/2009 10/4/2009 10/4/2009 2006

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 159

1,1-Dichloroethene 68 16 <10 <10 470

1,1,1-Trichloroethane 359 1,764 332 49 2,310

1,1,2-Trichloroethane <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 21 22 410

1,1,2,2-Tetrachloroethane <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- --

2-Butanone <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10

Benzene <10 <10 <10 <10 35

n-Butanol <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10

Carbon tetrachloride <10 28 13 <10

Chlorobenzene <10 <10 <10 <10

Chloroform <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10

Naphthalene <10 <10 <10 <10

Tetrachloroethene <10 <10 12 102 2,621

Toluene <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 49

m-, p-Xylene <10 <10 <10 <10

o-Xylene <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-5 (22) 218-W-5 (22) 218-W-5 (22) 218-W-5 (22) 218-W-5 (22)

Sample Point 1 1 Lab Dup 1 Field Dup la lb

Sample Locationa 137310/565895 137310/565895 137310/565895 137319/565895 137328/565895

HEIS Sample No. B22758 B22759 B22757 B22764 B22765

Date Deployed 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/6/2009 10/6/2009 10/6/2009 10/7/2009 10/7/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 28 45

1,1-Dichloroethene 54 306 17 199 1,364

1,1,1-Trichloroethane 1,367 1,546 1,377 1,314 3,140

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 48 88 71 55 55

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 12

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 441 228 131 1,241 442

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 12 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-5 (22) 218-W-5 (22) 218-W-5 (22) 218-W-5 (22) 218-W-5 (22)

Sample Point 1c 1d le if 1g

Sample Locationa 137301/565895 137291/565895 137310/565886 137310/565877 137310/565905

HEIS Sample No. B22763 B22762 B22760 B22761 B22756

Date Deployed 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009

Date Retrieved 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

Date Analyzed 10/7/2009 10/7/2009 10/6/2009 10/7/2009 10/6/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane 15 <10 30 <10 11

1,1-Dichloroethene 11 <10 174 23 111

1,1,1-Trichloroethane 1,304 57 1,207 4,428 3,269

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane 64 <10 133 203 72

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 11 <10 <10 16 11

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 266 182 201 201 517

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 23 27 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table A-1. Analytical Results for Stage 2 Samples

Burial Ground (Trench) 218-W-5 (22)

Sample Point 1h

Sample Locationa 137310/565914

HEIS Sample No. B22755

Date Deployed 9/22/2009

Date Retrieved 9/30/2009

Date Analyzed 10/6/2009

COMPOUNDS ng/sample

1,1-Dichloroethane 62

1,1-Dichloroethene 271

1,1,1-Trichloroethane 3,561

1,1,2-Trichloroethane <10

1,1,2-Trichlorotrifluoroethane 68

1,1,2,2-Tetrachloroethane <10

1,2-Dichlorobenzene <10

1,2-Dichloroethane <10

cis-1,2-Dichloroethene <10

trans-1,2-Dichloroethene <10

1,2-Dichloropropane <10

1,2,4-Trimethylbenzene <10

1,3-Dichlorobenzene <10

2,4-Dinitrotolueneb --

2-Butanone <10

2-Hexanone <10

2-Methylphenol <10

4-Methylphenol <10

Benzene <10

n-Butanol <10

n-Butylbenzene <10

Carbon tetrachloride 12

Chlorobenzene <10

Chloroform <10

Dichloromethane <10

Ethylbenzene <10

Naphthalene <10

Tetrachloroethene 1,329

Toluene <10

Trichloroethene <10

m-, p-Xylene <10

o-Xylene <10
a. Sample locations are Washington State Plane coordinates and shown as Northing/Easting in meters.
b. Compound was not analyzed.
c. Sample was not collected.
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Appendix B

Analytical Results for Stage 3 Passive Soil-Vapor Samples
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-E-1 218-E-1 218-E-1 218-E-1 218-E-1

Sample Point 1 2 3 3 Lab Dup 3 Field Dup

Sample Locationa 135578/574706 135560/574749 135568/574742 135568/574742 135568/574742

HEIS Sample No. B21VM8 B21VM4 B21 VM5 B21 VM5 DUP B21VM6

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 11 12 13

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-E-1 218-E-1 218-E-2A 218-E-2A 218-E-2A

Sample Point 4 5 1 1 Lab Dup 1 Field Dup

Sample Locationa 135587/574738 135564/574779 136990/573572 136990/573572 136990/573572

HEIS Sample No. B21VM7 B21VM3 B21VJ2 B21VJ2 DUP B21VJ3

Date Deployed 9/9/2009 9/9/2009 9/8/2009 9/8/2009 9/8/2009

Date Retrieved 9/16/2009 9/16/2009 9/15/2009 9/15/2009 9/15/2009

Date Analyzed 9/21/2009 9/21/2009 9/19/2009 9/19/2009 9/19/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-E-5 218-E-5 218-E-5 218-E-5 218-E-5

Sample Point 1 2 3 4 4 Lab Dup

Sample Locationa 137028/573446 137033/573385 137022/573385 137046/573437 137046/573437

HEIS Sample No. B21VJ4 B21VK6 B21VK7 B21VJ6 B21VJ6 DUP

Date Deployed 9/8/2009 9/8/2009 9/8/2009 9/8/2009 9/8/2009

Date Retrieved 9/15/2009 9/15/2009 9/15/2009 9/15/2009 9/15/2009

Date Analyzed 9/19/2009 9/19/2009 9/19/2009 9/19/2009 9/19/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-E-5 218-E-5 218-E-5 218-E-5 218-E-5

Sample Point 4 Field Dup 7 8 9 10

Sample Locationa 137046/573437 137092/573401 137094/573437 137085/573443 137076/573437

HEIS Sample No. B21VJ5 B21VK2 B21VKO B21VJ8 B21VJ7

Date Deployed 9/8/2009 9/8/2009 9/8/2009 9/8/2009 9/8/2009

Date Retrieved 9/15/2009 9/15/2009 9/15/2009 9/15/2009 9/15/2009

Date Analyzed 9/19/2009 9/19/2009 9/19/2009 9/19/2009 9/19/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-E-5 218-E-5 218-E-5A 218-E-5A 218-E-5A

Sample Point 11 12 5 5 Lab Dup 5 Field Dup

Sample Locationa 137085/573431 137125/573418 137064/573350 137064/573350 137064/573350

HEIS Sample No. B21VJ9 B21VK1 B21VK3 B21VK3 DUP B21VK4

Date Deployed 9/8/2009 9/8/2009 9/8/2009 9/8/2009 9/8/2009

Date Retrieved 9/15/2009 9/15/2009 9/15/2009 9/15/2009 9/15/2009

Date Analyzed 9/19/2009 9/19/2009 9/19/2009 9/19/2009 9/19/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone 14 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-E-5A 218-E-8 218-E-8 218-E-8 218-E-8

Sample Point 6 1 1 Field Dup 1 Lab Dup 2

Sample Locationa 137049/573353 137193/575136 137193/575136 137193/575136 137200/575219

HEIS Sample No. B21VK5 B21VK8 B21VK9 B21VK9 DUP B21VLO

Date Deployed 9/8/2009 9/8/2009 9/8/2009 9/8/2009 9/8/2009

Date Retrieved 9/15/2009 9/15/2009 9/15/2009 9/15/2009 9/15/2009

Date Analyzed 9/19/2009 9/19/2009 9/19/2009 9/19/2009 9/19/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 11 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 23

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 22 14 34 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-E-12A 218-E-12A 218-E-12A 218-E-12A 218-E-12A

Sample Point 1 2 2 Lab Dup 2 Field Dup 3

Sample Locationa 136676/574852 136699/574852 136699/574852 136699/574852 136710/574863

HEIS Sample No. B21VL9 B21VL7 B21VL7 DUP B21VL8 B21VL6

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-E-12A 218-E-12A 218-E-12A 218-E-12A 218-E-12A

Sample Point 4 5 6 7 8

Sample Locationa 136744/574840 136751/574814 136849/574889 136879/574836 136894/574836

HEIS Sample No. B21VL5 B21VL4 B21VM0 B21VL3 B21VL2

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 13 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-E-12A 218-E-12A 218-W-1 218-W-1 218-W-1

Sample Point 9 10 3 4 5

Sample Locationa 136894/574926 136917/574926 136163/566182 136200/566202 136212/566249

HEIS Sample No. B21VM1 B21VM2 B21VN4 B21VP3 B21VP2

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/21/2009 9/21/2009 9/18/2009 9/18/2009 9/18/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-1 218-W-1 218-W-1 218-W-2 218-W-2

Sample Point 8 8 Lab Dup 8 Field Dup 1 2

Sample Locationa 136178/566275 136178/566275 136178/566275 136048/566152 136053/566239

HEIS Sample No. B21VPO B21VPO DUP B21VP1 B21VN5 B21VN8

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/18/2009 9/18/2009 9/18/2009 9/18/2009 9/18/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-2 218-W-2 218-W-2 218-W-2 218-W-1A

Sample Point 2 Lab Dup 2 Field Dup 6 7 1

Sample Locationa 136053/566239 136053/566239 135988/566172 135978/566260 137088/567013

HEIS Sample No. B21VN8 DUP B21VN9 B21VN6 B21VN7 B21W42

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/17/2009

Date Analyzed 9/18/2009 9/18/2009 9/18/2009 9/18/2009 9/20/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 43 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 36 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 19 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 31 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-1A 218-W-1A 218-W-1A 218-W-1A 218-W-1A

Sample Point 2 3 4 5 6

Sample Locationa 137088/567028 137100/567013 137124/567004 137136/567007 137157/567097

HEIS Sample No. B21W43 B21W41 B21W40 B21W39 B21W44

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/17/2009 9/17/2009 9/17/2009 9/17/2009 9/17/2009

Date Analyzed 9/20/2009 9/20/2009 9/20/2009 9/20/2009 9/20/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-1A 218-W-1A 218-W-1A 218-W-1A 218-W-1A

Sample Point 7 7 Lab Dup 7 Field Dup 8 9

Sample Locationa 137166/567019 137166/567019 137166/567019 137190/567079 137181/567115

HEIS Sample No. B21W35 B21W35 DUP B21W36 B21W34 B21W45

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/17/2009 9/17/2009 9/17/2009 9/17/2009 9/17/2009

Date Analyzed 9/20/2009 9/20/2009 9/20/2009 9/20/2009 9/20/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10

B-22



SGW-42563, REV. 0

Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-1A 218-W-1A 218-W-1A 218-W-1A 218-W-2A

Sample Point 10 11 12 13 1

Sample Locationa 137214/567121 137190/566989 137208/567001 137211/567181 136658/566261

HEIS Sample No. B21W33 B21W38 B21W37 B21W32 B21VP4

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/9/2009

Date Retrieved 9/17/2009 9/17/2009 9/17/2009 9/17/2009 9/16/2009

Date Analyzed 9/20/2009 9/20/2009 9/20/2009 9/20/2009 9/18/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene 15 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 33

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-2A 218-W-2A 218-W-2A 218-W-2A 218-W-2A

Sample Point 2 3 4 4 Lab Dup 4 Field Dup

Sample Locationa 136661/566328 136658/566428 136731/566411 136731/566411 136731/566411

HEIS Sample No. B21VP5 B21VP6 B21VP7 B21VP7 DUP B21VP8

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/18/2009 9/18/2009 9/19/2009 9/19/2009 9/19/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 11

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-2A 218-W-2A 218-W-2A 218-W-2A 218-W-2A

Sample Point 5 6 7 8 9

Sample Locationa 136813/566461 136868/566393 136888/566348 136903/566301 136848/566533

HEIS Sample No. B21VP9 B21VRO B21VR1 B21VR2 B21VT3

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/19/2009 9/19/2009 9/19/2009 9/19/2009 9/22/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 17 <10 <10

Toluene <10 11 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-2A 218-W-2A 218-W-2A 218-W-2A 218-W-2A

Sample Point 10 11 12 13 14

Sample Locationa 136963/566303 136906/566545 136921/566508 136938/566456 136953/566418

HEIS Sample No. B21VR3 B21VR9 B21VR8 B21VR7 B21VR6

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/19/2009 9/19/2009 9/19/2009 9/19/2009 9/19/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 43 <10 <10 24 60

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-2A 218-W-2A 218-W-2A 218-W-2A 218-W-2A

Sample Point 15 16 17 18 19

Sample Locationa 136966/566376 136986/566328 136923/566578 136959/566633 137014/566676

HEIS Sample No. B21VR5 B21VR4 B21VTO B21VT1 B21VT2

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/19/2009 9/19/2009 9/19/2009 9/22/2009 9/21/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 58 159 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 1 2 2 Lab Dup 2 Field Dup 3

Sample Locationa 136690/566112 136713/566103 136713/566103 136713/566103 136702/566171

HEIS Sample No. B21VV9 B21VWO B21VWO DUP B21VW1 B21VW8

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 19

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 13 36

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 4 5 6 7 8

Sample Locationa 136717/566179 136791/566154 136817/566124 136802/566196 136797/566214

HEIS Sample No. B21VX9 B21VY9 B21W27 B21W05 B21W03

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/17/2009 9/17/2009 9/17/2009

Date Analyzed 9/22/2009 9/20/2009 9/20/2009 9/20/2009 9/20/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 35 <10 41 123

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 16 <10 31 27

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 15 44 30 60 29

Toluene <10 <10 <10 <10 10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-11

Sample Point 9 10 11 12 1

Sample Locationa 136800/566214 136813/566208 136800/566235 136750/566235 136328/566170

HEIS Sample No. B21WO4 B21W06 B21W07 B21WOO B21VN3

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/9/2009

Date Retrieved 9/17/2009 9/17/2009 9/17/2009 9/16/2009 9/16/2009

Date Analyzed 9/22/2009 9/20/2009 9/20/2009 9/19/2009 9/18/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 57 <10 18 84 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 14 <10 <10 164 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 25 15 20 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table B-1. Analytical Results for Stage 3 Samples

Burial Ground 218-W-11 218-W-11 218-W-11 218-W-11 218-W-11

Sample Point 2 2 Lab Dup 2 Field Dup 3 4

Sample Locationa 136330/566184 136330/566184 136330/566184 136328/566203 136333/566248

HEIS Sample No. B21VN1 B21VN1 DUP B21VN2 B21VN0 B21VM9

Date Deployed 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/18/2009 9/18/2009 9/18/2009 9/21/2009 9/21/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 20 19 <10 13 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10

a. Sample locations are Washington State Plane coordinates and shown as Northing/Easting in meters.
b. Compound was not analyzed.
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Appendix C

Analytical Results for Stage 4 Passive Soil-Vapor Samples
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 1 2 3 4 5

Sample Locationa 136673/566100 136673/566111 136673/566121 136673/566131 136673/566141

HEIS Sample No. B21VV8 B21VV7 B21VV6 B21VV5 B21VV3

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/21/2009 9/21/2009 9/21/2009 9/19/2009 9/19/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 11 16 12 10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 5 Lab Dup 5 Field Dup 6 7 8

Sample Locationa 136673/566141 136673/566141 136673/566151 136673/566161 136673/566171

HEIS Sample No. B21VV3 DUP B21VV4 B21VV2 B21VV1 B21VVO

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/19/2009 9/22/2009 9/19/2009 9/19/2009 9/19/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 12

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 12 12 29 20

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 9 10 11 12 13

Sample Locationa 136673/566181 136673/566192 136673/566202 136673/566213 136673/566223

HEIS Sample No. B21VT9 B21VT8 B21VT7 B21VT6 B21VT5

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/19/2009 9/19/2009 9/19/2009 9/19/2009 9/21/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 36 12 12 <10 45

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 17 <10 <10 <10 18

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 29 29 24 31 14

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 14 15 16 17 18

Sample Locationa 136673/566234 136694/566124 136694/566135 136694/566145 136694/566156

HEIS Sample No. B21VT4 B21VW2 B21VW3 B21VW4 B21VW5

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/21/2009 9/22/2009 9/21/2009 9/21/2009 9/21/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 48 <10 <10 <10 19

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 12 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 28 <10 17 <10 37

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 19 20 21 22 23

Sample Locationa 136694/566166 136694/566175 136694/566186 136694/566196 136694/566207

HEIS Sample No. B21VW6 B21VW7 B21VW9 B21VXO B21VX1

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/21/2009 9/21/2009 9/22/2009 9/21/2009 9/19/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 13 16 <10 16 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 29 43 14 18 32

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 24 25 26 27 27 Lab Dup

Sample Locationa 136737/566101 136736/566111 136735/566121 136734/566131 136734/566131

HEIS Sample No. B21VY8 B21VY7 B21VY6 B21VY4 B21VY4 DUP

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/20/2009 9/20/2009 9/22/2009 9/20/2009 9/20/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 805 1,368

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 15 <10 <10 117 69

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 18 18

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 27 Field Dup 28 29 30 31

Sample Locationa 136734/566131 136734/566142 136732/566153 136732/566162 136732/566172

HEIS Sample No. B21VY5 B21VY3 B21VY2 B21VY1 B21VYO

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/22/2009 9/20/2009 9/20/2009 9/20/2009 9/20/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 298 47 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform 125 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 23 30 29 11 26

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 32 33 34 35 36

Sample Locationa 136731/566183 136730/566193 136729/566204 136728/566214 136727/566224

HEIS Sample No. B21VX8 B21VX7 B21VX6 B21VX5 B21VX4

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/16/2009 9/16/2009 9/16/2009

Date Analyzed 9/20/2009 9/22/2009 9/19/2009 9/22/2009 9/22/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride 25 <10 13 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 33 41 51 26 14

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 37 38 39 40 41

Sample Locationa 136726/566235 136726/566244 136833/566099 136833/566109 136833/566120

HEIS Sample No. B21VX3 B21VX2 B21W25 B21W24 B21W23

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/16/2009 9/16/2009 9/17/2009 9/17/2009 9/17/2009

Date Analyzed 9/22/2009 9/19/2009 9/20/2009 9/20/2009 9/20/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 13 19 12 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 42 43 44 45 46

Sample Locationa 136833/566129 136833/566141 136833/566150 136833/566160 136833/566170

HEIS Sample No. B21W22 B21W21 B21W20 B21W19 B21W18

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/17/2009 9/17/2009 9/17/2009 9/17/2009 9/17/2009

Date Analyzed 9/20/2009 9/20/2009 9/20/2009 9/20/2009 9/20/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene 14 12 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 47 48 49 50 51

Sample Locationa 136833/566181 136833/566190 136833/566202 136833/566213 136833/566223

HEIS Sample No. B21W17 B21W16 B21W15 B21W14 B21W13

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/17/2009 9/17/2009 9/17/2009 9/17/2009 9/17/2009

Date Analyzed 9/20/2009 9/20/2009 9/20/2009 9/20/2009 9/20/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 <10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3 218-W-3 218-W-3 218-W-3

Sample Point 52 52 Lab Dup 52 Field Dup 53 54

Sample Locationa 136833/566233 136833/566233 136833/566233 136833/566243 136834/566248

HEIS Sample No. B21W11 B21W11 DUP B21W12 B21W10 B21W09

Date Deployed 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

Date Retrieved 9/17/2009 9/17/2009 9/17/2009 9/17/2009 9/17/2009

Date Analyzed 9/20/2009 9/20/2009 9/20/2009 9/22/2009 9/22/2009

COMPOUNDS ng/sample ng/sample ng/sample ng/sample ng/sample

1,1-Dichloroethane <10 <10 <10 <10 <10

1,1-Dichloroethene <10 <10 <10 <10 <10

1,1,1-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichloroethane <10 <10 <10 <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10 <10 <10 <10

1,1,2,2-Tetrachloroethane <10 <10 <10 <10 <10

1,2-Dichlorobenzene <10 <10 <10 <10 <10

1,2-Dichloroethane <10 <10 <10 <10 <10

cis-1,2-Dichloroethene <10 <10 <10 <10 <10

trans-1,2-Dichloroethene <10 <10 <10 <10 <10

1,2-Dichloropropane <10 <10 <10 <10 <10

1,2,4-Trimethylbenzene <10 <10 <10 <10 <10

1,3-Dichlorobenzene <10 <10 <10 <10 <10

2,4-Dinitrotolueneb -- -- -- -- --

2-Butanone <10 <10 <10 <10 <10

2-Hexanone <10 <10 <10 <10 <10

2-Methylphenol <10 <10 <10 <10 <10

4-Methylphenol <10 <10 <10 <10 <10

Benzene <10 <10 <10 <10 <10

n-Butanol <10 <10 <10 <10 <10

n-Butylbenzene <10 <10 <10 <10 <10

Carbon tetrachloride <10 <10 <10 <10 <10

Chlorobenzene <10 <10 <10 <10 <10

Chloroform <10 <10 <10 <10 <10

Dichloromethane <10 <10 <10 <10 <10

Ethylbenzene <10 <10 <10 <10 <10

Naphthalene <10 <10 <10 <10 <10

Tetrachloroethene <10 <10 <10 <10 10

Toluene <10 <10 <10 <10 <10

Trichloroethene <10 <10 <10 <10 <10

m-, p-Xylene <10 <10 <10 <10 <10

o-Xylene <10 <10 <10 <10 <10
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Table C-1. Analytical Results for Stage 4 Samples

Burial Ground 218-W-3 218-W-3

Sample Point 55 56

Sample Locationa 136842/566114 136825/566238

HEIS Sample No. B21W26 B21W08

Date Deployed 9/10/2009 9/10/2009

Date Retrieved 9/17/2009 9/17/2009

Date Analyzed 9/20/2009 9/20/2009

COMPOUNDS ng/sample ng/sample

1,1-Dichloroethane <10 <10

1,1-Dichloroethene <10 <10

1,1,1-Trichloroethane <10 <10

1,1,2-Trichloroethane <10 <10

1,1,2-Trichlorotrifluoroethane <10 <10

1,1,2,2-Tetrachloroethane <10 <10

1,2-Dichlorobenzene <10 <10

1,2-Dichloroethane <10 <10

cis-1,2-Dichloroethene <10 <10

trans-1,2-Dichloroethene <10 <10

1,2-Dichloropropane <10 <10

1,2,4-Trimethylbenzene <10 <10

1,3-Dichlorobenzene <10 <10

2,4-Dinitrotolueneb -- --

2-Butanone <10 <10

2-Hexanone <10 <10

2-Methylphenol <10 <10

4-Methylphenol <10 <10

Benzene <10 <10

n-Butanol <10 <10

n-Butylbenzene <10 <10

Carbon tetrachloride <10 <10

Chlorobenzene <10 <10

Chloroform <10 <10

Dichloromethane <10 <10

Ethylbenzene <10 <10

Naphthalene <10 <10

Tetrachloroethene 11 <10

Toluene <10 <10

Trichloroethene <10 <10

m-, p-Xylene <10 <10

o-Xylene <10 <10

a. Sample locations are Washington State Plane coordinates and shown as Northing/Easting in meters.
b. Compound was not analyzed.
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METRIC CONVERSION CHART

If You Know

Length

inches

inches
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1.0 INTRODUCTION

This sampling and analysis plan (SAP) has been developed to determine whether contaminants
have been released to the vadose zone from retrievably stored waste' in the 218-W-4C Burial
Ground in the 200 West Area of the Hanford Site. This investigation is in response to applicable
portions of the Washington State Department of Ecology (Ecology) Administrative Order
No. 03NWPKW-5494, as amended.

This SAP is based on the sampling design developed during a data quality objective (DQO)
process that was conducted specifically to plan the 218-W-4C sampling in response to
Administrative Order No. 03NWPKW-5494, as amended. The results of the DQO process are
summarized in Section 1.3.

The DQO process conducted to plan the 218-W-4C sampling in response to Administrative
Order No. 03NWPKW-5494, as amended, was based in part on the DQO process that was
performed for Step I of the 200-PW-1 Plutonium/Organic-Rich Process Condensate/Process
Waste Group Operable Unit (200-PW-1 Operable Unit [OU]) dispersed carbon tetrachloride
vadose zone plume remedial investigation (BHI-01544, Remedial Investigation Data Quality
Objective Summary Report for the 200-P W-1 Operable Unit Dispersed Carbon Tetrachloride
Vadose Zone Plume - Step 1).

During the field investigation performed for Step I of the dispersed carbon tetrachloride plume
investigation in the 218-W-4C Burial Ground, carbon tetrachloride was detected in vapor
samples collected through vent risers in the three trenches (T-01, T-04, and T-07) that were
investigated. Elevated carbon tetrachloride concentrations (greater than 10 ppmv) were detected
in four vent risers at the east end of Trench T-04 (CP-13514, 200-P W-1 Operable Unit Report on
Step I Sampling and Analysis of the Dispersed Carbon Tetrachloride Vadose Zone Plume).
Carbon tetrachloride also was detected in soil vapor samples collected from the shallow vadose
zone near the east end of Trench T-04. The DQO process for Step II of the 200-PW-1 OU
dispersed carbon tetrachloride vadose zone plume also includes plans for follow-on
investigations in the 218-W-4C Burial Ground, which are planned to be conducted in fiscal
year 2004.

Figure 1-1 shows the locations of the 200 West Area on the Hanford Site and of the
218-W4C Burial Ground in the 200 West Area. Figure 1-2 shows the trenches in the
218-W-4C Burial Ground.

1.1 BACKGROUND

The 218-W-4C Burial Ground is located inside the 200 West Area fenced boundary and consists
of 15 trenches ranging from 91 m to 219 m (300 fi to 719 ft) long. The 218-W-4C Burial
Ground is located in the low-level burial grounds Resource Conservation and Recovery Act

' retrievably stored for purposes of the Atomic Energy Act of 1954
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Figure 1-1. Locations of the 200 West Area on the Hanford Site and of the 218-W-4C Burial
Ground in the 200 West Area.
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Figure 1-2. Location of the Trenches in the 218-W-4C Burial Ground.
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of 1976 (RCRA) treatment, storage, and disposal unit. The 218-W-4C Burial Ground also is
included in the Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA) 200-SW-2 Radioactive Landfills and Dumps Group OU (DOE/RL-98-28, 200
Areas Remedial Investigation/Feasibility Study Implementation Plan - Environmental
Restoration Program). The CERCLA remedial investigation for the 200-PW-1 OU dispersed
carbon tetrachloride vadose zone plume includes sampling within the 218-W-4C Burial Ground.

The 218-W4C Burial Ground began accepting packaged waste materials from 200 West Area
operations, other Hanford Site areas, and from offsite sources in 1978. According to the Solid
Waste Information Tracking System, the 218-W-4C Burial Ground currently contains
approximately 21,916 m3 (773,956 ft) of low-level; transuranic (TRU) 2, and mixed waste. TRU
waste has been segregated from other burial ground waste since 1970. TRU waste is placed in
separate burial trenches and/or areas of burial trenches.

In the 218-W4C Burial Ground, Trenches T-0l, T-04, T-07, T-20, T-24, and T-29 contain
suspect TRU retrievable waste (Figure 1-2). This waste is placed in modules on asphalt pads.
A module contains approximately 7.3 m x 7.3 m x 3.7 m (24 ft x 24 ft x 12 ft)-high stacks of
208 L (55-gal) drums or other packages including 416 L (110-gal) drums, boxes, and steel and
concrete casks. Some asphalt pads are constructed much like a road with a high point in the
center and a slight curve from the center to the sides to allow water from precipitation to run off
away from the containers (WHC-EP-0912, The History ofthe 200 Area Burial Ground
Facilities). Other asphalt pads may be flat, may include curbs along the sides, may be uniformly
sloped in one direction perpendicular to the long axis of the trench, and/or may be uniformly
sloped in one direction parallel to the long axis of the trench. The asphalt layer typically overlies
a gravel layer.

During the latter part of calendar year 1979 and the early part of 1980, a heavy snowfall and
rapid melting caused flooding within some of the 218-W4C trenches. Drums were observed to
be floating in Trench T-04 and were recovered undamaged (WHC-EP-0225, Contact-Handled
Waste Characterization Based on Existing Records).

When 208 L (55-gal) drums were placed in modules, they were typically arranged 12 drums
wide by 12 drums deep by 4 drums high. Flame retardant 0.64 cm (0.25-in.)-thick plywood
sheets were placed to separate the layers of drums and other packages. When modules were
completed, they were covered with 30 mL (1 -oz) polyvinyl chloride (PVC) laminated nylon
sheeting and then a 1.9 cm (0.75-in.)-thick plywood sheet. One or two 6.1 m (20-f1)-long,
5.1 cm (2-in.)-diameter rigid PVC vent pipes were inserted through the plastic sheeting and taped
to it. These plastic vent pipes, which extend to the bottom of the modules, are cut at a 45-degree
angle where they meet the asphalt. The pipes are open to the drum atmosphere for air sampling.
A 1.2 m (4-ft)-thick soil cover then was put in place. During earth-covering operations, some of
the pipes became bent or sheared (WHC-EP-0912). Later, notches were added to these vent riser
pipes so that air samples could be taken at each tier level. Modules could be small groups of
containers or could cover an entire asphalt pad (RHO-MA-222, Hanford Radioactive Solid

2 Waste materials contaminated with 100 nCi/g of transuranic materials having half-lives longer than 20 years.
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Waste Packaging, Storage and Disposal Requirements, and RHO-CD-78, Assessment of
Hanford Burial Grounds and Interim TRU Storage).

Trench 1 also contains drums of soil mined from the 216-Z-9 Trench, noncombustible TRU
waste, and approximately 500 cans of ash received in the early 1980's. The soil in the drums
from the 216-Z-9 Trench was contaminated with plutonium. The ash was generated by the
Contaminated Waste Recovery Facility (232-Z) that incinerated miscellaneous waste
(e.g., rubber gloves, rags, paper, spent solvent, and cutting oils) no longer usable in the Z Plant
complex at 700 *C to 800 *C (1,292 *F to 1,444 *F) (CCN 092730, "Discussion Notes with PFP
Personnel"). In addition to retrievable waste, Trench 4 contains drums of assorted combustible
TRU waste and one module of noncombustible TRU waste.

Trench 7 was excavated at the location of a former waste site. The Z Plant Burning Pit was a
disposal site for combustible nonradioactive construction, office, and non-hazardous laboratory
waste, including unnamed chemicals. The burn pit is reported to have received 2,000 m3

(70,000 ft) of waste for burning, including 'less than' 1,000 M3 (35,000 f1) of laboratory
chemicals. The burning pit was 15 m (50 ft) long, 12 m (40 ft) wide, and 3 m (10 ft) deep. The
burning pit was used from 1950 to 1960. It was exhumed during the excavation of Trench 7 in
218-W-4C (Waste Information Data System [WIDS]; PNL-6456, Hazard Ranking System
Evaluation of CERCLA Inactive Waste Sites at Hanford; and DOEIRL-91-58, Z Plant Source
Aggregate Area Management Study Report).

Areas of the TRU-retrievable-waste trenches are known to have subsided, or to have the
potential to subside, after placement of the waste containers. The condition of the waste
containers in these subsidence areas is unknown.

In 1981, soil corrosion at the Hanford Site was estimated. Based on the measurements and
observations of steel pipes and drums retrieved from soil, a corrosion rate of 5 mils per year for
uncoated or ungalvanized steel was predicted. A 1991 evaluation considered that this estimate
could be somewhat conservative for stacked, painted drums and does not provide for the variable
nature of corrosion. A better approximation of the range of expected corrosion of painted drums
in soil is estimated to be 2.5 to 7.5 mils per year for U.S. Department of Transportation (DOT)
17H and 17C drums with 0.050 and 0.062 in. of steel-wall thickness, respectively. This range
would yield a theoretical penetration in approximately 7 to 20 years for DOT 17H drums and
8 to 25 years for DOT 17C drums, depending on drum condition (WHC-EP-0225).

The integrity of drums in asphalt-pad storage was inspected in 1982 using visual and ultrasonic
techniques for drums stored approximately 8.5 years. Module #3 of Trench T-01 and Module #8
of Trench T-04, both in the 218-W4C Burial Ground, were examined. Remote viewing was
conducted using a fiber optic-illuminated borescope. Ultrasonic measurements were taken using
a digital thickness gauge with a 10-MHz dual-element transducer and gel couplant. At
Trench T-01, 43 drums were surveyed ultrasonically and 20 additional drums were inspected
visually. At Trench T-04, 47 drums were surveyed ultrasonically and an additional 84 drums
were inspected visually (WHC-EP-0225 and WHC-SA-3019-FP, Degradation of Transuranic
Waste Drums in Underground Storage at the Hanford Site).
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Corrosion was quantitatively assessed by comparing the difference between the ultrasonic
readings of intact painted drums and those of drums in Trenches T-0l and T-04. Readings were
taken at five different locations on each drum including the top lid, between the first and second
rolling hoops, second and third rolling hoops, third rolling hoop and bottom chime, and at the
chime just above the bottom of the drum (WHC-EP-0225 and WHC-SA-3019-FP).

More than three-quarters of the drums inspected had appreciable areas where paint had flaked off
or corrosion had begun. However, these areas represented less than 10% of the total drum
surface. Drum surfaces in direct contact with the nylon sheet were visibly rusted to a greater
extent than other parts of the drum. Remote viewing showed that drum surfaces in the interior of
the drum stacks within the module were similar to those on the exterior. Drums at the bottom of
the module stack were more corroded than those at the top, and moisture accumulation was
detected on the surface of the asphalt pad. One breached drum was found in Trench T-04. The
drum's surface was encrusted with sandy material. The maximum rate of corrosion was
calculated to be 2 mils per year (WHC-EP-0225 and WHC-SA-3019-FP).

Burial Ground Sampling

In 1996 vent riser sampling was conducted at the 218-W-4C Burial Ground to determine the type
and concentration of volatile organic compound emissions. Grab samples were collected with
evacuated SUMMA 3 canisters from the upper portion of vent risers at Trenches T-0l, T-04,
T-07, and T-20. A background sample was collected at the center of each trench, and upwind
and downwind samples were collected along the fence line. The samples were analyzed using a
modified U.S. Environmental Protection Agency (EPA) Method TO-14, "Volatile Organic
Compounds (VOCs) in Ambient Air Using SUMMA Canister Sampling and Gas
Chromatography (GC) Analysis" (EPA/600/4-89/017, Compendium ofMethodsfor the
Determination of Toxic Organic Compounds in Ambient Air), for gas chromatography separation
and detection by mass spectrometer. The analytical system was calibrated for 36 target organic
compounds. All four trenches sampled in the 218-W-4C Burial Ground showed elevated
concentrations of several chlorinated volatile organic compounds including carbon tetrachloride,
chloroform, tetrachloroethylene, trichloroethylene, 1,1,1-trichloroethane, and
chlorofluorocarbons. The highest carbon tetrachloride concentrations were measured in Trench
T-04 (1,183 ppbv) and Trench T-07 (2,062 ppbv). Alcohols, ketones, and aromatic compounds
also were detected, but at concentrations of less than 50 ppbv (HNF-SD-WM-RPT-309, Report
on Sampling and Analysis ofAir at Trenches 218-W-4C and 218-W-5 #31 ofthe Low-Level
Burial Grounds).

In 2002, sampling was conducted in the 218-W-4C Burial Ground as part of the CERCLA
remedial investigation of the dispersed carbon tetrachloride vadose zone plume in the
200-PW-1 OU. The results of the sampling summarized in this section and on the associated
figures are provided in more detail in CP-13514, the report on the field investigation. The
sampling was conducted in three phases. During the first phase, conducted in May 2002, vapor
samples were collected through vent risers that generally were aligned with the centers of
Trenches T-O1, T-04, and T-07. Most of the samples were collected near the base of the trench,

'SUMMA is a trademark of Moletrics, Inc. Cleveland, Ohio.
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which is typically approximately 5 m (16 fi) below the engineered surface overlying the trench.
Vapor samples were collected in I L Tedlar4 bags for field screening analysis using a photo
acoustic multi-gas analyzer. The only contaminant of concern for this 200-PW-1 OU
investigation was carbon tetrachloride, which was detected at all but one of the 27 vent risers
sampled. Most of the detections were less than 10 ppmv, but a distinct hot spot with a maximum
concentration of 1,760 ppmv was detected at the east end of Trench T-04. Figure 1-3 shows the
locations of the vent risers sampled in Trench T-04 and the detected concentrations.

Although carbon tetrachloride was the only contaminant of concern for this investigation, the
samples also were analyzed for chloroform, which is the degradation product of carbon
tetrachloride that was considered most likely to be detected. Most of the detections of
chloroform also were less than 10 ppmv, with the exceptions of one vent riser near the midpoint
of Trench T-04 and vent risers at the east end of Trench T-04 (Figure 1-3) and one vent riser in
Trench T-07. The field-screening instrument used for this analysis was calibrated at the factory
using 3 calibration standards for chloroform: 118, 327, and 1,950 ppmv. Because the low
concentrations of chloroform are considerably below the 3-point calibration curve for
chloroform, a conclusion cannot be drawn regarding the actual concentration, or even the
occurrence, of chloroform at most sampling locations.

During the second phase, conducted in August 2002, a GeoProbe5 sampler was used to collect
samples at 12 locations in the vadose zone adjacent to the trenches to a maximum depth of 7.6 m
(25 fl) below ground surface. The 12 locations were selected based on the results of the vent
riser sampling. Carbon tetrachloride was detected in soil vapor samples collected at sites 1, 2, 4,
6, and 12 (Figure 1-4). The maximum carbon tetrachloride concentration detected was
62.1 ppmv at a depth of3.8 m to 4.1 m (12.4 ft to 13.4 ft) at site 2.

During the third phase, conducted in September 2002, a cone penetrometer (CPT) was used to
collect soil vapor samples from the five sites where carbon tetrachloride was detected during
sampling using the GeoProbe sampler. Samples were collected at the elevation corresponding to
the base of the nearest trench and at other depths selected to provide a vertical concentration
profile. Maximum sample depth using the CPT was based on the depth where refusal was
encountered. Carbon tetrachloride was detected in soil vapor samples collected at all five sites
(Figure 1-5). The maximum carbon tetrachloride concentration detected was 45.8 ppmv at a
depth of 3.0 m (10 fl) below ground surface at site 2.

Three temporary soil vapor probes were installed for periodic monitoring to confirm these initial
detections. Two probes are installed at site 2, at depths of 2.7 m to 2.9 m (8.9 to 9.4 ft) and
10.5 m to 10.6 m (34.3 to 34.8 R) below ground surface, and one probe is installed at site 6 at a
depth of 9.3 m to 9.4 m (30.5 to 31.0 f) below ground surface. Monitoring was conducted four
times between December 2002 and July 2003. The highest carbon tetrachloride concentration
detected was 48 ppmv from the shallower probe at site 2.

4 Tedlar is a registered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware.

' GeoProbe is a registered trademark of GeoProbe Systems, Salinas, Kansas.
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Figure 1-3. Results of Vent Riser Sampling at 218-W-4C Burial Ground Trench 4,
May 2002.
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Figure 1-5. Carbon Tetrachloride Concentrations in Vadose Zone Samples Collected at the
218-W-4C Burial Ground Using the Cone Penetrometer, September 2002.
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Follow-on characterization of the carbon tetrachloride contamination will be conducted in the
218-W-4C Burial Ground as part of Step II of the 200-PW-1 OU remedial investigation of the
dispersed carbon tetrachloride vadose zone plume.

1.2 CONTAMINANTS OF CONCERN

Contaminants of concern (COC) for sampling and analysis at the 218-W-4C Burial Ground in
response to Administrative Order No. 03NWPKW-5494, as amended, were developed through
the DQO process conducted to support development of this SAP (CP-16886, DQO Summary
Report for the 218-W-4C Burial Ground Contaminant Release Investigation).

For the vent riser vapor sampling and vadose zone soil vapor sampling, the COCs will include
only volatile organic constituents. Substrate soil sampling in the first 15.2 cm (6 in.) of native
soils will be for suites of RCRA constituents that include metals (including mercury), volatile
organic compounds (VOC), and semivolatile organic compounds (SVOC) and for a suite of
CERCLA radiological constituents that are not the subject of the corrective action taken under
Administrative Order No. 03NWPKW-5494, as amended. Source, special nuclear, and
byproduct materials, as defined by the Atomic Energy Act of 1954, as amended, are excluded
from the RCRA definition of solid waste. Such materials at the Hanford Site are subject to
management under the sole authority of the U.S. Department of Energy (DOE), even when
commingled with a hazardous component that is subject to regulation under the "Washington
State Hazardous Waste Management Act of 1976." Accordingly, any procedures, methods, data,
or information provided to regulatory agencies contained in this document that relate solely to
radionuclides or to the radioactive component of mixed waste are for information purposes only
and are outside the scope of the regulatory agencies' authority. Radionuclides, when they are
COCs, may be regulated pursuant to CERCLA cleanup actions. The radionuclides discussed in
this SAP are regulated pursuant to the Atomic Energy Act of 1954 and CERCLA in accordance
with responsible agency protocols.

To identify and quantify the metals, VOCs, and SVOCs, full-suite analytical methods will be
used. For example, vapor and soil vapor samples will be analyzed for VOCs using a modified
EPA Method TO-14 (EPA/600/4-89/017) or TO-15 (EPA/625/R-96/010b, Compendium of
Methodsfor the Determination of Toxic Organic Compounds in Ambient Air), which can identify
individual VOCs in vapor mixtures. This is similar to the analytical method used to analyze the
vent riser samples collected at the 218-W-4C Burial Ground in 1996 (HNF-SD-WM-RPT-309).
Soil samples will be analyzed for VOCs using SW-846 Method 8260 (SW-846 Test Methodsfor
Evaluating Solid Waste: Physical/Chemical Methods). Tentatively identified compounds (TIC)
also will be qualitatively identified by the full-suite analyses for VOCs and SVOCs and will be
reported for evaluation. Soil samples will be analyzed for radionuclides by the appropriate
laboratory methods used for individual isotopes and classes of radionuclides of concern. The
COCs for vapor, soil vapor, and soil are listed in Tables 1-1 through 1-3, respectively.
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Table 1-1. Contaminants of Concern for Vent Riser Vapor Sampling.
Volatile Organic Compounds
Field screening analysis for carbon tetrachloride and up to 8 additional VOCs using lnnova* multi-gas analyzer or
field-based gas chromatograph

Laboratory analysis for full suite of VOCs using GC/MS (EPA Method TO-14 (EPA/600/4-89/017] or TO-15
[EPA/625/R-96/010b])

*Innova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.
EPA/600/4-89/017, 1988, Compendium of Afethodsfor the Determination of Toxic Organic Compounds in Ambient Air.
EPA/625/R-96/0 lOb, 1999, Compendium of Aethodsfor the Determination of Toxic Organic Compounds in Ambient Air,

Second Edition.
GC/MS - Gas chromatography/mass spectrometry.
VOC - Volatile organic compound.

Table 1-2. Contaminants of Concern for Vadose Zone Soil Vapor Sampling.
Volatile Organic Compounds

Field screening analysis for carbon tetrachloride and up to 8 additional VOCs using Innova* multi-gas analyzer or
field-based gas chromatograph

Laboratory analysis for full suite of VOCs using GC/MS (EPA Method TO-14 [EPA/600/4-89/017] or TO-15
[EPA/625/R-96/010b])

*innova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.
EPA/600/4-89/017, 1988, Compendium of Aethods for the Determination of Toxic Organic Compounds in Ambient Air.
EPA/625/R-96/010b, 1999, Compendium ofAlethodsfor the Determination of Toxic Organic Compounds in Ambient Air,

Second Edition.
GC/MS - Gas chromatography/mass spectrometry.
VOC - Volatile organic compound.

Table 1-3. Contaminants of Concern for Substrate Soil Sampling.

Metals

Laboratory analysis for full suite of metals using inductively coupled plasma (SW-846 Method 6010 or EPA
Method 200.8) and for mercury (SW-846 Method 7471 or EPA Method 200.8)

Volatile Organic Compounds
Laboratory analysis for full suite of VOCs using GC/MS (SW-846 Method 8260)

Semivolatile Organic Compounds

Laboratory analysis for full suite of SVOCs using GC/MS (SW-846 Method 8270)

Radionuclides
Laboratory analyses and isotopic analyses for radionuclides (isotopic americium (AEA), isotopic plutonium
(AEA), isotopic uranium (AEA), total radioactive strontium (GPC), technetium-99 (LSC), cesium-137 (GEA),
cobalt-60 (GEA), europium-152 (GEA), europium-154 (GEA), europium-155 (GEA)

EPA/600/4-79/020, 1983, Aethods ofAnalysis of Water and Waste.
SW-846, 1997, Test Afethodsfor Evaluating Solid Waste: Physical/Chemical Methods, Update Ill.
AEA - Alpha energy analysis. LSC - Liquid scintillation counting.
GEA - Gamma energy analysis. SVOC - Semivolatile organic compound.
GC/MS - Gas chromatography/mass spectrometry. VOC - Volatile organic compound.
GPC - Gas proportional counting.
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Because of age, exposure to elements, and composition, the asphalt pads and/or PVC vent risers
may have degraded, producing off-gases that contain VOCs. Degradation products might
include aliphatic hydrocarbons (straight-chain carbon and hydrogen organics such as butane and
trimethyl hexane) and polyaromatic hydrocarbons (cyclic carbon and hydrogen organics such as
benzene, toluene, and xylene). Chlorinated VOCs are not likely to off-gas from either PVC
resins or asphalt pads under normal temperature and pressure conditions. Water from
precipitation that interacts with the PVC resins and asphalt pads is unlikely to leach VOCs into
the environment. However, solvents that interact with the PVC resins and asphalt pads could
leach chemical constituents including methyl ethyl ketone, chlorine, sulfur, heavy metals (lead
and cadmium), and additional VOCs such as polyaromatic and aliphatic hydrocarbons.

1.3 DATA QUALITY OBJECTIVES

The DQO process used to support the development of this SAP followed EPA/600/R-96/055,
Guidance for the Data Quality Objectives Process. The DQO process is a strategic planning
approach that provides a systematic process for defining the criteria that a data collection design
should satisfy. Using the DQO process ensures that the type, quantity, and quality of
environmental data used in decision-making will be appropriate for the intended application.

This section summarizes the key outputs resulting from the implementation of the seven-step
DQO process. Additional details are included in the DQO summary report (CP-1 6886).

1.3.1 Statement of the Problem

To assess whether contaminant releases to the environment have occurred in the
218-W-4C Burial Ground, data regarding concentrations of COCs in the vent risers and substrate
soils are needed, in accordance with the Administrative Order No. 03NWPKW-5494, as
amended.

1.3.2 Decision Rules

Decision rules are developed from consideration of the principal study questions, decision
statements, remedial action alternatives, data needs, COC action levels, analytical requirements,
and scale of the decisions. Decision rules are structured as "IF...THEN" statements that indicate
the action that will be taken when a prescribed condition is met. Decision rules incorporate the
parameters of interest (e.g., COCs), the scale of the decision (e.g., location), the preliminary
action level (e.g., COC concentration), and the resulting actions. The decision rules developed
during the DQO process for sampling at the 218-W-4C Burial Ground in response to
Administrative Order No. 03NWPKW-5494, as amended, support decision-making for the
218-W-4C Burial Ground (CP-16886). The decision rules are summarized in Table 1-4.
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Table 1-4. Decision Rules.

DR # Decision Rule
If the VOC vapor concentrations sampled through the vent risers in the 218-W-4C Burial Ground
trenches are greater than the compound-specific detection limits* for the analytical equipment, then

I add the detected VOCs to the COC list for sampled trenches and use the detected (or maximum
detected) concentrations to identify the locations for subsequent asphalt pad surveys; otherwise, do not
add to the COC list or identify survey locations.

If the asphalt pad beneath the buried waste has visual indications of degradation from contact with
organic solvents, and/or the detected VOC vapor concentrations on the asphalt pad are greater than the

2 compound-specific detection limits' for the analytical equipment, and/or the detected radiological
activity on the asphalt pad is greater than the detection limits of the field detector, then use the hot spot
locations to guide substrate soil characterization beneath the asphalt pad, otherwise, hot spot locations
are not available to guide substrate soil characterization.

If the VOC soil vapor concentrations in the surface soil around the perimeter of the asphalt pad are
greater than the compound-specific detection limits' for the analytical equipment, and/or the detected
radiological activity in the surface soil around the asphalt pad is greater than the detection limits of the
field detector, then use those locations to guide substrate soil vapor characterization in the soils around
the perimeter of the asphalt pad, otherwise, hot spot locations are not available to guide substrate soil
characterization.

If the detected chemical or radiological constituent concentrations in the substrate soils beneath the
asphalt pad are greater than the action levels in Table 2-2, then decision makers will evaluate the need

4 for additional characterization deeper in the vadose zone through the cleanup processes set forth in
RCRA and/or CERCLA and add the identified COCs to the conceptual distribution model, otherwise,
decision makers will evaluate the data and decide against additional characterization deeper in the
vadose zone and adding COCs to the conceptual distribution model.

*Compound-specific detection limits per Tables 2-1 and 2-2, respectively, in this SAP
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980.
COC - Contaminant of concern.
RCRA = Resource Conservation and Recovery Act of 1976.
VOC = Volatile organic compound.

1.3.3 Error Tolerance and Decision Consequences

Because analytical data can only estimate the true condition of the site under investigation,
decisions that are made based on measurement data potentially could be in error (i.e., decision
error). For sampling designs that are statistically based, statistical methods normally used to
quantify uncertainty can be used to probabilistically determine decision errors. For sampling
designs that are nonstatistically based (i.e., judgmental), uncertainty is evaluated qualitatively to
estimate decision error.

The locations of the vent risers in the 218-W-4C Burial Ground trenches are an artifact of the
burial ground design and were not determined by a statistical sampling design. Therefore, the
sampling design for vapor sampling through vent risers is nonstatistical. The uncertainty
associated with the decisions to be made based on determining whether the vapors in the vent
risers are contaminated with VOCs is considered to be relatively low. The concentrations
sufficient to identify VOCs in vapor are above decision-making thresholds, which would
minimize the probability of making decision errors. Because many organic vapors are denser
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than air, sampling from the bottom of the vent riser near the base of the trench will sample from
the area most likely to contain contaminated vapors.

A focused sampling approach will be used to identify locations for soil vapor sampling adjacent
to the asphalt pad and for soil vapor and soil sampling beneath the asphalt pads. Sampling
locations will be based on visual observations and the results of the previous vapor and soil
vapor sampling. The uncertainty associated with the decisions to be made based on determining
whether the substrate soils are contaminated is considered to be relatively low. The visual
observations and surveys of the asphalt pad and the soil vapor sampling in the perimeter soils are
likely to indicate any potential areas of contamination under the asphalt pad.

A hot-spot sampling design may be used to identify locations for soil vapor sampling adjacent to
the asphalt pads in the absence of any observational data or previous sampling (Appendix A).
The hot-spot sampling design is a form of random sampling. The shape of the elliptical target of
interest and the chance of missing an existing hot spot are specified. Once these specifications
are made, an estimate of the grid spacing required to detect a hot spot within the desired
specification can be made, The location of the first grid node is chosen randomly and the grid is
laid out from there. The decision makers must specify the length of the semi-major axis of the
smallest hot spot important to detect, the expected shape of the elliptical target, and an
acceptable probability of not finding the hot spot. The probability of not finding a hot spot is
equivalent to the false positive decision error (i.e., determining that no COCs are present in the
soil vapor because no hot spot was found when a hot spot actually exists). For the purpose of
this investigation, the proposed length of the semi-major axis is 5 m (16 ft), the proposed shape
of the elliptical target is an ellipse with a major axis to semi-major axis ratio of 1:0.8, and the
proposed acceptable probability of not finding a hot spot is 10%.

1.3.4 Sample Design Summary

This summary provides the basis for the sampling design. The details of the sampling design are
presented in Section 3.

The sampling design presented in this SAP was developed during the DQO process (CP-16886)
in response to the Administrative Order No. 03NWPKW-5494, as amended. The primary
elements of the sampling design, as specified in Administrative Order No. 03NWPKW-5494, as
amended, are vapor sampling through vent risers in the trenches before waste retrieval and
characterization of the substrate soils beneath the trenches following waste retrieval. This
investigation applies only to the retrievably stored suspect TRU waste in the trenches in the
218-W-4C Burial Ground (the portions of the trenches indicated in Figure 1-2).

Resources in the sampling design are focused in areas with the highest potential for detecting the
burial ground COCs and moving to additional sampling in a focused manner. This calls for a
three-step sampling design. In Step I, this approach targets the vent risers in the
218-W-4C Burial Ground trenches, an activity expected to have the lowest degree of uncertainty
and the lowest cost. In Step II, the sampling design shifts to the asphalt pad and adjacent soils.
Step III involves assessing the data collected in Steps I and II, leading to potential
characterization of the substrate soils beneath the asphalt pads.
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The Step I vent riser sampling will be conducted before waste retrieval. The Step II and Step III
sampling to characterize the substrate soils will be conducted when the asphalt pad in an entire
trench has become accessible and sampling will not interfere with waste retrieval operations.

Changes to the work scope detailed in the SAP may be required because of unexpected field
conditions, new information, health and safety concerns, or other unforeseen conditions. Minor
changes that have no adverse effect on the technical adequacy of the job (i.e., on the DQOs) or
schedule can be made in the field with approval by the project manager or assigned task lead and
be documented in the daily field logbook and/or field summary reports. Changes that affect
DQOs will require concurrence by the U.S. Department of Energy, Richland Operations Office
(RL), and the lead regulatory agency and can be documented through unit managers' meetings.
Alternatively, if substantial changes are required, the SAP can be revised with RL and regulator
approval.
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2.0 QUALITY ASSURANCE PROJECT PLAN

The quality assurance project plan (QAPjP) establishes the quality requirements for
environmental data collection, including sampling, field measurements, and laboratory analysis.
The QAPjP complies with the requirements of the following:

* Hanford Federal Facility Agreement and Consent Order Action Plan, Sections 6.5,
"Quality Assurance," and 7.8, "Quality Assurance," (Ecology et al. 1989a) as applicable

" EPA Requirements for Quality Assurance Project Plans (EPAI240/B-01/003)
(EPA QA/R-5), March 2001 as revised

* Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (SW-846 as
amended)

* Hanford Analytical Services Quality Assurance Requirements Documents
(DOE/RL-96-68).

To meet the site-specific needs for the 218-W-4C Burial Ground sampling and analysis
investigation in response to the Administrative Order No. 03NWPKW-5494, as amended, this
QAPJP identifies the following supplemental requirements, which were developed during the
DQO process and are described in this SAP.

* Analytical Performance. Requirements for detection limits, precision, and accuracy are
presented in Tables 2-1 and 2-2. The analytical methods also are presented in these
tables.

. Field Quality Control. The frequency and type of quality control (QC) samples to be
collected are addressed in Section 2.1.

. Sample Preservation, Containers, and holding Time. The requirements for the
specific test and laboratory methods are addressed in Section 2.3 and in Tables 2-3, 2-4,
and 2-5.

. Onsite Measurements Quality Control. The specific types of QC samples for onsite
measurements and the frequency of collection are addressed in Section 2.4.

. Data Validation and Usability. Specific validation requirements, including the
frequency and level of validation, are addressed in Section 2.6.

The following sections of the SAP will serve as the QAPjP for the 218-W-4C Burial Ground
sampling and analysis investigation.
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Table 2-1. Analytical Performance Requirements for Vapor and Soil Vapor Samples. (2 sheets)

Preliminary Action Lever Target Required

COC CAS#y Name/Analytical QUantltaton Limits Precision Vapor Vapor
Industrial GW Protection Technology Vapor (%)
(Og/kg) 1 ng/g

Field Screening Measurements

Carbon tetrachloride' 56-23-5 N/A N/A Organic Vapor Monitor I ppmv +/-25 75- 125

56-23-5 N/A N/A Innova multi-gas analyzer Ippmv +/-25 75-125
Carbon tetrachloride 56-23-5 N/A N/A Photovac I OS Plus gas 0.20 pmv +/-25 75-125

chromatograph

67-66-3 N/A N/A Innova multi-gas analyzer I ppmv +/- 25 75 - 125

67-66-3 N/A N/A 0.20 ppmv +/- 25 75 - 125

1-dichloroethane 75-34-3 N/A NIA 0.25 ppmv +/-25 75- 125

Tetrachloroethene 127-18-4 N/A N/A 0.25 ppmv +/-25 75-125

1,1,1-trichloroethane 71-55-6 N/A N/A PhotoVc OS Plus g0.15 ppmv +1-25 75-125

Methylene chloride 75-09-2 N/A N/A 0.10 ppmv +/-25 75-125

Trichloroethene 79-01-6 N/A N/A 0.10 ppmv +/-25 75-125

I1,2-trichloroethane 79-00-5 N/A N/A 0.10 ppmv +/-25 75-125

N)



Table 2-1. Analytical Performance Requirements for Vapor and Soil Vapor Samples. (2 sheets)
Prel~~naryActio LoveTarget Required A n

COC CAS #Acon Level' Name/Analytical Quandtadom Lmits Precision Vapor Acracy

Industrial GW Proetion Technology Vapor (%)
(_g/k) I ( /k)Vap

Laboratory Measurements

Full suite of VOCs Compound NIA N/A EPA Method TO-14 or 2 to 5 ppbv +/-25 70-130
S-specific I I TO-IS

'The preliminary action levels are N/A for this study (as noted in CP-16886).
'The organic vapor monitor will include an 11.8 eV lamp calibrated to carbon tetrachloride. The lamp will ionize and measure compounds with lower

ionization potentials, such as carbon tetrachloride (ionization potential of 11.47 cV). However, the total concentration measured may include other volatile
organic compounds with ionization potentials less than 11.8 eV.

'Innova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.
dPhotovac I OS Plus is a trademark of Photovac, Inc., Waltham, Massachusetts.
CP-l 6886, 2003, DQO Summay Reportfor the 218-W-4C Burial Ground Contaminant Release Investigation, Fluor Hanford, Inc., Richland, Washington.

t-j EPA/600/4-89/017, 1988, Compendium of~fethodsfor the Determination of Toxic Organic Compounds in Amblent Air, U.S. Environmental Protection C
Agency, Washington, D.C.

EPAI625/R-961010b, 1999, Compendium of Methodsfor the Determination of Toxic Organic Compounds inAmbient Air, Second Edition,
U.S. Environmental Protection Agency, Washington, D.C.

CAS - Chemical Abstract Services.
COC = Contaminant of concern.
N/A =notapplicable.
VOC = Volatile organic compound.



Table 2-2. Analytical Performance Requirements for Soil Samples. (4 sheets)
Prellainary Action Level' Target Required Quantitatlon Limits Precision Accuracy Precision Accuracy

COC CAS # TBC Industrial GW Protection NanselAnalytical Water' Cone. Soil-Other Coot Water Water Soll Soil
(pCI/g or (pCitg or Technoloy (pCi/ r mg/) (pCIg r mg/kg) (%) (%) (%) (%)

__ mg/kg) j mgtkg) (PC_ _ _ _ _ __or_ _ft

Field Screening Mlessurements - Radiological'

Am-24 I N/A N/A N/A PG-2 Nal detector N/A 5 pCi/g N/A N/A +/- 20 80- 120

Cs-137 N/A N/A NIA Portable Nal detector N/A 6.2 pCi/g N/A N/A +/-20 80-120

9Adpr A r09 cm'

Gross alpha N/A N/A N/A S Probe N/A 20 (fixed) N/A N/A +/-20 80- 120
DP6DB Probe (removable)

Metals

A,4im5nySW-846 Method 6010 or 0.06 6 +/-30 70- 130 +/-30 70- 130
Antimony 7440-36-0 70 24 EPA Method 200.8 (.CP) 10 +/-30 70 - _30 +/ 3 _7_ 1

Ba5 7 9 S4-8465Method, 6923or 0.1 20 +/-30 70-130 +/-30 70-130
Arsenic 7440-38-2 7.5 23. EPA Method 200.8 (!CP) _.005 _.5 +/ 30 7-3 + 70

C45mi0m 7442343-9 3,SWV846 Method 00 ) 0.2 0 +/-30 70-130 +/-30 70-130
Barium 7440-39-3 U4500092dEPA Method 200.8 0. +-30 70-130 /-30 70-130

7000 SW-846 Method 6010 or 0.005 0.5 +/-30 70- 130 +/-30 70- 130
Beryllium 17440-41-7 632 EPA Method 200.8 (ICP) ______ ___ ___ ___

3,0 .1d SW-846 Method 600 or 0.005 0.5 +/-30 70-130 +1-30 70-130
Cadmium 7440-43-9 ______ ______ EPA Method 200.8 (ICP) I________ I______ I________

Unlimited 2,000 SW-846 Method 6010 or 0.01 t +/-30 70-130 +1-30 70-130
Chromium 744047-3 EPA Method 20096 (4CP) ,./1

130,000 22d SV-846 Method 6010or 0.01 1+4-30 70-130 +-0 7-3
Coper 7440-50-S8 ______ ______ EPA Method 200.8 (ICP) +/-30 70-13

Ulmtd40 SW-846 Method 6010or 0.1 10 +/-30 70-130 +1-30 70-330
Lead 7439-92-1 Uniie14 EPA Method 200.8 (ICP) ____________________ ________

490,000 50.2 SW-846 Method 6010or 0.05 5 +/-30 70-130 +/-30 70-130
Magnee7439-96-5 1_____ ______ EPA Method 200.8 (TCP) I_______ I______ I___ ___ ___

I')
4*.



Table 2-2. Analytical Performance Requirements for Soil Samples. (4 sheets)
Preliminary Action Lever Target Required Quantitation Limits Precision Accuraey Precision Accuncy

COC CAS# TUC Industrial GW Protectiol Nanw/Analydeal Water Con. So-Other Con. Water Water Son Soil
(pCi/g or (pCi/g or Tcoly (pCi/L or nag/L) (pCl/g or mg/kg) (%) (%) (%) (%)mg/kg) mg/kg) +

70,000' 130.4 SW-846 Method 6010 or 0.04 4 +/-30 70-130 +/-30 70-130
Nickel 7440-02-0 EPA Method 200.8 (ICP)

17,500 it SW-846Method6010or 0.1 to +/-30 70-130 +/-30 70-130
Selenium 7782-49-2 EPA Method 200.8 (ICP)

17,500 0.884 SW-846 Method 6010 or 0.02 2 +/-30 70-130 +/-30 70-130
Silver 7440-224 7 EPA Method 200.8 (ICP) 1 1

24,500 2,240 SW-846Method6010or 0,025 2.5 +/-30 70-130 +/-30 70-130
Vanadium 7440-62-2 EPA Method 200.8 (ICP) I I I

Unlimited 226 SW-846 Method 6010 or 0.01 1 +/-30 70-130 +/-30 70-130
Zinc 744066-6 EPA Method 200.8 (ICP)

Mercury 7439-97-6 1,050 0.33, SW-846 Method 7471 or N/A 0.20 N/A N/A +/-30 70-130
S4EPA Method 200.8

Mercury 7439-97-6 1,050 0.33, SW-846 Method 7470 or 0.0005 N/A +/-30 70-130 N/A N/A
EPA Method 200.8

Semivolatile Organics
Full suite of Compound- Compound Compound SW-846 Method 8270 0.02 0.33 to 0.85" +/. 30' 70 - 130' +/-30' 70- 130'
SVOCs specific specifict  specific'

Volatile Organics

Full suite of Compound- Compound Compound SW-846 Method 8260 0.005 0.005 to 0.05 +/- 30r 70 - 130' +/- 30' 70- 130'
VOCs specific specific specific' I I

Radionuclfdes*

Americium- 14596-10-2 22,400 TBD Americiumisotopic-AmAEA I 1 +/-20 80-120 +/-35 65-135
241

Cesium-137 10045-97-3 156 TBD GEA 15 0.1 +/-20 80-120 +/-35 65-135

Cobalt-60 10198-40-0 32.8 TBD GEA 25 0.05 +/-20 80-120 +/-35 65-135

Europium- 14683-23-9 78 TBD GEA 50 0.1 +1-20 80-120 +/-35 65- 135
152
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Table 2-2. Analyt ical Performance Re uirements for Soil Samples. (4 heets)
Preliminary Action Level' Target Required Quanttation Limits Precision Accuracy Precision Accuracy

COC CAS # TOC Industrial GW Protection Name/Aaycai WateCon Soil-Other Cent. Water Water Sol Soil
(pC/g or (pCI/g or (pCI/I or mg/L) (pCI/g or mg/kg) (%) (%) (%) (%)mg/kg) mg/kg) I

Europium- 15585-10- 6.8 TBD GEA 50 0.1 +/-20 80-120 +/-35 65-135

Europium- 14391-16-3 2,840 TBD GE50 0.1 +/-20 80 - 120 +/-35 65-135
155 

____ ____

Plutonium- 13981-16-3 3,140 TBD Plutonium isotopic -PuAEA I 1 +/-20 80-120 +/-35 65-135
238TD

Plu Pu-239/240 2,840 TBD Plutonium isotopic -PuAEA I 1 +/-20 80-120 +/-35 65-135

Strontium- Rad-Sr 16,060 TBD Total radioactive strontium- 2 +/-20 80-120 +/-35 65-13590 Ra-SP6,6

Technetiun- 14133-76-7 2,740,000 TBD Tecnmetiun-99- liquid 15 15 +/-20 80-120 +1-35 65-135
99 scintillationI

Uranium- 13966-29-5 17,760 TBD Uniumisotopic-UAEA 1 1 +/-20 80-120 +/-35 65-135

Uranium- 15117-96-1 674 TBD Uranium isotopic-UAEA 2 1 +1-20 80- 120 +/-35 65-135235 U3,TDr spU/ 1
Uranium- U28 3,360 TED Uranium isotopic-UAEA 1 I +1-20 80- 120 +/-35 65- 135

238 U-238_____ I I I I I

N

0
0

C0

0I



Table 2-2. Analytical Performance Requirements for Soil Samples. (4 sheets)
Preliminary Action Lever Target Required Quantitation Lindits Precision Accuracy Precision Acuracy

COC CAS a TBC Industrial GW Protecdon Name/Anayteal WateCone. Soil-Other Con. Water Water Soil Soil
(19Wr (pC r o (pCI/L or mg/L) (pC/g or mg/k) (%) (%) (%) (%)

%rhe preliminary action levels for nonradionuclides are consistent with guidance contained in CLARC tables (Ecology 94-145) or risk based values used to
determine the appropriate analytical requirements (target required quantitation limits). The preliminary action levels for radionuclides are based on 100
mrem/yr above background and are used to determine appropriate analytical requirements.

'Water values for sampling quality control (e.g., equipment blanks/rinses) or drainable liquid (if recovered).
'Radiological COCs pertain to CERCLA activities only.
dState-wide background value from Ecology 94-115.
'No action levels are specified for general groupings of compounds; action levels are compound specific.
rAccuracy criteria are the minimum for associated batch laboratory control sample percent recoveries. Laboratories must meet statistically based control if more stringent.

Additional analyte-specific evaluations also performed for matrix spikes and surrogates as appropriate to the method. Precision criteria for batch laboratory replicate matrix
sample analyses.

'Background value.
hValues shown are "nominal" compound-specific minimums and maximums. Most constituents will be within the given range. A limited number would have higher

detection limits. Individual compounds will be evaluated against established laboratory contractual agreements (based on EPA guidance documents).
SW-846, 1997, Test Aethodsfor Evaluating Solid Waste: Physical/Chemical Aethods, Update Ill, U.S. Environmental Protection Agency, Washington, D.C.
EPA/600/R-94/111, 1994, Afethodsfor the Determination of Aletals in Environmental Samples, Supplement I, U.S. Environmental Protection Agency, Washington, D.C.

- Alpha energy analysis.
- Chemical Abstract Services.
- Cleanup levels and risk calculations.
- contaminant of concern.
= disintegrations per minutes.
- Gamma energy analysis.
- Gas proportional counting.

GW
ICP
N/A
SVOC
TBC
TBD
VOC

- Groundwater.
- inductively coupled plasma.
- Not applicable.
- Semivolatile organic compound.
- To be considered.
= To be determined.
- Volatile organic compound.

I~2
-4

AEA
CAS
CLARC
COC
dpm
GEA
OPC
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Table 2-3. Vapor Sample Preservation, Container, and Holding Time Guidelines
for Field Screening.

Analytical Matrh Tedlar Bag s Packing Holding
Priority Number Volumeb Requirements Time

Volatile Organic Compounds

Carbon tetrachloride I Vapor TBD I L N/A N/A 6 hours

Chloroform 2 Vapor TBD IL N/A N/A 6 hours

Other VOCs 3 Vapor TBD IL N/A N/A 6 hours

rI'edlar is a registered trademark of E.I. du Pont de Nemours and Company, Wilmington, Delaware.
bOptimal volumes, which may be adjusted downward to accommodate the possibility of small sample

recoveries. Minimum sample size will be defined on the sampling authorization form.
N/A =Not applicable.
TBD = To be determined.
VOC = Volatile organic compound.

Table 2-4. Vapor Sample Preservation, Container, and Holding Time Guidelines
for Laboratory Analyses.

Anaycal SUMMA Canister' s Io Packing Holding
ytPriority atrix Number Volumeb I liRequirements I Time

Volatile Organic Compounds

Carbon tetrachloride I Vapor TBD 6 L Ambient N/A days

temperature, 
14-28

Chloroform 2 Vapor TBD 6 L at or near N/A days
atmospheric

Other VOCs 3 Vapor TBD 6 L pressure N/A

2SUMMA is a registered trademark of Moletrics, Inc., Cleveland, Ohio.
bOptimal volumes, which may be adjusted downward to accommodate the possibility of small sample

recoveries. Minimum sample size will be defined on the sampling authorization form.
N/A -Not applicable.
TBD -Tobedetermined.
VOC - Volatile organic compound.
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Table 2-5. Soil Sample Preservation, Container, and Holding Time Guidelines
for Laboratory Analysis.

Anidytes AflaI Matrix Bowe Amount'' iPreurvation Pck olding TimeA D I~ IS I uo rit N um ber T ype _ _ _ _ _ _ _ _ R e qfu l e nn H o d ng T m

Chemicals

Metals (6010 or 3 Soil I G/P 10-50og None None 6 months
200.8)

Mercury (7471 or 4 Soil I G 5-125 g None None 28 days
200.8)

VOC (8260) 1 Soil I aG 125Sg None Cool 4C 14 days

SVOC (8270) 2 Soil I aG 125-IOOOg None Cool 40C 14/40 days

Radiological

Americium isotopic 5 Soil I G/P 5 g None None 6 months
(AEA)

Uranium isotopic 5 Soil I G/P 5 g None None 6 months
(AEA)

Plutonium isotopic 5 Soil 1 G/P 5 g None None 6 months
(AEA)

Cesium-137 (GEA) 5 Soil I G/P 5008 None None 6 months

Cobalt-60 (GEA) 5 Soil I G/P 500 g None None 6 months

Europium-152 5 Soil I G/P 500Sg None None 6 months
(GEA)
Europium-154 5 Soil I G/P 500 g None None 6 months
(GEA)

Europium-155 5 Soil I G/P 5008 None None 6 months
(GEA)

Total radioactive 5 Soil I G/P 25 g None None 6 months
strontium (GPC)
Technctium-99 5 Soil I G/P log None None 6 months
(LSC) I I I

'Optimal volumes, which may be adjusted downward to accommodate the possibility of retneval of small amount of
sample. Minimum sample size will be defined in the Sampling Authorization Form.

'All liquid samples to be analyzed for chemicals require the amount listed for soil samples.
'Soil samples that are submitted to the analytical laboratory for analyses for specific analytes require a 10-g soil sample for

all ICP analyses and a 125-g soil sample for 8270 analyses.
SW-846, 1997, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Update III,

U.S. Environmental Protection Agency, Washington, D.C.
EPA/600/R-94/1 11, 1994, Methods for the Determination of Metals in Environmental Samples, Supplement 1,

U.S. Environmental Protection Agency, Washington, D.C.
AEA - Alpha energy analysis. GPC - Gas proportional counting.
AG - amber Glass. LSC - Liquid scintillation counting.
G -Glass. P - plastic.
GEA - Gamma energy analysis. SVOC - semivolatile organic compound.

VOC - volatile organic compound.
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2.1 FIELD QUALITY CONTROL

Field QC samples are collected to evaluate homogeneity, the potential for cross-contamination,
and laboratory performance. Field QC for sampling at the 218-W-4C Burial Ground trenches
will differ depending on the type of sampling being conducted. Field QC includes collecting
duplicate, field split, equipment blank, and trip blank samples.

For vent riser vapor samples and vadose zone soil vapor samples collected in Tedlar bags for
field screening analysis for carbon tetrachloride, field QC will require the collection of duplicate
samples and equipment blank samples.

For vent riser vapor samples and vadose zone soil vapor samples collected in SUMMA canisters
for laboratory analysis for VOCs, field QC will require the collection of duplicate samples and
equipment blank samples.

For soil samples, field QC will require the collection of duplicate samples, field split samples,
equipment blank, and trip blank samples.

2.1.1 Duplicates

For vent riser vapor and vadose zone soil vapor samples collected in Tedlar bags, duplicates are
defined as samples collected with enough volume to permit two separate analyses, performed
sequentially using the same analytical equipment. These samples will be collected to evaluate
performance of the analytical methodology by comparing two analyses of the vapor
concentration in one Tedlar bag.

A minimum of 5% of the total collected vapor and soil vapor samples will be duplicated
(i.e., I field duplicate will be analyzed for every 20 samples or, at a minimum, I duplicate per day).
The duplicate samples will be designated during the field analyses. Where feasible, duplicates will
be selected after an initial volume from a Tedlar bag is analyzed and shown to contain detectable
concentrations of carbon tetrachloride, so that valid comparisons between the samples can be made
(i.e., concentrations will be above the detection limit).

The following strategy will be used for analyzing duplicate samples. One sample in every
20 samples will be analyzed sequentially as a sample and then as a duplicate sample. The first
sample in the 20-sample group with detectable carbon tetrachloride will provide the duplicate
sample for that 20-sample group. If a second sample in the 20-sample group has a significantly
higher carbon tetrachloride concentration, it also may be analyzed as a duplicate sample. If the
first 19 samples in the 20-sample group have no detectable carbon tetrachloride, the 20th sample
will provide the duplicate.

For vent riser vapor and vadose zone soil vapor samples collected in SUMMA canisters,
duplicates are defined as independent samples collected as close as possible to the same point in
space and time, taken from the same source, stored in separate containers, and analyzed
independently (i.e., not homogenized). One duplicate sample will be collected during vapor
sampling of vent risers, and one duplicate sample will be collected during soil vapor sampling of
the vadose zone. Because the SUMMA canister samples will be collected at locations with
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positive results from field screening during sampling, the duplicates will have a high likelihood
of containing contaminated vapor.

For soil samples, duplicates are defined in the same way as for vapor samples collected in
SUMMA canisters. Duplicate samples are useful in documenting homogeneity in the soil. One
duplicate sample will be collected during soil sampling. Generally, the duplicates should be
collected from areas that are expected to have some contamination so that valid comparisons can
be made between the samples (i.e., at least some of the COCs will be above the detection limit).

2.1.2 Field Splits

Field split samples are used to verify the performance of the primary laboratory. Field split
samples will be collected for soil samples only. One field split will be collected for every
20 samples. All split samples will be retrieved from the same sample interval using the same
equipment (e.g., collected from one split spoon). Samples shall be homogenized, split into two
separate aliquots in the field, and sent to two independent laboratories. Field splits should be
collected from a zone that is contaminated. Soil sampling locations will be determined by the
previous Step I and Step III characterization results.

2.1.3 Equipment Blanks

Equipment blanks shall be collected at the same frequency as duplicate samples, where
applicable, and will be used to verify the adequacy of sampling equipment decontamination
procedures.

For Tedlar bags, cleaned bags will be filled with certified clean air and analyzed for cleanliness.
Equipment blanks shall be analyzed for COCs identified for vapor (Table 1-1) and soil vapor
(Table 1-2) collected in Tedlar bags.

At the laboratory, cleaned SUMMA canisters will be filled with certified clean air and analyzed
for cleanliness. The equipment blanks will be analyzed for VOCs. At least 10% of the cleaned,
evacuated SUMMA canisters will be checked for cleanliness.

For soil samples, the equipment blanks shall consist of pure deionized water washed through
decontaminated sampling equipment and placed in containers identical to those used for actual
field samples. Equipment blanks shall be analyzed for COCs identified for soils (Table 1-3).

2.1.4 Trip Blanks

Trip blanks are prepared as a check for possible contamination originating from container
preparation methods, shipment, handling, storage, or site conditions. A trip blank will be
prepared for each batch (cooler) of soil sample containers shipped. The trip blank shall consist
of pure deionized water added to clean sample containers. These containers will be transported
to the field with the bottle sets and will be returned unopened to the laboratory. The trip blanks
will be analyzed for VOCs only.
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Trip blanks are not required to accompany the SUMMA canister samples. The SUMMA
canisters will be cleaned, evacuated, and sealed using a valve before sampling, and resealed with
a valve following sampling.

2.2 QUALITY OBJECTIVES AND CRITERIA
FOR MEASUREMENT DATA

Quality objectives and criteria (analytical performance requirements) for vapor measurement
data for vent risers and the vadose zone are presented in Table 2-1. Quality objectives and
criteria for soil measurement data are presented in Table 2-2.

2.3 SAMPLE PRESERVATION, CONTAINERS,
AND HOLDING TIMES

Sample preservation, containers, and holding times are presented in Tables 2-3 and 2-4 for vapor
and soil vapor samples and Table 2-5 for soil samples. Final sample collection requirements will
be identified on the sampling authorization form.

2A ONSITE MEASUREMENTS QUALITY
CONTROL

The collection of QC samples applies to the vapor and soil vapor samples and soil samples
described in this plan. Field-screening instrumentation will be calibrated and controlled
according to approved procedures.

2.5 DATA MANAGEMENT

Data resulting from the implementation of this QAPjP will be managed and stored by the Fluor
Hanford, Inc., organization responsible for sampling and characterization, in accordance with
applicable data management procedures. At the direction of the task lead, all analytical data
packages will be subject to final technical review by qualified personnel before being submitted to
regulatory agencies or included in reports. Electronic data access, when appropriate, will be via
a database (e.g., Hanford Environmental Information System [HEIS] or a project-specific
database). Where electronic data are not available, hard copies will be provided in accordance
with Section 9.6 of the Hanford Federal Facility Agreement and Consent Order (Ecology et al.
1989b).

2.6 VALIDATION AND VERIFICATION
REQUIREMENT

Data verification and validation are performed on analytical data sets primarily to confirm that
sampling and chain-of-custody documentation are complete, sample numbers can be tied to the
specific sampling location, samples were analyzed within the required holding times, and
analyses met the data quality requirements specified in the DQO summary report (BHI-01435,
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Data Validation Procedurefor Chemical Analysis). Validation will be performed on a minimum
of one completed data package or 10% of the data by a qualified data validator. A copy of the
validated data package will be provided to Ecology following completion of the data validation
process. Formal data validation will not be performed on field screening analytical results. For
field screening data, data validation will be performed at level C to ensure that the data are
usable (BHI-01435).

2.7 TECHNICAL SPECIFICATIONS

Sampling and field measurements will be conducted in accordance with the following technical
specifications.

2.7.1 Sample Location

Sample locations for soil vapor sampling will be staked and labeled before starting the activity.
Sampling locations will be staked by the technical lead or field team leader assigned to the
sampling activities described in this SAP. After the locations have been staked, minor
adjustments to the location may be made to mitigate unsafe conditions, avoid structural
interferences, and bypass utilities. Locations will be identified during or after sampling
following approved procedures. Changes in sample locations that do not affect the DQOs will
require approval of the Fluor Hanford project manager for this SAP. However, changes to
sample locations that result in impacts to the DQOs will require decision-maker concurrence.

2.7.2 Sample Identification

The Fluor Hanford Sample and Data Tracking database will be used to track the samples through
the collection and laboratory analysis process.. The HEIS database is the repository for the
laboratory analytical results. The HEIS sample numbers will be issued to the sampling
organization for this project in accordance with approved procedures. Samples tracked through
HEIS will be identified and labeled with a unique HEIS sample number. The sample location,
depth, and corresponding HEIS numbers are documented in the sampler's field logbook.

Sample containers are labeled with the following information using a waterproof marker on
firmly affixed, water-resistant labels:

* Sampling authorization form number
" HEIS number
. Sample collection date and time
* Name or initials of person collecting the sample
* Analysis required.

2.7.3 Field Sampling Log

The sampling team will be responsible for recording all information pertinent to field sampling
and analysis in bound logbooks in accordance with approved procedures. Entries made in the
logbook will be dated and signed by the individual who made the entry.
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2.7.4 Sample Custody

Chain-of-custody procedures will be followed throughout sample collection, transfer, analysis,
and disposal in accordance with approved procedures to ensure that sample integrity is
maintained. Each time responsibility for custody of the sample changes, the new and previous
custodians will sign a record and note the date and time.

2.7.5 Sample Containers

Tedlar bags (1 L capacity) and SUMMA canisters will be used for collecting the vapor and soil
vapor samples identified in this SAP as noted in Tables 2-3 and 2-4. After sample collection, all
gas prefilters will be surveyed. In addition, Tedlar bags and SUMMA canisters filled inside
surface contamination areas will be surveyed externally for contamination. Container
requirements for potential soil samples are specified in Table 2-5. Based on the amount of
sample that can be obtained using proposed sampling techniques, bottle size requirements could
vary. Final types and volumes to be used for vapor and soil will be listed on the sampling
authorization form.
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3.0 FIELD SAMPLING PLAN

3.1 SAMPLING OBJECTIVES

The objective of these sampling and analysis activities is to determine whether a release of
contaminants to the vadose zone has occurred in the 218-W-4C Burial Ground. The field
sampling plan is based on the sampling design developed during the DQO process (CP-16886)
and describes the pertinent elements of the sampling program. To the extent possible, sample
methods, locations, frequencies, parameters of interest, and container requirements are identified
in this section.

The primary use of the data acquired through the sampling design developed in this report is
defined in the Administrative Order No. 03NWPKW-5494, as amended. Another objective of
the vapor sampling from the vent risers is to gather data to help optimize the operation of the
vapor extraction system. Other potential uses for the data include refining the 200-PW-1 OU
preliminary conceptual contaminant distribution models, developing the 200-SW-2 OU
preliminary conceptual contaminant distribution models, and evaluating the risk assessment
remedial action alternatives and remedial action decisions.

This sampling design applies only to those portions of the trenches in which retrievably stored
waste was placed.

A three-step sampling design has been developed for this project. The three steps in this
sampling design are as follows:

Step I:

. Vapor sampling through vent risers in the 218-W-4C Burial Ground trenches. Vapor
samples will be collected in Tedlar Bags and SUMMA canisters for field-screening and
laboratory analyses. An organic vapor monitor (OVM) will be used to provide real-time
feedback on potential organic contamination. The analytical methods used will identify
individual volatile organic compounds in vapor mixtures.

. Sampling will be limited to the vent risers that currently exist and that are accessible
without posing health and safety risks to workers (for example, because of potential for
subsidence). Trenches T-0l, T-04, T-07, T-20, and T-29 have vent risers.

Step !!:

Surveys (using an organic vapor monitor and radiological field detectors) and visual
observations will be made adjacent to and on the asphalt pad when the asphalt pad in an
entire trench has become accessible and sampling will not interfere with waste retrieval
operations. The results of these surveys and visual observations will be documented and
evaluated for obvious indications of locations for substrate soil characterization adjacent
to and beneath the asphalt pad. Surveys and observations made during waste retrieval
operations also will be reviewed.

3-1



DOEIRL-2003-48 REV 0

. Pertinent 218-W-4C Burial Ground trench inspection records and/or occurrence reports
regarding subsidence and/or flooding will be reviewed for indications of biased sampling
locations.

. Soil vapor sampling using a direct push technology (e.g., CPT) will be performed along
the edges of the asphalt pads to determine locations where condensate run-off may have
drained into the perimeter soils.

Step III:

. The results of the Step I and II characterization activities will be evaluated to determine if
subsequent intrusive characterization is required beneath the asphalt pads. If the Step I
and II data evaluation indicates a need for Step III characterization, the following
methods will be considered:

- Soil vapor sampling underneath the asphalt pads. After removal of the asphalt in
specified locations, a direct-push technology (e.g., CPT) will be used to collect soil
vapor samples at selected depths. The locations for sampling will be based on the
Step II results.

- As needed, soil sampling using a hand tool or a direct-push technology (e.g., drive
casing) for subsurface access and soil sample collection.

The Step I, II, and III sampling design features are summarized in Table 3-1.

Table 3-1. 218-W-4C Burial Ground Sampling Design. (4 sheets)
Sample Collection Key Features of Design Basis for Sampling Design

Methodology ____________________ _______________

Step I Sampling

Vapor sampling from Sample vapors from accessible vent risers. Vent risers offer a simple and
vent risers in Collect vapor samples in Tedlar bags for onsite inexpensive means of vapor sampling
218-W-4C Burial analysis using field-screening instrument. in the burial ground trenches. Results
Ground trenches. Collect a vapor sample in a SUMMAb canister for can be used to focus Step II sampling.

laboratory analysis from the vent riser in each
trench with the highest carbon tetrachloride
concentration based on field-screening results.

To the extent possible, sample all accessible vent
risers in the 218-W-4C Burial Ground during one
sampling event, which may extend over multiple
days.

Analytical methods will be used that identify
individual VOCs in vapor mixtures.
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Table 3-1. 218-W-4C Burial Ground Sampling Design. (4 sheets)
Sample Collection Ky Features .f Design Basis for Sampling Design

Methodology ________________________________________________________
Step 11 Sampling

Surveys (using an Using appropriate field screening instruments, Locations on the asphalt pad and the
organic vapor monitor including an organic vapor monitor, perform a soils along the edges of the pads that
and radiological field systematic grid survey over the exposed surfaces have elevated concentrations of
detectors) on the of the asphalt pad and the soils along the organic vapors or radiological activity
asphalt pad and the perimeter of the pad. Include locations where provide a basis for identifying
soils along the edges of Step I vent riser sampling and observations made potential contamination areas in the
the pads. during waste retrieval indicate the potential for edge soils and/or beneath the asphalt

elevated VOC concentrations. pad.

Visual observations of During the surveys, examine the asphalt surface, Locations where the asphalt surface
the asphalt pad surface. looking for indications of bleaching and tar has been degraded may indicate

depletion caused by leakage of organic solvents organic solvent pathways through the
from drums. asphalt to the substrate soils. This

provides a basis for Step III sampling.

Review of inspection Review pertinent 21 8-W-4C Burial Ground Review may indicate locations for
records and/or trench inspection records and/or occurrence biased sampling.
occurrence reports. reports regarding subsidence and/or flooding for

indications of biased sampling locations.

Soil vapor sampling in Based on the results of the previous activities in Soil vapor sampling along the edges
the vadose zone along Step I and Step II, use a DPT (e.g., CPT) to of the asphalt pads may locate any
the edges of the asphalt collect soil vapor samples at locations of elevated condensate run-off points into the
pads using a direct VOC concentrations along the edges of the perimeter soils. These are potential
push technology asphalt pads. At each sampling location, collect organic contaminant pathways into the
(e.g., CPT). soil vapor samples in Tedlar bags at depths of vadose zone.

1.8 m (6 fi) and 3.7 in (12 fl) below ground
surface. Analyze the samples for VOCs using
field-screening instruments.
Decision makers evaluate the use of a DPT A systematic grid is a hot-spot search
(e.g., CPT) for subsurface access along the edges technique that could be used to
of the asphalt pads at 7.6 in (25-11) intervals using investigate perimeter soils in areas
a systematic grid with a random start location. where data from surveys or visual
At each sampling location, collect soil vapor observations are not available to
samples in Tedlar bags at depths of 1.8 m (6 ft) indicate the potential for elevated
and 3.7 m (12 R) below ground surface. Analyze VOCs.
the samples for VOCs using field-screening
instruments.

As needed, use a direct push technology to collect Soil vapor samples that are collected
additional soil vapor samples at locations at locations between the initial
between the initial locations with elevated VOC locations are used to reduce the grid
concentrations. spacing and better define any VOC
At each sampling location, collect soil vapor hot spots.
samples in Tedlar bags at depths of 1.8 in (6 ft)
and 3.7 in (12 fl) below ground surface. Analyze
the samples for VOCs using field-screening
instruments.
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Table 3-1. 218-W-4C Burial Ground Sampling Design. (4 sheets)

Sample Col on Key Features of Design Basis for Sampling Design

Use a DPT to conduct deeper soil vapor sampling The initial results will be used to
adjacent to the initial locations with elevated guide vertical profiling for VOCs.
VOC concentrations that appear to define a VOC
plume in the vadose zone. At these locations,
sample at 1.8 m (6-fl) intervals below ground
surface until refusal or until reaching a maximum
depth of approximately 9.8 m (32 ft) below the
depth of the asphalt pad.

If organic contaminants are detected in soil vapor Additional sampling beyond this SAP
samples, the decision as to how to move forward will be conducted at the discretion of
will be determined through the cleanup processes the decision makers.
set forth in RCRA and/or CERCLA.

Step III Sampling

Evaluate data from Decision maker review of prior characterization Detected contaminant concentrations,
Step I and II data to determine the need for additional uncertainties, and costs are weighed to
characterization. characterization. determine the need for additional

characterization.

As needed, soil vapor Remove asphalt in specified locations based on Soil vapor sampling can locate organic
sampling in substrate the Step II results. Use a DPT (e.g., CPT) to contaminant pathways into the vadose
soils underneath the access substrate soils for soil vapor sampling. zone,
asphalt pads. Sample for organic vapors at a depth of 0.6 m

(2 ft) below the asphalt pad. If an engineered fill
is present beneath the pad that resembles gravel
or cobble, set the sampling depth to 0.6 m (2 ft)
below the onset of native soils. Collect additional
samples at depths of 1.8 m (6 it) and 3.7 m (12 fi)
below the asphalt pad. Analyze the samples for
VOCs using field-screening instruments.

Use DPT to conduct deeper soil vapor sampling The initial results will be used to
adjacent to the initial locations with elevated guide vertical profiling for VOCs.
VOC concentrations that appear to define a VOC
plume. At these locations, sample at 1.8 m (6-)
intervals below ground surface until refusal or
until reaching a maximum depth of
approximately 9.8 m (32 ft) below the depth of
the asphalt pad.

Evaluate all field At the location in an apparent VOC plume with This evaluation captures sources both
screening results for the highest carbon tetrachloride concentration on the perimeter and underneath the
soil vapor samples based on field screening, collect soil vapor asphalt pad that could be indicating
collected underneath samples in SUMMA canisters for laboratory the presence of a plume.
and along the analysis. At these locations, sample at 1.8 m
perimeter of the (6-it) intervals below ground surface until refusal
asphalt pad. or until reaching a maximum depth of

approximately 9.8 m (32 ft) below the depth of
the asphalt pad. If no VOC plumes are apparent
at a given trench, laboratory samples will not be
collected.
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Table 3-1. 218-W-4C Burial Ground Sampling Design. (4 sheets)
SaMle ool Key Features ofDesign Basis for Sampling Design

If organic contaminants are detected in soil vapor Additional sampling beyond this SAP
samples, the decision as to how to move forward will be conducted at the discretion of
will be determined through the cleanup processes the decision makers.
set forth in RCRA and/or CERCLA.

As needed, sample the Collect soil samples at a depth of 0 to 15.2 cm (0 Soil samples can provide data on all
soils beneath and/or to 6 in.) at locations determined by Step II COCs at specified depths below the
adjacent to the asphalt characterization and Step III soil vapor sampling asphalt pad.
pads. results.

Collect samples using hand tools. Alternatively,
use a DPT (e.g., drive casing) for access to the
desired depth and collect samples using a device
such as a split-spoon sampler.

Analyze for the type of constituents that were
present on the asphalt pad or in the surface soils
adjacent to the asphalt pad [e.g., if chemical
(i.e., VOC) constituents were detected, analyze
for metals (including mercury), VOCs, and
SVOCs. If radiological constituents were
present, analyze for radiological constituents].

If contaminants are detected in soil vapor Additional sampling beyond this SAP
samples, the decision as to how to move forward will be conducted at the discretion of
will be determined through the cleanup processes the decision-makers.
set forth in RCRA and/or CERCLA.

Tedlar is a registered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware.
b SUMMA is a trademark of Moletrics, Inc. Cleveland, Ohio.
Comprehensive Environmental Response, Compensation and Liability Act of 1980,42 USC 960t, et seq.
Resource Conservation and Recovery Act of 1976,42 U.S.C. 6901, et seq.

CERCLA - Comprehensive Environmental Response, Compensation and Liability Act of 1980.
COC - Contaminant of concern.
CPT - Cone penetrometer.
DPT - Direct-push technology.
RCRA - Resource Conservation and Recovery Act of 1976.
SAP - sampling and analysis plan.
SVOC - Semivolatile organic compound.
VOC - Volatile organic compound.

3.2 FIELD MEASUREMENTS

The field measurements described in this section are designed to address the sampling objectives
for Steps I through III. The section includes the sampling design, sampling requirements, and
potential sample design limitations.
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3.2.1 Step I and II Sampling Design Features

This section presents the primary features of the Step I and II sampling design:

. Accessible vent risers will be sampled for VOC vapors. Vapor samples will be collected
in Tedlar bags for onsite analysis using a field-screening instrument capable of analyzing
for a limited number of organic compounds, including carbon tetrachloride. Additional
vapor samples will be collected in SUMMA canisters for laboratory analysis of a broader
range of VOCs. Vent risers offer a simple and inexpensive means of vapor sampling
within the burial ground trenches. The results will be used to focus Step II sampling.
A typical burial ground vent riser configuration is shown in Figure 3-1.

" A gridded survey will be conducted over the exposed surfaces of the asphalt pad and
along edge soils using an OVM and portable radiological detectors when the asphalt pad
in an entire trench has become accessible and sampling will not interfere with waste
retrieval operations. A systematic grid survey will be conducted over the exposed
surfaces of the asphalt pad using an organic vapor monitor at locations where Step I vent
riser sampling indicated elevated VOC concentrations. If windblown sand or debris
accumulates on the asphalt pad before the investigation begins, the project team will
evaluate the most appropriate actions to be taken to enable the surveys to continue.
Locations on the asphalt pad and the soils along the edges of the pad that have elevated
concentrations of organic vapors provide a basis for identifying potential contamination
areas in the edge soils and/or beneath the asphalt pad.

" During the surveys, the asphalt surface will be examined for indications of discoloration,
staining, bleaching, and tar depletion that could be caused by leakage of organic solvents
from drums. Locations where the asphalt surface has been degraded may indicate
organic solvent pathways through the asphalt to the substrate soils. This evaluation of the
asphalt provides a basis for Step III sampling.

. Pertinent 218-W-4C Burial Ground trench inspection records and/or occurrence reports
regarding subsidence and/or flooding will be reviewed for indications of biased sampling
locations.

. Soil vapor sampling will be conducted in the soils along the edges of the asphalt pads at
locations of elevated VOC concentrations, based on Step I results and previous Step II
surveys and observations. The sampling will be conducted using a direct-push
technology (e.g., CPT) for subsurface access. At each sampling location, soil vapor
samples will be collected at depths of 1.8 m (6 t) and 3.7 m (12 11) below ground surface
and analyzed using a field-screening instrument.
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Figure 3-1. Typical Burial Ground Trench Configuration with Associated Vent Risers.
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* In areas where data from surveys and observations are not available to indicate the
potential for elevated VOCs, soil vapor sampling may be conducted along the edges of
the asphalt pads using a systematic grid sampling design. The sampling would be
conducted using a direct-push technology (e.g., CPT). The sampling locations would be
spaced at 7.6 m (25-ft) intervals along each side. On each side, a random-number
generator would be used to determine the distance of the first sampling location from the
corner (Figure 3-2). At each sampling location, soil vapor samples would be collected at
depths of 1.8 m (6 ft) and 3.7 m (12 ft) below ground surface and analyzed using a field-
screening instrument.
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Figure 3-2. Random Sampling Design for Soil Vapor Sampling Along Perimeter
of Asphalt Pads.

NSft 2ft.

*Distances from corners of each asphalt pad for selection of first sampling
loaton will be dones randomly "n independently for each blench.

* As needed, additional sampling locations may be established between the initial locations
with elevated VOC concentrations to reduce the grid size and better define potential VOC
hot spots. At each sampling location, soil vapor samples would be collected at depths of
1.8 m (6 fl) and 3.7 m (12 fl) below ground surface and analyzed using a field- screening
instrument.

" Deeper soil vapor sampling will be conducted at the initial locations along the edges of
the asphalt pad that have elevated VOC concentrations that appear to define a VOC
plume in the vadose zone. The sampling will be conducted using a direct-push
technology (e.g., CPT) for subsurface access. At each sampling location, soil vapor
samples will be collected at 1.8 m (6-ft) intervals below ground surface until refusal or
until reaching a maximum depth of approximately 9.8 m (32 fi) below the depth of the
asphalt pad and analyzed using a field-screening instrument. Refusal occurs when the
direct-push technology is no longer able to advance deeper into the subsurface.

. The samples collected along the edges of the asphalt pad may locate condensate run-off
points into the perimeter soils. These are potential organic contaminant pathways into the
vadose zone. If organic contaminants are detected in soil vapor samples, the decision as
to how to move forward will be determined through the cleanup processes set forth in
RCRA and/or CERCLA.
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3.2.2 Step III Sampling Design Features

This section presents the primary features that could be applied in the Step III sampling design as
needed:

. The decision makers will review the characterization data from Steps I and II to
determine the need to implement the Step III investigation. During the review, detected
contaminant concentrations, uncertainties, and costs will be weighed to determine the
need for additional characterization. Step III activities involve sampling directly beneath
the asphalt pads.

. The asphalt will be removed at specified locations, based on Step II results, and a direct-
push technology (e.g., CPT) will be used to collect soil vapor samples in the substrate
soils. Soil vapor samples will be collected at a depth of 0.6 in (2 fR) below the asphalt
pad. If an engineered fill that resembles gravel or cobble is present beneath the pad, the
sampling depth will be 0.6 in (2 fl) below the onset of native soils. Additional samples
will be collected at depths of 1.8 m (6 fi) and 3.7 m (12 R) below the asphalt pad. The
samples will be analyzed using a field-screening instrument.

" Deeper soil vapor sampling will be conducted using a direct-push technology (e.g., CPT)
at the initial locations with elevated vapor concentrations that appear to define a VOC
plume. Samples will be collected at 1.8 in (6-fl) intervals below ground surface until
refusal or until reaching a maximum depth of approximately 9.8 m (32 ft) below the
depth of the asphalt pad. The samples will be analyzed using a field-screening
instrument.

. All of the field screening results for soil vapor samples collected beneath and adjacent to
the asphalt pads will be evaluated. Using all of the soil vapor results will support a
comprehensive view of potential VOC plumes in the vadose zone. Soil vapor samples
will be collected at the location in an apparent VOC plume with the highest carbon
tetrachloride concentration. Sampling will be conducted using a direct-push technology
at 1.8 m (6-fl) intervals below ground surface until refusal or until reaching a maximum
depth of approximately 9.8 m (32 ft) below the depth of the asphalt pad. The samples
will be collected in SUMMA canisters and analyzed for VOCs in the laboratory. If no
VOC plumes are apparent at a given trench, laboratory samples will not be collected.

" The soil vapor sampling results will be used to locate organic contaminant pathways into
the vadose zone. If organic contaminants are detected in soil vapor samples, the decision
about how to move forward will be determined through the cleanup processes set forth in
RCRA and/or CERCLA.

. Soil samples will be collected as needed using hand tools or a direct push technology at
locations determined by the Step II characterization and Step III soil vapor results.
Samples will be collected at a depth of 0 to 15.2 cm (0 to 6 in.). The soil samples will be
analyzed in the laboratory. The analyses performed will depend on the constituents
detected during the surveys on the asphalt pad or adjacent soils. If chemical constituents
(i.e., VOCs) are detected, the analyses will include metals (including mercury), VOCs,
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and SVOCs. If radionuclides are detected, the samples will only be analyzed for
radionuclides.

Soil samples can provide data on all COCs at specified depths below the asphalt pad.
If contaminants are detected in soil samples, the decision about how to move forward will
be determined through the cleanup processes set forth in RCRA and/or CERCLA.

Soil vapor sampling using a direct-push technology generally will involve one-time installation
of direct-push rods and collection of soil vapor samples, followed by removal of the rods.
However, in locations with elevated soil vapor concentrations, the project may elect to leave the
rods in place temporarily for longer term soil vapor sampling to confirm the initial results or may
install soil vapor monitoring probes using sintered metallic filters. The direct-push technology
rods that are left in place will be completed at the upper 45.7 cm (18 in.) depth with concrete
pads and brass survey markers (consistent with groundwater well installations).

3.2.3 General Vapor Sampling Requirements

Vapor samples will be collected in Tedlar bags and evacuated SUMMA canisters through probes
and/or tubing. The Tedlar bags will be plumbed with a "tee" fitting that allows venting of one
volume of air from the sampling probe and tubing before collecting the sample. The venting
time will be based on the length of the probes and tubing and the pumping rate. After venting,
the valves will be aligned to fill the Tedlar bag. Sampling is complete when bags are filled to
approximately 75% of their capacity. The SUMMA canister will be attached to the tubing for
sample collection after venting and after confirming that the SUMMA canister has maintained
sufficient vacuum. The sample will be drawn by opening a valve on the SUMMA canister for
approximately 1 minute to allow an adequate volume of vapor to be collected.

The soil vapor in Tedlar bags will be analyzed using an Innova multi-gas analyzer or other field-
screening instrument that can differentiate carbon tetrachloride and chloroform at the target
required quantitation limits. Analysis of the soil vapor in SUMMA canisters will be performed
at the laboratory for a broad suite of VOCs.

3.2.4 Soil Sampling Requirements

Potentially, soil samples for chemical analyses may be obtained with a hand tool or a split-spoon
or appropriate sampling device developed for the specific investigative process (e.g., direct-push
technology). To the extent possible, the selected sampling method must ensure that material
collected represents non-disturbed media.

3.2.5 Potential Sample Design Limitations

The sampling design might not fill all vadose zone data gaps. As presented, the sampling design
allows for reassessment of characterization, remediation, and financial priorities. This approach
recognizes that decision makers will be in a better position to initiate expensive deeper vadose
zone characterization after conceptual model data gaps have been filled.

3-10



DOE/RL-2003-48 REV 0

Other potential limitations of the proposed sampling designs are as follows:

. Access to the burial ground vent risers and asphalt pads could be limited because of
worker protection requirements or other constraints.

* Some items may still be present in the trench that may limit access to the pad for this
sampling activity.

3.2.6 Surface Surveys and Visual Observations

Surface surveys and visual observations will be made of the asphalt pad when the asphalt pad in
an entire trench has become accessible and sampling will not interfere with waste retrieval
operations. Data obtained during waste retrieval also will be evaluated. Surveys also will be
performed along the edge of the asphalt pad to determine locations where condensate run-off
may have infiltrated into the perimeter soils.

3.2.7 Waste Management Sampling

An evaluation will be conducted to identify any additional sampling that might be required to
support waste management of the investigation-derived waste generated from the field sampling
activities. The evaluation will include a review of the contaminants of potential concern
identified for the 218-W-4C Burial Ground trench and an analysis of any additional constituents
that should be evaluated to complete the waste designation and profile. Additional sampling
requirements specific to waste management issues may be identified for the field activities
described in this SAP.

3.2.8 Supplemental Sampling for Other Projects

Supplemental sampling to support other projects such as the 200-SW-2 OU remedial
investigation were not identified before this document was prepared. However, supplemental
sampling may be requested as part of the decision-maker evaluation of the data during the
sampling activities described in the SAP.

3.3 POSITIONAL SURVEYING

All sampling locations established during this sampling activity will be surveyed after the
sampling and decommissioning activities are completed. Surveys will be performed according
to approved procedures. Data will be recorded in the North American Vertical Datum of 1988
(NAVD 88) and the Washington State Plane (South Zone) North American Datum of 1983
(NAD 83), with the 1991 adjustment for horizontal coordinates. All survey data will be recorded
in meters and feet.
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4.0 HEALTH AND SAFETY

All field operations will be performed in accordance with appropriate health and safety
requirements and procedures. In addition, appropriate documentation will be prepared that will
further control site operations. This documentation will include an activity hazard analysis, a
site-specific health and safety plan, and applicable work permits. Work shall be performed in
accordance with site-specific health and safety plans and applicable work permits. The sampling
procedures and associated activities will take into consideration exposure reduction and
contamination control techniques that will minimize the exposure to the sampling team.
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5.0 MANAGEMENT OF INVESTIGATION-DERIVED WASTE

Investigation-derived waste generated by 218-W-4C Burial Ground characterization activities
will be managed in accordance with appropriate procedures. These procedures have been
prepared to implement the requirements found in "Environmental Restoration Program Strategy
for Management of Investigation Derived Waste" (Ecology et al. 1999). Regulatory agency
approval of this SAP constitutes approval to manage this characterization-generated waste as
CERCLA waste, in accordance with the existing waste control plan for the 200-PW-1 OU
(WCP-2002-0002, Waste Control Plan for the 200-PW-1 Operable Unit).

The COCs for waste disposition will include all contaminants needed to determine whether the
waste generated during the sampling meets the waste acceptance criteria for the respective
disposal facilities. The results from previous investigations and/or process knowledge will be
used to develop a list of COCs for waste designation purposes.
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APPENDIX A

SAMPLING DESIGN FOR THE ASPHALT PAD EDGE-SOIL

A.1 SAMPLING DESIGN FOR THE ASPHALT PAD EDGE SOIL

Survey and observational data collected during initial sampling activities will be used to guide
the locations for soil vapor sampling along the perimeter of the asphalt pads in the 218-W-4C
Burial Ground. However, in the event that such data are not available and soil vapor sampling is
deemed necessary, the sampling design provided in this appendix could be used to investigate
the occurrence of organic vapor hot spots in the perimeter soils. Should organic chemicals be
present in the 218-W-4C Burial Ground trenches, they also could be present in any condensate
that might have collected within the trenches and drained off the pad into the surrounding soils.

A.1.1 Assumptions

The following assumptions were used in developing the sampling design:

. The target (hot spot) is circular or elliptical. For subsurface targets this applies to the
projection of the target to the surface.

. Samples or measurements are taken on a square, rectangular, or triangular grid.

. The distance between grid points is much larger than the area sampled, measured, or
cored at grid points (i.e., a very small proportion of the area being studied actually can be
measured).

. The definition of hot spot is clear and unambiguous. This definition implies that the
types of measurement and the levels of contamination that constitute the hot spot are
clearly defined. For the soil surrounding the asphalt in the 218-W4C Burial Ground
trenches, these definitions have been provided as outputs of steps in the DQO process
(CP-16886, DQO Summary Report for the 218-W-4C Burial Ground Contaminant
Release Investigation).

. No measurement misclassification errors occur (i.e., no errors are made in deciding when
a hot spot has been detected).

. The grid spacing calculations will be applied only to the distance along the edge of the
asphalt where sample collection is possible and applicable.

A.1.2 Grid Spacing

The grid spacing required to find a hot spot of prescribed size and shape with specified
confidence may be determined from the following procedure:

A-1



DOE/RL-2003-48 REV 0

1. Specify L, the length of the semi-major axis of the smallest hot spot important to detect.
L is one half the length of the long axis of the ellipse.

2. Specify the expected shape (S) of the elliptical target, where

S = length of shor ari' of the ellipse
length of long arts of the ellipse Equation A-1

Note that 0 <S< 1 and that S = 1 for a circle. If S is not known in advance, a
conservative approach is to assume a rather skinny elliptical shape, perhaps S =0.5, to
give a smaller spacing between grid points than if a circular or "fatter" ellipse is assumed
(i.e., sample on a finer grid to compensate for lack of knowledge about the target shape).

3. Specify an acceptable probability (p) of not finding the hot spot. The value p is known as
the "consumer's risk." To illustrate, a probability of 20 % (P = 0.20) (one chance in 5) of
not finding a hot spot may be acceptable for a small hot spot (e.g., one for which L is 5
cm). But for a larger hot spot (e.g., one for which L is 5 m), a probability of 10 % (P =

0.10) (one chance in 10) of not finding a hot spot may be required.

4. Use Figure A-1 for a square grid. This nomograph gives the relationship between p and
the ratio L/G, where G is the spacing between grid lines. Using the curve corresponding
to the shape (S) of interest, find LIG on the horizontal axis that corresponds to the pre-
specified P. Then solve LIG for G, the required grid spacing.

5. The total number of grid points (sampling locations) can then be found because the
dimensions of the land area to be sampled are known.

The procedure described above is used to establish a square grid pattern in which samples are
collected at the four nodes where grid lines intersect. The square grid pattern is relevant to a
two-dimensional land surface. This procedure therefore had to be adapted for sampling the soils
along the edges of the asphalt pads, which will involve collecting samples along a one-
dimensional land surface. That is, samples will be collected at intervals along a line rather than
at the nodes defined by the intersection of square-shaped grid lines. Use of a linear sampling
design is based on the assumption that contaminants that have leaked from containers would
have moved with condensation as rivulets to the edge of the pad, where the condensation soaked
into the adjacent soils. To identify the linear grid pattern, the square grid pattern is established
with the edge of the asphalt assumed to be a line that bisects the grid. As a result, samples are
collected on what is effectively only two of the four grid nodes of the square (i.e., samples are
collected along a line established on one side of the edge of the asphalt).
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Figure A-1. Curves relating LIG to consumer's risk, f, for different target shapes when sampling
is on a square grid pattern (after Zirschky and Gilbert, 1984, Figure 3).
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A.1.3 Hot Spot Size

The length of the semi-major axis of the ellipse (i.e., the size of the hot spot) must be defined.
Because the method used to detect the possible presence of a hot spot will be field screening for
volatile organic constituents, and these constituents tend to readily diffuse in a porous medium
such as soil, a rather large hot spot size can be selected. For this effort, the distance of the semi-
major axis of the ellipse of interest (L) will be assumed to be 5 m (16 t). If it is assumed that the
shape (S) of interest is 0.8 (i.e., the contaminants of concern have moved only slightly further in
the direction perpendicular to the asphalt than parallel to the asphalt or vise versa), and the
acceptable probability of not finding a hot spot, which correlates to false positive decision error,
is 10% (this is a consumer's risk, P, of 0.1), the nomograph can be used to solve for the grid
spacing (G).

Using the tolerances-specified results in a value for LIG of approximately 0.61, G can be
resolved as follows:

G -16fret -26.229feet Equation A-2
0.61

Using this sampling design will require collecting samples every 7.995 in (26.229 ft). For
practical purposes, a grid spacing distance of 8 m (25 01) will be used, which would correspond
to a slight decrease of the semi-major axis size of interest to 4.65 m (15.25 ft). Therefore,
sample collection will be conducted starting at a randomly chosen location within the first
8 linear m (25 linear it) of the corner of the asphalt surface, then once every 8 in (25 Ri) along the
edge of the asphalt. If organic vapors are detected at any of the measurement locations,
additional measurements can be taken on a finer grid interval from those locations to further
delineate and characterize the hot spots detected.
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AEA
AG
bgs
CE
CERCLA

CF
CLARC
CM
COC
CPT
CVAA
DM
dpm
DQA
DQO
DR
EPA
G
GC/MS
GEA
GPC
GW
HASQARD

HEIS
HEPA
ICP
LSC
MS
N/A
OVM
P
ppbv
ppmv
QAPjP
QC
RCRA
RSW
SAP
SC
SVOC
SWITS
TBC

alpha energy analysis
amber glass
below ground surface
container code for self-contained equipment
Comprehensive Environmental Response, Compensation, and
Liability Act of 1980
container code for fiberboard/plastic boxes, cartons, cases
cleanup levels and risk calculations
container code for metal boxes, cartons, cases
contaminant of concern
cone penetrometer
cold vapor atomic absorption
container code for metal drums, barrels, kegs
disintegrations per minute
data quality assessment
data quality objective
decision rule
U.S. Environmental Protection Agency
glass
gas chromatography/mass spectrometcry
gamma energy analysis
gas proportional counting
groundwater
DOE/RL-96-68. Hanford Analytical Services Quality Assurance
Requirements Documents
Hanford Environmental Information System
high-efficiency particulate air (filter)
inductively coupled plasma
liquid scintillation counting
mass spectrometry
not applicable
organic vapor monitor
plastic
parts per billion by volume
parts per million by volume
quality assurance project plan
quality control
Resource Conservation and Recovery Act of 1976
retrievably stored waste
sampling and analysis plan
container code for HEPA filters
semivolatile organic compound
Solid Waste Information and Tracking System
to be considered
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TBD
Tri-Party Agreement
TRU

VOC
WIDS

to bc dctonnincd
Hanford Federal Faciliciy Agreement and Consent Order
waste materials contaminated with more than 100 nCiLg of
transuranic materials having half-lives longer than 20 years
volatile organic compound
Waste Information Data System
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MIETRIC CONVERSION CHART

If You Know
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sq. inches
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sq. miles

acres
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pounds
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teaspoons

tablespoons

fluid ounces

cups

pints

quarts

gallons

cubic feet

cubic yards

Temperature

Fahrenheit

Radioactivity

picocuries

Into Metric Units

Multiply By

25.4

2.54

0.305
0.914

1.609

6.452

0.093

0.836

2.6
0.405

28.35
0.454

0.907

5

15

30
0.24

0.47

0.95

3.8
0.028

0.765

subtract 32,
then
multiply by
5/9

37

To Get
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Meters
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sq. centimeters
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sq. meters

sq. kilometers
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Kilograms
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Milliliters

Milliliters

Milliliters

Liters

Liters

Liters

Liters

cubic meters

cubic meters

Celsius

millibecquerel

If You Know
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centimeters

meters

meters
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sq. centimeters

sq. meters

sq. meters

sq. kilometers

hectares

Mass (weight)
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metric ton

Volume

milliliters

liters

liters
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cubic meters
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Temperature

Celsius
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millibecquerels

Out of Metric Units

Multiply By

0.039

0.394

3.281
1.094

0.621

0.155

10.76

1.196
0.4

2.47

0.035

2.205
1.102

0.033
2.1

1.057

0.264

35.315

1.308

multiply by
9/5, then add
32

0.027
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1.0 INTRODUCTION

This sampling and analysis plan (SAP) was developed to determine whether contaminants have
been released to the vadose zone from retrievably stored waste (RSW)' in the 218-E-12B Burial
Ground in the 200 East Area of the Hanford Site. This investigation addresses the Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement) Interim Milestone
M-91-40, Requirement 2 (Ecology et al. 1989a).

This SAP is based on the sampling design developed during a data quality objective (DQO)
process that was conducted specifically to plan the 218-E-1 2B Burial Ground sampling in
response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2 (WMP-20379,
DQO Summary Report for the 218-E-12B Burial Ground Contaminant Release Investigation).
The results of the DQO process are summarized in Section 1.3.

The DQO process was based in part on the DQO process that was performed for the
218-W-4C Burial Ground (CP-] 6886, Data Quality Objectives Summary Report for the
218-W-4C Burial Ground Contaminant Release Investigation). Differences from the sampling
design described in the 218-W-4C Burial Ground DQO report (CP-16886) are required for the
218-E-12B Burial Ground sampling design because of differences in the burial ground trench
designs. In addition, unlike the 218-W-4C Burial Ground, no characterization data were
available for the 218-E-12B Burial Ground before the sampling design was developed.

Figure 1-1 shows the location of the 218-E-12B Burial Ground in the 200 East Area on the
Hanford Site. Figure 1-2 shows the portions of the 218-E-12B Burial Ground trenches where
RSW is stored and where this investigation is applicable.

1.1 BACKGROUND

The 21 8-E-1 2B Burial Ground is located approximately 300 m (1,000 ft) north of the
241-C Tank Farm and south of 12th Street. The original burial ground was designed to contain
29 trenches. The expansion to the north and west enlarged the burial ground to create the
potential for 138 trenches orientated in a north-south direction. Sixty-one of the proposed
trenches were designed to be 370 m (1,212 ft) long, 31 of the trenches were designed to be
293 m (960 ft) long, and the remaining trenches would vary in length from 94 m (307 ft) to
580 m (1,901 ft). The first six trenches were 1.2 m (4 fl) deep. The rest of the trenches were
designed to be 4.8 m (16 ft) deep. The burial ground is marked and radiologically posted.

The 218-E- I 2B Burial Ground is located in the low-level burial grounds Resource Conservation
and Recovery Act of1976 (RCRA) treatment, storage, and disposal unit. The 218-E-1 2B Burial
Ground also is included in the Comprehensive Environmental Response, Compensation, and
Liability Act of1980 (CERCLA) 200-SW-2 Radioactive Landfills and Dumps Group Operable
Unit (DOEIRL-98-2 8, 200 Areas Remedial Investigation/Feasibility Study Implementation
Plait - Environmental Restoration Program).

'Retrievably stored for purposes of the Atomic Energy Act of 1954.
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Figure I -. Locations of the 20() East Area on the Hanford Sitc and the 218-E- 2B Burial
Ground in the 2hU East Area.
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Figure I-2. I ocation of Retrievably Stored Waste in the 218-E- 12B Burial ( round
Crenches I- 7 and [II

H
27 1 LEGEND

Trench Number

Retrevably Stored Waste

Other Waste
Not to Scale

The 218-E-12B Burial Ground began operating in 1967. As of 1995, the 218-F- 1213 Burial
Ground had received 78,740 mn (102,988 yd3) of solid, low-level waste generated mostly from
facilities in the 200 East Area. Thirty-six trenches were filled completely and two were filled
partially. Trench 94 contains U.S. Navy vessel defueled reactor compartments that were placed
in this trench for disposal. A large portion of the property designated as the 21 8-E- 1213 Burial
GI ound hali cvr bee n used.

Suspect T RU- waste orniinating from the Plutonium- Uraniurn Extraction Facility was placed in
the southern portions of 218-E-1 2B Burial Ground Trenches T- 17 and T-27 between May 1970
and October 1972 (Figure 1-2). Sixteen containers of suspect TRU 3 waste also were placed in the
northern portion of Trench 1-1 7. The Solid Wastc In/briion and Tracking Sistem (SWITS)
identifies 2,943 containers in the 21 8-E- I 2B Burial Ground as suspect TRIU waste. The
containers consist of 2,882 drums, with the remainder being boxes or other containers.
The 2.882 drums include 2 873 208 L (55-gal) drums, Fve 114 L (30-gal) drums, and
4 containers listed in SWTTS as 3x3x4'-size drums with a volume of 1022 L (270 'al). The
3x 3x4 odd-size containers likely at-c misidenti fied as drums. WIC-EP-0225, Contact-Iandlcd
Waste Charac erizaiion Based on Existine Records. identifies 2,944 containers as suspect TRU

I ransiranic ( sZaste maictials contaminated with mole than 100 I /( i'Li of tiasurainic materials havine half-Oves
longir than 20 years).
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waste in the 218-E-12B Burial Ground. It is unclear why WIIC-EP-0225 and SWITS diffzrby
one container in their respective inventories.

Drums were stacked horizontally in earthen trenches from 1970 to 1972. The waste drums were
"direct buried" in the ground (i.e., not on asphalt pads as they are in the 218-W-4C Burial
Ground) without tarps or plywood to separate the soil overlying the waste. Direct contact with
the soil may increase the probability that containers have corroded and might be breached
(WHC-EP-0225). Figure 1-3 shows the drum placement configuration used in the
218-E-12B Burial Grounds from 1970 to 1972.

The southeastern portion of the burial ground, which includes Trench T-17, was interim
stabilized in 1981 with 46 to 61 cm (18 to 24 in.) of uncontaminated soil. The portion containing
Trench T-27 was not interim stabilized. As a result, the thickness of the soil overlying
Trench T-27 is expected to be less than the thickness of the soil overlying Trench T-17 (Waste
Information Data System Report for 218-E-12B) (WIDS).

Surveillance and maintenance of the stabilized portion of the burial ground is performed
periodically. In January 2000, two contaminated tumbleweeds were removed from the site
(WIDS). The tumbleweeds read from 29,000 to 59,000 disintegrations per minute
(dpm)/100 cm 2 beta/gamma and less than 20 dpm alpha. In addition, 13 tumbleweed fragments
read from 2,500 to 399,000 dpm/100 cm 2 beta/gamma. The maximum dose rate was less than
0.5 mrem/h with the instrument window closed, implying that this total dose reading was
primarily from gamma radiation, and 9.6 mrem/h when the instrument window was open,
implying that this total dose reading was from both beta and gamma radiation.

A surface radiological survey of the stabilized portion was conducted from December 2003
through February 2004 (WIDS). Many growing, contaminated tumbleweeds were removed from
the burial ground trenches.

The number of containers and the estimated dose rates for remote-handled and contact-handled
waste in Trenches T-17 and T-27 in the 218-E-12B Burial Ground are summarized in Table 1-1,
According to SWITS, 96 containers are classified as remote handled. Three containers are boxes
and the remaining 93 are drums. Remote-handled waste, when exhumed, will require special
handling that may include time, distance, and shielding to protect workers from radiation dose.
Tri-Party Agreement Interim Milestone M-91-41 (Ecology et al. 1989a) requires that full-scale
retrieval of remote-handled RSW be initiated by 2011.
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Table 1-1. Estimated Number of Containers by Dose Rate
(from 218-E-12B Trenches T-17 and T-27).

Contact Dose Rate (mremn/h) Number of % of Cuminulatihe
Handled/Remote Containers Containers

Handled ~

Contact handled 5200 2,847 96.7 96.7
Remote handled > 200 to 1,000 48 1.6 98.4

Remote handled > 1,000 to 2,000 20 0.7 99.0
Remote handled > 2,000 to 5,000 22 0.7 99.8
Remote handled > 5,000 to 10,000 1 < 0.1 99.8
Remote handled > 10,000 to 20,000 2 0.1 99.9
Remote handled > 20,000 to 30,000 3 0.1 100.0
Remote handled > 30,000 0 0 100.0

Totals 2,943 100.0 --

Table 1-2 summarizes the contents of the 218-E-12B Burial Grounds by trench and
container type. The container types include drums, self-contained equipment, cardboard boxes,
metal boxes, and high-efficiency particulate air (H EPA) filters. Eight HEPA filters are identified
as a container type. The SWITS does not make clear if these HEPA filters are disposed of as is
or if they are inside a container.

Table 1-2. Summary of the 21 8-E-12B Burial Ground Containers
by Trench and Container Type.

Trench T-17 Trench T-27
ContainerContainers Vo (in) Containers Vol (m3)

30-gal drum DM 5 0.58---

55-gal drum DM 2634 553.14 239 50.19

270-gal drum DM -- 4 4.08

Self-contained equipment CE 1 0.210 -- --

Fiberboard/plastic boxes, CF 24 2.98 --

cartons, cases

Metal boxes, cartons, cases CM 28 21.10 --

HEPA filters SC 8 4.94 --

Totals 2700 582.95 243 54.99
CE = self-conained equipment.
CF = fiberboard/plastic boxes, cartons, cases.
CM = metal boxes, cartons, cases.

DM - metal drums, barrels, kegs.
IIEPA = high-efficiency particulate air.
SC = H EPA filters.
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1.2 CONTAMINANTS OF CONCERN

Contaminants of concern (COC) for sampling and analysis at the 218-E-12B Burial Ground in
response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2, were
determined during the DQO process conducted to support development of this SAP
(WMP-20379).

Because no vent risers are present at the 218-E-12B Burial Ground, an alternative to the
requirements specified in Tri-Party Agreement Interim Milestone M-91-40, Requirement 2
(Ecology et al. 1989a) to sample the vent risers was addressed by the DQO process. The
resolution was to perform passive soil-vapor sampling in the overlying soil covering the
applicable portions of Trenches T-17 and T-27 from which RSW will be retrieved.

For passive soil-vapor sampling in the overlying soils and active soil-vapor sampling in the
vadose zone, the COCs will include only volatile organic constituents. Soil-vapor monitoring
and radiation screening on the surface of the trench floor will be performed using hand-held
instruments for total organic vapor concentrations and gross beta/gamma and gross alpha
activities. Substrate soil samples from the first 15.2 cm (6 in.) of native soils will be analyzed
for suites of RCRA constituents that include metals, volatile organic compounds (VOC), and
semivolatile organic compounds (SVOC) and for a suite of CERCLA radiological constituents
that are not subject to Tri-Party Agreement Interim Milestone M-91-40, Requirement 2. Source,
special nuclear, and byproduct materials, as defined by the Atomic Energy Act of 1954, as
amended, are excluded from the RCRA definition of solid waste. Such materials at the Hanford
Site are subject to management under the sole authority of the U.S. Department of Energy, even
when commingled with a hazardous component that is subject to regulation under RCW 70.105,
"Public Health and Safety," "Hazardous Waste Management," (the Washington State Hazardous
Waste Management Act of 1976). Accordingly, any procedures, methods, data, or information
provided to regulatory agencies, that are contained in this document and that relate solely to
radionuclides or to the radioactive component of mixed waste, are for information purposes only
and are outside the scope of the regulatory agencies' authority. Radionuclides, when they are
COCs, may be regulated pursuant to CERCLA cleanup actions. The radionuclides discussed in
this SAP are regulated pursuant to the Atomic Energy Act of 1954 and CERCLA, in accordance
with responsible agency protocols.

The passive soil-vapor samples will be analyzed for VOCs by the vendor of this technology at
the vendor's laboratory. The list of specific VOCs that will be analyzed is the list provided by
the vendor. The VOCs that will be analyzed in active soil-vapor samples using field-screening
methods will depend on the availability and configuration of the specific field-screening
instrument used. The VOCs that will be analyzed in active soil-vapor samples using laboratory
analytical methods will include the full suite of VOCs identified in the laboratory test method.
Soil-vapor samples collected using active soil-vapor sampling techniques for laboratory analysis
will be analyzed for VOCs using U.S. Environmental Protection Agency (EPA) methods that can
identify individual VOCs in vapor mixtures:

* Method TO-14 (EPA/600/4-89/017, Compendium ofMethodsfor the Determination of
Toxic Organic Compounds in Ambient Air)
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- M:hod TO- 5 (EPA'625.'R-96.'0 lb, Con pwndiumnof~iferk:o:s for th:eDThcnminarion of
Toxic Organic Conpounds in Ambient Air. Second Edition)

* Method 8260B (SW-846, Test Methodsfor Evaluating Solid Waste: PhYsical/Chemical
Methods, Third Edition; Final Update Ill-A).

These methods are similar to the analytical methods used to analyze the soil-vapor samples
collected using active sampling techniques at vent risers in the 218-W-4C Burial Ground in 1996
(HNF-SD-WM-RPT-309, Report on Sampling and Analysis ofAir at Trenches 218-W-4C and
218-W-5 #31 of the Low Level Burial Grounds) and in 2003.

To identify and quantify the metals, VOCs, and SVOCs in soil samples, full-suite analytical
methods will be used. Soil samples will be analyzed for VOCs using SW-846 Method 8260B,
for SVOCs using SW-846 Method 8270C, and for metals using EPA Method 200.8
(EPAI600/R-94/1 11, Methodsfor the Determination of Metals in Environmental Samples,
Supplement 1) or SW-846 Method 6010B. (If Method 6010B is used, mercury will be analyzed
by SW-846 Method 7471 A.) Tentatively identified compounds (i.e., organic constituents that
are not contained in the calibration standards used for these analyses) also will be qualitatively
identified by the full-suite analyses for VOCs and SVOCs and will be reported for evaluation.
Soil samples will be analyzed for radionuclides by the appropriate laboratory methods used for
individual isotopes and classes of radionuclides of concern.

The COCs for soil-vapor samples, trench floor surveys, and soil samples are listed in Tables 1-3
through 1-5, respectively.

Table 1-3. Contaminants of Concern (Volatile Organic Compounds)
for Soil-Vapor Sampling. (2 Pages)

Passive Soil-Vapor Samples

Laboratory analysis for 1,1-dichloroethane, 1,2-dichloroethane, 1,4-dichlorobenzene, benzene, carbon
tetrachloride, chlorobenzene, chloroform, cis-1,2-dichloroethene, ethylbenzene, toluene, tetrachloroerhene,
trans-1.2-dichloroethene, trichloroethene, xylene using SW-846 Methods 5041A and 8260B. This list of VOCs is
provided by the vendor of the passive soil-vapor technology.

Active Soil-Vapor Samples

Field screening for carbon tetrachloride and chloroform using the Innovaa multi-gas analyzer and/or for carbon
tetrachloride, chloroform, 1,1-dichloroethane, tetrachloroethene, 1,1,1 -trichloroethane, methylene chloride,
trichloroethene, and 1,1,2-trichloroethane using the field-based gas chromatograph and/or for acetone, ammonia,
benzene, n-butyl alcohol, carbon dioxide, carbon disulfide, carbon tetrachloride, chlorobenzene, chloroform,
p-dichlorobenzene. 1,1-dichloroethane, 1,2-dichloroethene, ethyl benzene, ethyl chloride (chloroethane), ethylene
dichloride (1,2-dichloroethane), methane, methyl chloride (chloromethane), methyl chloroform
(1,1,l-trichloroethane), methyl ethyl ketone (2-butanone), methyl isobutyl ketone (4-metrhyl-2-pentanone).
methylene chloride, tetrachloroethene, styrene, toluene, 1,1,2-trichloroethane, 1,1,2,2-tetrachloroethane,
trichloroethene, vinyl chloride, vinylidene chloride (1,1-dichloroethenc), and xylene using the MIRAN SapphiRe
Ambient Air Analyzer' (MIRAN analyzer). The VOCs listed for each field-screening instrument are those for
which that instrument is calibrated. The MIRAN analyzer can be used to scan for all these compounds and
identify up to five compounds with the highest concentrations. The MILAN analyzer also can be used to analyze
for any compounds detected during the passive soil-vapor survey for which it is calibrated.
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Table 1-3. Contaminants of Concern (Volatile Organic Compounds)
for Soil-Vapor Sampling. (2 Pages)

Active Soil-Vapor Samples (cont)
Laboratory analysis for full suite of VOCs using GC/MS Method 82602 (SW-846), EPA Method TO-14
(EPA/600/4-89/017). or EPA Method TO-IS (EPA/625/R-96/Ol0b).

Innova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.
"MIRAN and the SapphiRe Ambient Air Analyzer are registered trademarks of 'Termo Electron Corporation, Franklin,

Massachusetts.
EPA/600/4-89/017, Compendiunm of Methods/or the Determnination of Toxic Organic Compounds in Abient Air.
EPA/625/R-96/Ol0b, Compendium ofMethodsfor the Determination of Toxic Organic Compounds in Ambient Air.

Second Edition.
SW-846, Test Methods for Evoluating Solid Waste: Physical/Chemical Methods Third Edition: Final Update Ill-A.
EPA - U.S. Environmental Protection Agency.
GC/MS - gas chromatography/mass spectrometry.
VOC - volatile organic compound.

Table 1-4. Contaminants of Concern for Trench Floor Organic Vapor
Monitoring/Radionuclide Surveys.

Volatile Organic Compounds

Surveys using hand-held monitoring devices (e.g., organic vapor monitoring) that detect total organic vapor
concentrations.

Radionuclides

Surveys using hand-held monitoring devices that detect gross gamma/beta and gross alpha activities.

Table 1-5. Contaminants of Concern for Substrate Soil Sampling.
Metals

Laboratory analysis for full suite of metals using inductively coupled plasma (SW-846 Method 6010B or EPA
Method 200.8) and for mercury (SW-846 Method 7471A or EPA Method 200.8).

Volatile Organic Compounds

Laboratory analysis for full suite of VOCs using GC/MS (SW-846 Method 8260B).

Semivolatile Organic Compounds

Laboratory analysis for full suite of SVOCs using GC/MS (SW-846 Method 8270C).

Radionuclides

Laboratory analyses for a target list of radionuclides consisting of isotopic americium (AEA), isotopic plutonium
(AEA), isotopic uranium (AEA), total radioactive strontium (GP), Tc-99 (LSC),Cs-137 (GEA), Co-60(GEA),
Eu-152 (GEA), Eu-154 (GEA), Eu-155 (GEA), and Ni-63 (LSC) using AEA, GPC, LSC, or GEA as indicated.

EPA 200.8 is found in EPA/600/R-94/l 11, Methods for the Determination of Metals in Environmental Samples. Supplenent 7.
SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Alethods. Third Edition: Final Update Ill-A.
AEA
EPA
GC/MS
GEA

- alpha energy analysis.
- U.S. Environmental Protection Agency.
- gas chromatography/mass spectrometry.
- gamma energy analysis.

GPC - gas proportional counting.
LSC - liquid scintillation counting.
SVOC - semivolatile organic compound.
VOC - volatile organic compound.
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1.3 DATA QUALITY OBJECTIVES

The DQO process used to support the development of this SAP followcd EPA'600/R-96055,
Guidancefor the Data Qualitv Objectives Process. The DQO process is a strategic planning
approach that provides a systematic process for defining the criteria that a data collection design
should satisfy. Using the DQO process ensures that the type, quantity, and quality of
environmental data used in decision making will be appropriate for the intended application.

This section summarizes the key outputs resulting from the implementation of the seven-step
DQO process. Additional details are included in the DQO summary report (WMP-20379).

1.3.1 Statement of the Problem

To assess whether contaminant releases to the environment have occurred from the RSW that
will be retrieved from the 218-E-12B Burial Ground, data regarding concentrations of burial
ground contaminants of concern in the substrate soils are needed, in accordance with the
Tri-Party Agreement Interim Milestone M-91-40, Requirement 2 (Ecology et al. 1989a).

1.3.2 Decision Rules

Decision rules are developed from consideration of the principal study questions, decision
statements, remedial-action alternatives, data needs, COC action levels, analytical requirements,
and scale of the decisions. Decision rules are structured as "IF.. .THEN" statements that indicate
that the action that will be taken when a prescribed condition is met. Decision rules incorporate
the fol.lowing:

. Population parameter of interest (e.g., the population mean concentration)

* The statistic that will be used to estimate the population parameter of interest
(e.g., the sample mean as estimated by the 95 percent upper confidence limit of
the sample distribution)

. The scale of the decision (e.g., location)

. The preliminary action level(s) (e.g., COC concentration above which a specific action
will be taken)

* The resulting actions.

The decision rules developed during the DQO process for sampling at the 21 S-E-1 2B Burial
Ground in response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2,
support decision making for the 218-E-12B Burial Ground (WMP-20379). The decision rules
are summarized in Table 1-6.
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Tab!c 1-6. Decision Rules.

DR # Decision Rule

If the VOC vapor concentrations mcasured in samples collected from the soil
overlying RSW trenches in the 218-E-12B Burial Ground are greater than the

I compound-specific detection limits* for the analytical equipment, then add the
detected VOCs to the COC list for sampled trenches and use the detected or maximum
detected concentrations to identify the locations for.subsequent trench floor surveys;
otherwise do not add to the COC list or identify survey locations.

If the trench floor beneath the buried waste has visual indications of staining from
contact with organic solvents, and/or the detected VOC vapor concentrations on the
trench floor surface are greater than the compound-specific detection limits* for the

2 analytical equipment, and/or the detected radiological activity on the trench floor is
greater than the background radiation detected by the field detector, then use the
hot-spot locations to guide substrate soil characterization beneath the surface of the
trench floor; otherwise, hot-spot locations are not available to guide substrate soil
characterization.

If the VOC soil-vapor concentrations in the vadose zone soil underlying the trench
floor are greater than the compound-specific detection limits* for the analytical
equipment, and/or the detected radiological activity on sampling equipment removed

3 from the subsurface during this vadose zone soil-vapor sampling is greater than the
background radiation detected by the field detector, then use those locations to guide
substrate soil characterization; otherwise, hot-spot locations are not available to guide
substrate soil characterization.

If the detected chemical or radiological constituent concentrations in the substrate
soils beneath the trench floor are greater than the action levels defined in Table 2-2,
then decision makers will evaluate the need for additional characterization deeper in

4 the vadose zone through the cleanup processes set forth in RCRA and/or CERCLA
and will add the identified COCs to the conceptual distribution model; otherwise,
decision makers will evaluate the data and decide against additional characterization
deeper in the vadose zone and adding COCs to the conceptual distribution model.

*Compound-specific detection limits per Tables 2-1 and 2-2 in this sampling and analysis plan.
CERCLA - Comprehensive Environmental Response, Compensation. and Liability Act of 1980.
COC - contaminant of concern.
DR - decision rule.
RCRA - Resource Conservation and Recovery Act of 1976.
RSW - retrievably stored waste.
VOC - volatile organic compound.

1.3.3 Error Tolerance and Decision Consequences

Because analytical data only can estimate the true condition of the site under investigation,
decisions that are made based on measurement data potentially could be in error
(i.e., decision error). For sampling designs that are statistically based, statistical methods
normally used to quantify uncertainty can be used to probabilistically determine decision errors.
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For sampling dcsigns th-t arc nonstatistical!y b:szd (i.e., judgmenta!), uncertainty is cva!uatzd
qualitatively to estimate decision error.

The charter for the characterization in this study is Tri-Party Agreement Interim Milestone
M-91-40, Requirement 2 (Ecology et at. 1989a). The directive in the milestone includes initial
sampling through vent risers in the burial grounds before waste retrieval. Because the
218-E-12B Burial Ground has no vent risers, no vent riser sampling can be performed. Instead, a
statistical sampling design aimed at identifying soil-vapor hot spots will be performed
(Appendix A).

A focused sampling approach will be used to guide selection of locations for vadose zone
soil-vapor sampling and soil sampling in the substrate soils following waste retrieval.
Sampling locations will be based on the following:

* Location of any soil-vapor hot spots identified in the overlying soils before waste
retrieval

. Visual observations of the trench floor

" Organic monitoring and radiological surveys conducted on the trench floor and during
sample collection activities

. Results of previous soil-vapor sampling.

The uncertainty associated with the decisions to be made based on determining whether the
substrate soils are contaminated is considered to be relatively low. The uncertainty associated
with missing a hot spot is quantified in the statistically based hot-spot sampling design
(Appendix A). That, coupled with collecting additional samples at biased locations based on
visual observations, conducting surveys of the soil-vapor on the trench floor and in substrate
soils, and conducting radiological surveys during sample collection further reduces the likelihood
of missing a hot spot if one is present.

The statistically based hot-spot sampling design is a form of random sampling. The shape of
the elliptical target of interest and the chance of missing an existing hot spot are specified.
Once these specifications are made, an estimate can be made of the grid spacing required to
detect a hot spot within the desired specification. The location of the first grid node is chosen
randomly, and the grid is laid out from there. The decision makers must specify the length of the
semimajor axis of the smallest hot spot important to detect, the expected shape of the elliptical
target, and an acceptable probability of not finding the hot spot. The probability of not finding
a hot spot is equivalent to the false positive decision error (i.e., determining that no COCs are
present in the soil vapor because no hot spot was found, when a hot spot actually exists). For the
purpose of this investigation, the proposed length of the semimajor axis for soil-vapor sampling
in the overlying soils is 3 m (10 fl), the proposed shape of the elliptical target is an ellipse with a
major-axis-to-semimajor-axis ratio of 1:0.8, and the proposed acceptable probability of not
finding a hot spot is 10 percent. If a statistically based sampling design is implemented for
substrate and/or vadose zone characterization, the proposed length of the semimajor axis is 5 m
(16 fl), the proposed shape of the elliptical target is an ellipse with a major-axis-to-semimajor-
axis ratio of 1:0,8, and the proposed acceptable probability of not finding a hot spot is 10 percent.
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1.3.4 Sample Design Summary

This summary provides the basis for the sampling design. The details of the sampling design are
presented in Chapter 3.0.

The sampling design presented in this SAP was developed during the DQO process
(WMP-20379) in response to the Tri-Party Agreement Interim Milestone M-91-40,
Requirement 2 (Ecology et al. 1989a). The primary elements of the sampling design,
as specified in the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2, are vapor
sampling through vent risers in the trenches before waste retrieval and characterization of the
substrate soils beneath the trenches following waste retrieval. Because the 218-E-12B Burial
Ground has no vent risers, a sampling design has been developed to characterize soil vapor that
may be present in the soils overlying the trenches before waste retrieval. This investigation
applies only to the retrievably stored suspect TRU waste in the trenches in the 218-E-12B Burial
Ground (the portions of the trenches indicated in Figure 1-2).

Resources in the sampling design are focused in areas with the highest potential for detecting the
burial ground COCs and moving to additional sampling in a focused manner. This calls for
a three-step sampling design. In Step I, this approach targets the soil overlying the
218-E-12B Burial Ground trenches before beginning waste retrieval operations, an activity
expected to have the lowest degree of uncertainty and the lowest cost. Passive soil-vapor
sampling will be conducted in the overlying soils. In Step II, the sampling design shifts to the
trench floor and vadose zone soils. Visual observations, organic vapor monitoring, and
radiological surveys will be conducted on the trench floor. These data, and the data collected
during the soil-vapor surveys conducted in Step 1, will be evaluated to determine if additional
characterization in the vadose zone soils will be performed for VOCs in soil vapor and
radionuclides adhering to sampling equipment as it is retrieved from the subsurface. Step III
involves assessing the data collected in Step I and Step II, potentially leading to characterization
of the substrate soils beneath the retrieved RSW.

The Step I soil-vapor sampling will be conducted before waste retrieval. The Step II and Step III
sampling to characterize the surface of the trench floor, vadose zone soils, and substrate soils
will be conducted when the entire RSW portion of the trench has become accessible and
sampling activities will not interfere with waste retrieval operations.

Changes to the work scope detailed in the SAP may be required because of unexpected field
conditions, new information, health and safety concerns, waste left in place, or other unforeseen
conditions. Minor changes that have no adverse effect on the technical adequacy of the job
(i.e., on the DQOs) or schedule can be made in the field with approval by the project manager or
assigned task lead and can be documented in the daily field logbook and/or field summary
reports. Changes that affect DQOs will require concurrence by the U.S. Department of Energy,
Richland Operations Office, and the lead regulatory agency and can be documented through unit
managers' meetings. Alternatively, if substantial changes are required, the SAP can be revised
with U.S. Department of Energy, Richland Operations Office, and regulator approval.
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2.0 QUALITY ASSURANCE PROJECT PLAN

The quality assurance project plan (QAPjP) establishes the quality requirements for
environmental data collection, including sampling, field measurements, and laboratory analysis.
The QAPjP complies with the requirements of the following:

* Hanford Federal Facility Agreement and Consent Order Action Plan, Sections 6.5,
"Quality Assurance," and 7.8, "Quality Assurance" (Ecology et a]. 1989b), as applicable

* EPA/240/1B-0l/003, EPA Requirementsfor QualityAssurance Project Plans
(EPA QA/R-5), March 2001 as revised

" EPA/240/R-02/009, Guidancefor Quality Assurance Project Plans (EPA QA/G-5),
December 2002 as revised

* SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third
Edition; Final Update IH1-A, as amended

* DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements
Documents.

To meet the site-specific needs for the 218-E-12B Burial Ground sampling and analysis
investigation in response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2
(Ecology et al. 1989a), this QAPJP includes the following elements, which were developed
during the DQO process. The additional QAPjP elements required by EPA QA/R-5 are
addressed in the companion DQO summary report WMP-20379 or in other sections of this SAP.
A matrix that shows how the EPA QA/R-5 required elements are addressed is provided as
Appendix B to this SAP.

* Analytical Performance. Requirements for detection limits, precision, and accuracy are
presented in Section 2.1.

. Field Quality Control. The frequency and type of quality control (QC) samples to be
collected are addressed in Section 2.2.

. Sample Preservation, Containers, and Holding Time. The requirements for the
specific test and laboratory methods are addressed in Section 2.3.

* Onsite Measurements Quality Control. The specific types of QC samples for onsite
measurements and the frequency of collection are addressed in Section 2.4.

. Data Management. The processes use to manage the data generated as a result of the
activities described in this SAP are described in Section 2.5.

. Data Validation and Usability. Specific validation requirements, including the
frequency and level of validation, are addressed in Sections 2.6 and 2.7.
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- System and Performance Assessments, Frequency, and Corrective Actions. Th:
processes for conducting system and performance assessments and corrective actions are
found in Section 2.8.

. Technical Specifications. The technical specifications relevant to sample collection
(e.g., sample containers, field documentation, etc.) are found in Section 2.9.

2.1 ANALYTICAL PERFORMANCE
REQUIREMENTS

The applicable analytical methods and the associated requirements for detection limits, precision,
and accuracy are presented in Tables 2-1 and 2-2. The requirements for laboratory instrument
calibration and frequency are specified in the analytical methods referenced in the tables or in
statements of work provided to the laboratories before sample shipment.

2.2 FIELD QUALITY CONTROL

Field QC samples are collected to evaluate homogeneity, the potential for cross contamination,
and laboratory performance. Field QC for sampling at the 218-E-12B Burial Ground trenches
will differ depending on the type of sampling being conducted. Field QC includes collecting
duplicate, field-split, equipment-blank, and trip-blank samples.

For passive soil-vapor samples and vadose zone active soil-vapor samples collected in Tedlar3

bags or SUMMA 4 canisters for analysis, field QC will require the collection of duplicate samples
and equipment-blank samples. For vadose zone active soil-vapor samples drawn directly into the
field-screening instrument for analysis, field QC will require analysis of duplicate samples.

For soil samples, field QC will require the collection of duplicate samples, field-split samples,
and equipment-blank and trip-blank samples.

2.2.1 Duplicates

For passive soil-vapor samples collected on sorbent media, duplicates are defined as two
individual samplers placed in the same sarmple collection location and exposed to soil vapor over
the same time interval. These samples will be collected to evaluate variability of the sample
collection and analytical methodology by comparing two analyses of sample collection media
exposed to equivalent conditions.

For vadose zone soil-vapor samples collected in Tedlar bags, duplicates are defined as samples
collected with enough volume to permit two separate analyses, performed sequentially using the
same analytical equipment. These samples will be collected to evaluate performance of the
analytical methodology by comparing two analyses of the vapor concentration in one Tedlar bag.

3 Tedlar is a registered trademark of E. 1. du Pont de Nemours and Company, Wilmingron, Delaware.

'SUMMA is a trademark of Moletrics, Inc., Cleveland, Ohio.
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Table 2-1. Analytical Performance Requirements for Soil-Vapor Samples. (3 Pages)

Chemical Preliminary Action Level Qantitation li its
Contaminant orConcern Abstracts TBD GW Name/Analytical Technology Precision N'apor' Accurac%

Service # Industrial Protection Vapor%) ao
______ pfkg)l (mig/kg) ____________ ______ ____ ___

Field-Screening Measurements
Total VOCs N/A N/A N/A Organic vapor monitor b 10 ppmv +/-25 75- 125
Carbon tetrachloride 56-23-5 N/A N/A Innovac analyzer . - ppmv +/- 25 75- 125

56-23-5 N/A N/A Photovac lOS Plus4 gas chromatograph 0.20 ppmv +/- 25 75 - 125
56-23-5 N/A N/A MIRAN SapphilRe Ambient Air Analyzer' 0.05 ppmv - +/-25 75 - 125

Chloroform 67-66-3 N/A N/A innova multigas analyzer I ppmv +/- 25 75- 125
67-66-3 N/A N/A Photovac I OS Plus gas chromatograph 0.20 ppmv +/- 25 75- 125
67-66-3 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.07 ppmv +/-25 75- 125

1,1-dichloroethane 75-34-3 N/A N/A Photovac I OS Plus eas chromatograph 0.25 ppmv +/- 25 75 -125
75-34-3 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.4 ppmv 4/- 25 75-125

Tetrachloroethene 127-184 N/A N/A Photovac IOS Plus gas chromatograph 0.25 ppmv +/- 25 75 - 125
127-18-4 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.09 ppmv +/- 25 75- 125

1,1,l -trichloroethane 71-55-6 N/A N/A Photovac I0S Plus gas chromatograph 0.15 ppmv +/-25 75- 125
Methylene chloride 75-09-2 N/A N/A Photovac I OS Plus gas chromatograph 0.10 ppmv +/- 25 75- 125

75-09-2 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 4 ppmv +/-25 75- 125
Trichloroethene 79-01-6 N/A N/A Photovac I OS Plus gas chromatograph 0.10 ppmv +4/- 25 75- 125

79-01-6 N/A N/A M IRAN SapphilRe Ambient Air Analyzer 4 ppmv +/-25 75- 125
1,1,2-trichloroethane 79-00-5 N/A N/A Photovac IOS Plus gas chromatograph 0.10 ppmv +/-25 75-125

79-00-5 N/A N/A M I RAN Sapphil Re Ambient Air Analyzer 0.25 ppmv +/- 25 75 - 125
Acetone 67-64-1 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 5 ppmv +/-25 75-125
Ammonia 7664-41-7 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.7 ppmv +/-25 75- 125

Benzene 71-43-2 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 2 ppmv +/-25 75-125
n-butyl alcohol 71-36-3 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.25 ppmv +/- 25 75- 125
Carbon dioxide absolute 124-38-9 N/A N/A MIRAN SapphiiRe Ambient Air Analyzer I ppmv +/- 25 75- 125
Carbon dioxide differential 124-38-9 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 1.5 ppmv +/- 25 75- 125
Carbon disulfide 75-15-0 N/A N/A MIRAN SapphilRe Ambient Air Analyzer I ppmv +/-25 75-125
Chlorobenzene 108-90-7 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.4 ppmv +/- 25 75- 125
p-dichlorobenzene 106-46-7 N/A . N/A MIRAN SaphiRe Ambient Air Analyzer 0.25 ppmv +/-25 75-125
1,2-dichloroethene 540-59-0 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.6 ppmv +/- 25 75- 125
Ethyl beniene 100-41-4 N/A N/A MIRAN SapphilRe Ambient AirAnalyzer 1.2 ppmv -- 25 75-125
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Table 2-1. Analytical Performance Requirements for Soil-Vapor Samples. (3 Pags)

Prelminry ctio Leel'Target Required
Chemical Preliminar Action LeveV Quantitaton Limits

Contaminant of Concern Abstracts TBD Gw Name/Analytical Technology Precision Vapor' Accuracl
Serice # Industrial Protection Vapor apor (0I

Ethyl chloride 75-00-3 N/A N/A MIRAN SapphilRe Ambient Air Analyzer I ppmv +/-25 75- 125
(Chloroethane)
Ethylene dichloride 107-06-2 N/A N/A M I RAN Sapphil Re Ambient Air Analyzer 0.7 ppmv +/-25 75- 125
(I -2-dichloroethane)
Methane 74-82-S N/A N/A MIRAN SapphilRe Ambient Air Analyzer 1.5 ppmv +/-25 75 - 125
Methyl chloride 74-87-3 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 1.7 ppmv +1-25 75- 125
(Chloromethane)
Methyl chloroform 71-55-6 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.15 ppmv +/-25 75 - 125
(1,1.1-Trichloroethane)
Methyl ethyl ketone 78-93-3 N/A N/A MIRAN Sapphil Re Ambient Air Analyzer 1.6 ppmv +/-25 75- 125
(2-butanone)
Methyl isobutyl ketone 108-10-I N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.35 rpmv +1-25 75 - 125
(4-methyl-2-pntanone)
Styrene 100-42-5 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.6 ppmv +1- 25 75- 125
Toluene 108-88.3 N/A N/A MIRAN SapphilRe Ambient Air Analyzer I ppmv +/-25 75- 125
1,1.2.2-tesrachloroethane 79-34-5 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.25 ppmv +/- 25 75 - 125
Vinyl chloride 75-01-4 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.6 ppmv +/- 25 75 - 125
Vinylidene chloride 75-35-4 N/A N/A MIRAN SapphilRe Ambient Air Analyzer 0.2 ppmv +/-25 75 - 125
(',l-dichloroethene)
Xylne 1330-20-7 N/A N/A MIR AN SapphilRe Ambient Air Analyver 1.3 ppmv +1-25 75-125
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Table 2-1. Analytical Performance Requirements for Soil-Vapor Samples. (3 Pa es)
Prelminry ctio Leel"Target Required

Chemical Preliminary Action LevePrecision Vapr' AccurCContaminant of Concern Abstracts TOT GW Name/Analytical Technology Vapti L
Sere# i# Industrial Protection Vapor

(mg/kg) (mg/kg)
Laboratory Measurements

l.1-dichloroethane 75-34-3 N/A N/A Passive soil-vapor analysis using 2 to 5 ng/volume of +/-25 70-130
1,2-dichloroethane 107-06-2 SW-846 Methods 504 1A and 82600 absorbent
I,4-dichlorobcn7Cne 106-46-7
Renzene 71-43-2
Carbon tetrachloride 56-23-5
Chlorobenzene 108-90-7
Chloroform 67-66-3
cis-1,2-dichlorocthene 156-59-2
Ethylben7ene 100-41-4
Toluene 108-88-3
Tetrachloroethene 127-18-4
trans-l,2-dichloroethene 156-60-5
Trichlorocthene 79-01-6
Xylene 1330-20.7
Full suite of VOCs Compound- N/A N/A Active soil-vapor analysis using 2 to 5 ppbv +/-325 70- 3(1

specific Method TO-14 (EPA 600/4-89/017),
TO-IS (EPA 625/R-96-Ol0b), or

ISW-846 Method 8260B.

Tne preliminaryaction levelsare NIA for this study (as noted in WMP-20379).
bThc organic vapor monitor will include an 11.8 eV lamp. The lamp sill ionize and measure compounds with lower ionization potentials, such as carbon tetrachloride (ionization potit,

of i.47 cV). hlowever, the ioual conccutration rnesured may include other volatile organic compounds with ionization potentials less than 11.8 CV.
'Innova is a trademark of Innova AirTech Instruments AIS, Ballerup, Denmark.
'Photovac IOS Plus is a trademark of Photovac, Inc., Waltham, Massachusetts.
%I IRAN and the SapphlRe Ambient Air Analyzer are registered trademarks of Thermo Electron Corporation, Franklin. Massachusetts.
'te precision of the analyses using the MIRAN will be confirmed during calibration of the instirrm.ntt
EPA 60014-89M017, Compendium of Alethods for lte Deterninaton of Toxic Organic Compounds In Ambient Air.
EPA 625/R.96-0lOb. Compendium of Aerhods for the Determination of Toxic Organic Compounds in Ambient Air. Second Edition.
SW-846. Test Althods for Evaluating Solid Waste: Physienl/hemIcol Methods. Third Edition: rinal Update l1l-A.
W MP-20379. Doata Quality Objetrites Summary Report for the 218-E-128 Burial Ground Contaminant Release Investigation.
GW - groundwater. ppbv - parts per billion by volume. T13D - to be determined.
NIA - not applicable. ppmv - parts per million by volume. VOC - volatile organic compound.
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Table 2-2. Analytical Performance Requirements for Soil Samples. (4 Pages)
Preliminary Action Target Required

L eveP" Quantitation limits
Contaminant of CLattt Precision Accuracy Precision Accuracy

Concen Abstracts TBC GAN Name/Anzlvtical Technology Wter' Water Water* Soil SoilConern Semice# Industrial Protection Cone. Soil-OtherConc. (). (.) (M) (.
(pCI!g or (pCI/g or (pCLt or (pCIig or mg/kg)

_______________ mt/k2) mnt/kg) m__________/__ tl.) ______ ___ __

Field-Screening Measurements - Radionuclides!

Am-24I N/A N/A N/A PG-2 Nat detector N/A 5 pCi/g N/A N/A +20 30-120

iamma-emitting N/A N/A N/A Portable Nat detector N/A 6.2 pCi/g N/A N/A *20 4- 120
Radionuclides

SlIP380-AB Probe 90 dpm/100 cm 2

Gross alpha N/A N/A N/A DP6DB Probe N/A 20N/A N/A +20 SO- 20

(removable)

Laboratory Measurements - Radlonuclides

Americium-241 14596-10-2 22,400 TBD Americiumisotopic-AmAFA 1 I +20 80-120 +35 65-135

Cesium-137 10045-97-3 156 TBD GEA 15 0.1 i20 80-120 135 65-135

Cobalt-60 10198-40-0 32.8 TBD GEA 25 0.05 +20 80-120 t35 65-135

Europium-152 14683-23-9 78 TBD GEA 50 0.1 t20 80-120 ±35 65-115

Europium-154 15585-10-1 6.8 TBD GEA 50 0.1 *20 80-120 ±35 65-115

Europium-155 14391-16-3 2,840 TBD GEA 50 0.1 +20 80-120 ±35 65-135

Nickcl-63 13981-37-8 4,026 TBD Nickel-63 -liquid scintillation 15 30 ±20 80-120 ±35 65-135

Plutonium-238 13981-16-3 3,140 TBD Plutonium isotopic - Pu AEA I I +20 80-120 t35 15-135

Plutonium-239/2 40 Pu-239124 0 2,840 TBD Plutonium isotopic - Pu AEA I I +20 80-120 t35 65-I 5

Strontium-90 Rad-Sr 16,060 TBD Total radioactive strontium--GPC 2 I +20 80-120 t35 65-135

Techncrium-99 14133-76-7 2,740,000 TB!D Tcchnctium-99-liquid is 15 ±20 80-120 ±35 65-1 15
9 !scintillaton I_____ I________ I____ _____ ____ ___
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Table 2-2. Analytical Performance Requirements for Soil Samples. (4 Pages)
Preliminary Action Target Required

Le'eP" Quantitation Limits
Contaminant of Chemical Precision Accuracy Precision Accuracy

Abstracts TBC GW Name/Analytical Technology Watetr Water Water Soil SoilConcern Service # Industrial Protection Cone. Soil-Other Cone. (%) (.) (. (.)(pCI/g or (pCl/g or (pCI/L or (pCI/g or mg/kg)
I mg/kg) mv/kg) mg/L)

Uranium-234 13966-29-5 17,760 TBD Uranium isotopic-U AEA I 1 t20 80-120 t35 65-115
Uranium-235 15117-96-1 674 TBD Uraniumisotopic-UAEA I I :20 80-120 *35 65-135
Uranium-238 U-238 3.360 TBD Uraniumisotopic-UAEA I I t20 80-120 t35 65-135

Laboratory Measurements - Metals

2,400 5.42 SW-846 Method 601OB (ICP) or 0.06 6 +/-30 70-130 +1-30 0- 130Antimony 7440-36-0 ___________EPA Method 200.8 (ICP.'MS) ____

Arsenic 7440-38-2 87.5 20, SW-846 Method 6010B (ICP) or
Arsemc 744_-38-2 EPA Method 200.8 (ICP/MS) 0.2 10 +1-30 70-130 +1-3 ' 70. 30

245,001) 923 S 46 Method 6010B (ICP) or 0.2 20 +/-30 70-230 +1-30 70-130Barium 7440-39-3 EPA Method 200.8 (ICP) _ _.005 _.5 +/ 3 7-3 + _-3

7amu 404- ,0 .1 S 3-46 Mehod 6020 (ICP) or 0.005 0.5 +/- 30 70 -230 +/- 30 70 -130
7__4W 63.2 EP-846 Method 6010B (ICP) or

ChrWium 7440-47 U EPA Method 200.8 (ICPS) 0.005 0.5 +/-30 70- 130 +/-30 70- 130

31500 0.81d SW-846 Method 6010B (ICP) or
Cadmium 744043-9 3.500 02 EPA Method 200.8 (ICP;MS) 0.(5 0.5 +/- 30 70- 130 +/- 30 70- 13

ChoimUnlimited 2,000 SW-846 Method 60108 (ICP) or 0.01 1 +4-30 70- 130 +1.30 -0 -130Chroium7440-47-3 ____ EPA Method 200.8 (ICPoMS) _______ ________

Copper 7440-50-8 230,000 22 SWV-346 Method 60208 (ICP) or 00 13 010 +-0 -- 3

Lead 7439-92-1 Unlimited 840 SW.846 Mthod 6010B (ICP) or 0.1 10 +1-30 70- 30 +1-30 -0-30

7 -490,000 50.2 SP-846 Method 6010B (ICP) or 0.05 5 +/-30 70- 130 +/-30 70- 30Manganese 7439-96.5 70,000 '3. EPA Method 200.8 (ICPMS) -_.04 4+I_7-3_/ __-3

Nikl74-20 7,0' 130.4 SIV-846 Method 60108B (ICP) or 0.04 4 +1-30 70-1230 +-( i 3Nickl 740-020 'EPA Method 200.8 (2CP!MS) I____ _______ ________
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Table 2-2. Analytical Performance Requirements for Soil Samples. (4 Pages)

Preliminary Action Target Required

Chemical Level Quantitation Limits Precision Accuracy Precision Accuracy
Contaminant of Abstracts TBC GW Name/Analytical Technology Water Water Water Soil Soil

Concern Senrice # Industrial Protection ( ConC. Soil-Other Cone. (%) (.) (%) (%)
(pCL'g or (pCi/g or (pCi/IL or (pCilg or mg/kg)

mg/kg) mg/kg) mg/L)

17,500 1, S-846 Method 60103 (ICP) or 0.1 to +130 70-130 +/- 30 0- 130
Selenium 7782-49-2 EPA Method 200.8 (ICP/MS) I

17.500 0.884 SV-.846 Method 6010B (fCP) or 0.02 2 +1-30 70-130 +/-30 -0- 130
Silver 7440-22-4 EPA Method 200.8 (ICP'MS) ~

24,500 2240 SW-846 Method 6010B (ICP) or 0.025 2.5 +1-30 70-130 4-30 -0 - 130
Vanadium 7440-62-2 2 EPA Method 200.8 (ICP/MS)

Unlimited 226 SW-846 Method 6010B (ICP) or 0.01 I +1-30 70- 130 +1-30 -0- 130
Zinc 7440-66-6 EPA Method 200.8 (ICP/MS)

Mercu 7439-97-6 1,050 0.33' SW-846 Method 7471 A (CVAA) N/A 0.20 N/A N/A +/- 30 -n - 130
or EPA Method 200.8 (ICP/MS) I I I

Mercury 7439-97-6 1,050 0.33' S E846 Method 7470A (CVAA) 0.0005 N/A +/- 30 70- 130 N/A NA
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Table 2-2. Analytical Performance Requirements for Soil Samples. (4 Pages)
Preliminary Action Target Required

l.evel' Quantitation Limits -
Contaminant of Chemical Precision Accuracy Precision Accuracy

Concern Abstracts TC Name/Analytical Technology \Watr'- Water Water Soil Soil
Service h Industrial Protection Cone. Soil-Other Conc. (.) .(%) (.)

(pCi/g or (pCi/g or (pCi/. or (pCig or mg/kg)
img/kg) mLkg) mg/L)

Laboratory Measurements - SemIvolatlle Organics
Full site of Compun d- Compound- Compound- S -846 Method 8270C 0.02 0.33 to 0.85  +/ 30r 70- 30  + 3 .7 - r

Laboratory Measurements - Volatile Organies

Full suite of VOcs Compound. Compound- Compound- SW-846 Method 8260B' 0.005 0.005 to 0.05' + 30r 70 - 130 +/- 3o 70-130'
specific specific' specifier III

*The preliminary action levels for nonradionuclides are consistent with guidance contained in CIARC tables (Ecology 94-145) or risk based values used to determine the approprinate analytical
requirentnts (target required quantitation limits). The preliminary action levels for radionuclides are based on 100 mrem'yr above background and are used to determine appropriate anal% tit al
requirements.

"Water values for sampling quality control (e.g . equipment blanks/rinses) or drainable liquid (if recovered).
'Radiological contaminants of concern pertain to CERCIA activities only.
'Table 740-1 of WAC 173-340400. -Tables."
'No action levels are specified for general groupings of conptounds; action levels are compound-specific.
'Accuracycrileria are the minimum forassociated batch laboratory control sample perCent recoveries. .aboratorics must med statistically based control if more stringent. Additional

analyte-specific evaluations also performed for matrix spikes and surrogates as appropriate to the method. Precision criteria for batch laboratory replicate matrix sample analyses.
'Background valec.
'Values shown are "nominal" compound-specific minimums and maximutms. Most constituents will be within the given range. A limited number would have higher dctcction lii:s

Individual compounds will be evaluated against established laboratory contractual agreements (based on U.S. Environmental Protection Agency guidance documents).
'SW-846 Method 5035A will be used as appropriate for VOC sampling and preservation.
DP6DB. PG-2, and SlIP380-AID are trademarks of Eberline instruments. a subsidiary of Thermo Electron Corporation. Waltham, Massachusetts.

Ecology 94.145. Cleanup .etvii & Risk Calervda4ians under he AMoel Tot/cs ConieAd Ckanup Regnladraf (CLA R Pmes .3.1.
EPA/600IR-94'l I I. Afethor for the Deernnaion ofA kein/s In Envirnmcntnl Samples. Suppleent . .
SW-846. Test Atflhodr for Evaluating Solid Waste: Physicalrhemical Atethods. Third Edition: Final Update ll-A.
AEA - alpha energy analysis. GEA - gamma energy analysis.
CERCLA - Comprehensiv Environmental Response. GPC - gas proportional counting.

Compensation. nd Liability Act of 1980. GW - groundwater.
CLARC - cleanup levels and risk calculations. ICP - inductively coupled plasma.
CVAA - cold vapor atomic absorption. ICP/MS - inductively coupled plasma/mass spectometry.
dpm - disintegrations per minute. N/A - not applicable.
EPA - U.S. Environmental Protection Agency.

SVoC
TBC
TnD
VOC

- semivolatile organic compond.
- to be considered.
- in be determined.
- volatile organic compound.
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For vadose zone soil-vapor samples drawn directly into the field-screening instrument for
analysis. duplicates are defined as two separate analyses. perIfurIed sequentially. using the same
analytical equipment.

At least 5 percent of the total collected soil-vapor samples will be duplicated (i.e., I field duplicate
will be analyzed for every 20 samples or, at a minimum, I duplicate per day). The duplicate
samples will be designated during the field analyses. Where feasible, duplicates will be selected
after the initial sample is analyzed and shown to contain detectable concentrations of VOCs, so that
valid comparisons between the analyses can be made (i.e., concentrations will be above the
detection limit).

The following strategy will be used for analyzing duplicate Tedlar bag samples and duplicate
samples drawn directly into the field-screening instrument. One sample in every 20 samples will
be analyzed sequentially as a sample and then as a duplicate sample. The first sample in the
20-sample group with detectable VOCs will provide the duplicate sample for that 20-sample
group. If a second sample in the 20-sample group has a significantly higher VOC concentration,
it also may be analyzed as a duplicate sample. If the first 19 samples in the 20-sample group
have no detectable VOCs, the 2 0 'h sample will be used as the duplicate.

For vadose zone soil-vapor samples collected in SUMMA canisters, duplicates are defined as
independent samples collected as close as possible to the same point in space and time, taken
from the same source, stored in separate containers, and analyzed independently (i.e., not
homogenized). One duplicate sample will be collected for every 20 samples collected or, at a
minimum, I duplicate per day of the SUMMA-canister sample collection.

For soil samples, duplicates are defined in the same way as for vapor samples collected in
SUMMA canisters. Duplicate samples are useful in evaluating the degree of inhomogeneity in
the soil. One duplicate sample will be collected during soil sampling. Generally, the duplicates
should be collected from areas that are expected to have some contamination so that valid
comparisons can be made between the samples (i.e., at least some of the COCs will be above the
detection limit).

2.2.2 Field Splits

Field split samples are used to provide an estimate of the overall variability in the measurement
system (i.e., from sample collection through analysis). Field split samples will be collected for
soil samples only. One field split sample will be collected for every 20 samples. All split
samples will be retrieved from the same sample interval using the same equipment
(e.g., collected from one split spoon). Samples shall be homogenized, split into two separate
aliquots in the field, and sent to two independent laboratories. Field splits should be collected
from a zone that is contaminated. Zones of potential contamination will be determined by
evaluating data collected during Step I and Step 11 characterization (WMP-20379), maximizing
the potential for meaningful duplicate analysis results.
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2.2.3 Equipment Blanks

Equipment blanks will be collected at the same frequency that the duplicate samples were
collected, where applicable, and will be used to verify the adequacy of sampling equipment
decontamination procedures. -

For passive soil-vapor samples collected on sorbent media, no equipment blanks will be
collected. The sampling kits containing the collection media are provided in containers that
protect the media from the environment until they are opened and the media are immediately
placed in the sampling location. Thus, there is no decontamination procedure requiring
evaluation, and the sample collection media contact no sampling equipment requiring the type
of evaluation available through the use of equipment blanks.

A Tedlar bag might be re-used if the additional sample(s) is to be collected from the same
location and depth as the previous sample(s), and/or if no contaminants were detected in the
previous sample(s), and if the bag is in good condition. If the Tedlar bag is to be re-used, it will
be cleaned by filling and emptying it with atmospheric air a minimum of three times. The
cleaned Tedlar bags will be filled with certified clean air and analyzed to ensure that the Tedlar
bag material is not responsible for VOC cross contamination. Equipment blanks shall be
analyzed for COCs identified for soil vapor (Table 1-3) collected in Tedlar bags.

For vadose zone soil-vapor samples drawn directly into the field-screening instrument for
analysis, no equipment blanks will be collected.

SUMMA canisters are cleaned by the analytical laboratory. At the laboratory, cleaned SUMMA
canisters will be filled with certified clean air and analyzed for cleanliness. These cleaning batch
certification analyses will serve as equipment blanks and will be analyzed for VOCs. At least
10 percent of the cleaned, evacuated SUMMA canisters will be checked for cleanliness.

For soil samples, the equipment blanks shall consist of pure deionized water washed through
decontaminated sampling equipment and placed in containers identical to those used for actual
field samples. Equipment blanks shall be analyzed for COCs identified for soils (Table 1-3).

2.2.4 Trip Blanks

Trip blanks are prepared as a check for possible contamination originating from container
preparation methods, shipment, handling, storage, or site conditions. A trip blank will be
prepared for each batch (cooler) of soil. sample containers shipped. The trip blank shall consist
of pure deionized water added to clean sample containers. These containers will be transported
to the field with the bottle sets and will be returned unopened to the laboratory. The trip blanks
will be analyzed for VOCs only.

For passive soil-gas samples collected on sorbent media, one unused sampler will be opened and
immediately placed in the container provided for post-sample collection transport to the
laboratory. The unused media will be sent to the laboratory for analysis to check for
contamination that may occur during sample transport.
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Trip blanks are not required to accompany thc SUMMA canister or Tcd!a" bn esamp! ::.
The SUMMA canisters will be cleaned. evacuated, and scaled using a valve before sampling.
and resealed using a valve following sampling. The Tcdlar bags W ill be analyzed in the field,
negating the value of a trip blank. If Tedlar bags are sent to a laboratory for analysis (because
field analysis instrumentation is unavailable), the equipment blanks collected will serve the
purpose of the trip blank.

2.3 SAMPLE PRESERVATION, CONTAINERS,
AND HOLDING TIMES

Sample preservation, containers, and holding times are presented in Tables 2-3 and 2-4 for vapor
and soil-vapor samples and in Table 2-5 for soil samples. Final sample collection requirements
will be identified on the Sampling Authorization Form.

Table 2-3. Vapor Sample Preservation, Container, and Holding Time Guidelines
for Field Screening.

AMatrx Packing Holding
Analytes ArMlricy l atrix Tembr H Preservation Requirements TimePriority Number Volumeb

Volatile Organic Compounds

VOCs I Vapor TBD I L N/A N/A 6 hours
1Tedlar is a registered trademark of E. 1. du Pont de Nemours and Company, Wilmington, Delaware.
bThesc are optimal volumes, which may be adjusted downward to accommodate the possibility of small sample recoveries.

Minimum sample size will be defined on the Sampling Authorization Form.
N/A - not applicable.
TBD - to be determined.
VOC - volatile organic compound.

Table 2-4. Vapor Sample Preservation, Container, and Holding Time Guidelines
for Laboratory Analyses.

Analytical SUNBINA Canister' . Packing Holding
Analytes Priority j latrix NIursberr veiation Requirements Time

Volatile Organic Compounds

I Ambient temperature, 14-28
VOCs I Vapor TBD 6 L at or near atmospheric N/A days

I I I Jpressure
NOTE: Passive soil-vapor samples will be collected using the EMFLUX or GORE.SORBER technology. The
sampling will be conducted according to the vendor's instructions. In both cases, the vendor supplies the samplers.
Soil vapor is collected on solid adsorbent material while the samplers are placed in the soil. The samplers are then
sent back to the vendor for analysis.

'SUMMA is a registered trademark of Moletrics. Inc., Cleveland, Ohio.
'Ihis is the typical volume applicable to SUMMA canister sample collection (if used). A vacuum is applied to the SUMNIA canisters in a

laboratory, and they are shipped to the field with this negative pressure. Active soil-gas samples are drawn into the canister by opening a valve
and allowing gas to replace the vacuum. Thus. a volume of gas is contained in the SUMMA canister after collection. Minimumsample size
will be defined on the Sampling Authorization Form.

'ENIFLUX is a registered trademark of Beacon Environmental Services, Inc., Pcl Air, Maryland.
'GORE-SORI3ER is a registered trademark of W. L. Gore and Associates, San Francisco. Califomnia.
N/A - not applicable.
TfD - tobe detennined.
VOC - volatile organic compound.
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Table 2-5. Suil Sample Preservation, Container, and Holding Time Guidelines
for Laboratory Analysis.

AnalIes I Bottle .tIPacking IHolding
Analntes NMatri Amount' Presenvalio Requirements im

Priorltq Nube Typ I_________ I I__Time__

Chemicals

Metals (601B or 200.8) 3 Soil I G/P 10-500 g None None 6 months

Mercury (747 1 A or 4 Soil I G 5-125 g None Cool 40C 28 days
200.8)

VOC (8260B) I Soil 3 40 mL 200 g None Cool 40C 14 days
AG

SVOC (8270C) 2 Soil I AG 125-1000 g None Cool 4*C 14/40 days

Radionuclides

Americium isotopic 5 Soil I G/P 5 g None None 6 months
(AEA) I I

Uranium isotopic (AEA) 5 Soil I G/P 5 g None None 6 months

Plutonium isotopic 5 Soil I G/P 5 g None None 6 months
(AEA) -

Cesium-137 (GEA) 5 Soil I G/P 500 g None None 6 months

Cobalt-60 (GEA) 5 . Soil I G/P 500 g None None 6 months

Europium-152(GEA) 5 Soil I G/P 50og None None 6 months

Europium-154 (GEA) 5 Soil I G/P 500 g None None 6 months

Europium-155 (GEA) 5 Soil I G/P 500 g None None 6 months

Nickel-63 (LSC) 5 Soil I G/P log None None 6 months
Total radioactive 5 Soil I G/P 25 g None None 6 months
strontium (GPC) .

Technetium-99 (LSC) S Soil I G/P log None . None 6 months
fThese are optimal volumes, which may be adjusted downward to accommodate the possibility of retrieving a small amount

of sample.
bSoil samples that are submitted to the analytical laboratory for analyses for specific analyles require a minimum of a 10 g

soil sample for all 6010B analyses, a 5 g sample (which may be included in the same bottle as those for 6010B analysis) for
7471A analyses. a 30 g sample for 8260B analyses, and a 125 g soil sample for 8270C analyses.

EPA Method 200.8 is found in EPA/600iR-94/1 I1, Methodsfor the Determination ofAletals in Environmental Samples,
Supplement 1.

Four-digit EPA methods are found in SW-846, Test Alethods for Evaluating Solid Waste: Physical/Chemical Methods.
Third Edition; Final Update IIl-A.

- alpha energy analysis.
- amber glass.
- U.S. Environmental Protection Agency.
- glass.
- gamma energy analysis.

GPC - gas proportional counting.
LSC - liquid scintillation counting.
P - plastic.
SVOC - semivolatile organic compound.
VOC - volatile organic compound.

2.4 ONSITE MEASUREMENTS QUALITY
CONTROL

The collection of QC samples applies to the soil-vapor samples and soil samples described in
this plan. Field-screening instrumentation will be calibrated, maintained, and controlled
according to approved procedures.
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2.5 DATA MANAGEMENT

Data resulting from the implementation of this QAPjP will be managed and stored by the Fluor
Hanford, Inc., organization responsible for sampling and characterization, in accordance with
applicable data management procedures. At the direction of the task lead, all analytical data
packages will be subject to final technical review by qualified personnel before being submitted to
regulatory agencies or included in reports. Electronic data access, when appropriate, will be via
a database (e.g., Hanford Environmental Information System fHEIS] or a project-specific
database). Where electronic data are not available, hard copies will be provided in accordance
with Section 9.6 of the Tri-Party Agreement (Ecology et al. 1989a).

2.6 VALIDATION AND VERIFICATION
REQUIREMENT

Data verification and validation are performed on analytical data sets primarily to confirm that
sampling and chain-of-custody documentation are complete, sample numbers can be associated
with the specific sampling locations, samples were analyzed within the required holding times,
and analyses met the data quality requirements specified in the DQO summary report
(WMP-20379). For soil samples, data verification and validation will be conducted to level C as
defined in HNF-20433, Data Validation Procedurefor Chemical Analyses, and HNF-20434,
Data Validation Procedurefor Radiochiemical Analyses. Validation will be performed on a
minimum of one completed data package or 10 percent of the data by a qualified data validator.
A copy of the validated data package will be provided to the Washington State Department of
Ecology following completion of the data validation process. Formal data validation will not be
performed on field-screening analytical results. For field-screening data, the data will be
reviewed to ensure that they are usable.

2.7 DATA QUALITY ASSESSMENT

The data quality assessment (DQA) process is used to determine whether or not the data meet the
project DQOs. Additional steps of the DQA process involve data plotting, testing for outlying
data points, and statistical hypothesis testing relative to the null and alternative hypotheses stated
in the DQOs. When statistical sampling designs arc used, the outcome of the DQA process is a
statement that the statistical hypothesis testing suggests that the null hypothesis is accurate, that
the null hypothesis has been rejected, or that not enough data exist to make a determinative
conclusion based on the hypothesis test used. In the latter case, either additional data must be
collected to support the statistical hypothesis testing or the data user must make a decision with
higher uncertainty than the desired levels expressed in the DQOs.

The DQA chemists and statisticians recognize that data that are flagged during the data
validation process are not necessarily invalid. Flagged data are reviewed during the DQA
process to determine whether the validation flags affect the intended use of the data. During the
DQA activity for the data generated during characterization of the 218-E-12B Burial Ground, the
determination of whether or not any flagged data are recommended for use will be documented
in the DQA report.

2-14



DOE/RL-2004-32 REV 0

2.8 SYSTEM AND PERFORMANCE
ASSESSMENTS. FREQUENCY, AND
CORRECTIVE ACTIONS

All sampling, field analytical, and laboratory analytical services required by this SAP will be
performed in accordance with DOEIRL-96-68, Hanford Analytical Services Quality Assurance
Requirements Document (HASQARD). The HASQARD specifies the quality principles,
practices, and procedures for Fluor Hanford, Inc., and the subcontracted entities that provide
sampling and analytical services. The Fluor Hanford, Inc., Waste Disposal/Groundwater
Remediation Project will ensure that field analytical and sampling services are assessed and
evaluated in accordance with the HASQARD and Groundwater Remediation Project quality
assurance requirements. Laboratory analytical services will be assessed in accordance with
HASQARD as part of the scheduled HASQARD Integrated Contractor Audit Team assessment
or HASQARD-equivalent U.S. Department of Energy audits for laboratories providing services
under this SAP.

2.8.1 System and Performance Assessments

A system assessment is an evaluation of an entire system to ensure that it will meet the project
requirements. An example of a system assessment is an onsite laboratory audit that ensures that
the sample receiving, sample storage, sample analysis, data reduction, and documentation
procedures used at the laboratory will meet the requirements of the project. A performance
assessment is the evaluation of the performance of one aspect of a system. An example of a
performance assessment is the insertion of performance evaluation samples to test the laboratory
system. Performance evaluation samples are samples containing analytes of interest at known
concentrations. Neither a system assessment nor a performance assessment will be performed as
part of this project except as noted previously. However, both the project and the analytical
laboratory will comply with systems in place for these types of assessments.

2.8.2 Corrective Action

Corrective-action procedures are implemented whenever sampling, field monitoring, or
laboratory analysis results do not meet the required quality assurance/QC standards. The types
of corrective action that apply to environmental analysis are laboratory corrective actions and
field corrective actions.

2.8.2.1 Laboratory Corrective Action

Laboratories providing analytical services in support of this SAP will be responsible for
establishing a corrective action program that is consistent with the requirements of HASQARD.
Corrective action processes that shall be addressed by the laboratory include the following:

* Evaluation of impacts of laboratory QC failures on data quality
. Root cause analysis of QC failures
* Evaluation of recurring conditions that are adverse to quality
* Trend analysis of quality-affecting problems
" Implementation of a quality improvement process
. Control of nonconforming materials that may affect data quality.
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Implcm.cntation ofthcsc ccr-cclivc action procsszs will c'.-:auatzd as part of thc yearly
FIASQARD integrated Contractor Audit Team assessment or H ASQARD-equivalent
U.S. Department of Energy audits of laboratories providing services under this SAP.

2.8.2.2 Field Corrective Action

The field team leader and project manager are responsible for ensuring that all field procedures
are followed completely and that field personnel are trained adequately. The field team leader
and the project manager must document situations that may impair the usability of the samples
and/or data in the field logbook or nonconformance report forms in accordance with internal
corrective action procedures, as appropriate. The field team leader will note any deviations from
the standard procedures for sample collection, COCs, sample transport, or monitoring that
occurs. The field team leader also will be responsible for coordinating all activities relating to
the use of field monitoring equipment, such as dosimeters and industrial hygiene equipment.
Field personnel will document in the logbook all noncompliant measurements taken during field
sampling. Ultimately, the project manager, or the field team leader at the discretion of the
project manager, will be responsible for communicating field corrective action procedures, for
documenting all deviations from procedure, and for ensuring that immediate corrective actions
are applied to field activities. Problems with sample collection, custody, or data acquisition that
adversely impact the quality of data or that impair the ability to acquire data, or failure to follow
procedure, shall be documented in accordance with internal corrective action procedures as
appropriate.

2.8.3 Reports to Management

Reports to management on data quality issues will be made if and when these issues are
identified. These issues will be reported by laboratory personnel to the project manager.
Subsequently, standard reporting protocols (e.g., project status reports) will be used to
communicate these issues to management. Because no performance or system assessments are
planned as part of this activity, the project manager will not be providing audit or assessment
reports to management for this activity unless an unanticipated request is made to conduct such
an assessment. At the end of the project, a DQA will be prepared to evaluate whether the type,
quality, and quantity of data that were collected meet the intent of the DQO and SAP.

2.9 TECHNICAL SPECIFICATIONS

Sampling and field measurements will be conducted in accordance with the following
technical specifications.

2.9.1 Sample Location

Sample locations for soil-vapor sampling will be staked and labeled before the activity is started.
Sampling locations w'ill be staked by the technical lead or field team leader assigned to the
sampling activities described in this SAP. After the locations have been staked, minor
adjustments to the location may be made to mitigate unsafe conditions, avoid structural
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intcrfcrcncos, and bypass utilitics. Locations wi!! bC idcntificd during or aftcr sampling
following approved procedures. Changes in sample locations that do not affect the DQOs will
require approval of the Fluor Hanford, Inc., project manager for this SAP. However, changes to
sample locations that result in impacts to the DQOs will require decision-maker concurrence.

2.9.2 Sample Identification

The Fluor Hanford, Inc., Sample and Data Tracking database will be used to track the samples
through the collection and laboratory analysis process. The HEIS database is the repository for
the laboratory analytical results. The HEIS sample numbers will be issued to the sampling
organization for this project in accordance with approved procedures. Samples tracked through
HEIS will be identified and labeled with a unique HEIS sample number. The sample location,
depth. and corresponding HEIS numbers are documented in the sampler's field logbook.

Sample containers are labeled with the following information using a waterproof marker on
firmly affixed, water-resistant labels:

. Sampling Authorization Form number
* HEIS number
. Sample collection date and time
. Name or initials of person collecting the sample
. Analysis required.

2.9.3 Field Sampling Log

The sampling team will be responsible for recording all information pertinent to field sampling
and analysis in bound logbooks in accordance with approved procedures. Logbook entries will
be dated and signed by the individual making the entry.

2.9.4 Sample Custody

Chain-of-custody procedures will be followed throughout sample collection, transfer, analysis,
and disposal in accordance with approved procedures to ensure that sample integrity
is maintained. Each time responsibility for custody of the sample changes, the new and previous
custodians will sign a record and note the date and time.

2.9.5 Sample Containers

Tedlar bags (I L capacity), and SUMMA canisters will be used for collecting the soil-vapor
samples identified in this SAP, as noted in Tables 2-3 and 2-4. Passive soil-vapor samples will
be collected on adsorbent media. After sample collection, all gas prefilters used will be
surveyed. In addition, Tedlar bags and SUMMA canisters that are filled inside of surface
contamination areas will be surveyed externally for contamination. Container requirements for
potential soil samples are specified in Table 2-5. Based on the amount of sample that can be
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obtaincd using proposzd sampling tchniques. bottl: sizc rap:'rzmcnts could vry. Final typ
and volumes to he used for vapor and soil will be listed on the Sampling Authorization Form.

2.9.6 Inspection/Acceptance Requirements for
Supplies and Consumables

Sample containers will be obtained from vendors who certify that the cleaning protocol used is
appropriate for the analyses to be performed on the sample. Inspection and acceptance of these
items will be documented in field logbooks or, when the manufacturer provides certifications,
maintained in project files to ensure the availability of these records.
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3.0 FIELD SANIPLING PLAN

3.1 SAMPLING OBJECTIVES

The objective of these sampling and analysis activities is to determine whether a release of
contaminants to the substrate soil has occurred in the 218-E-12B Burial Ground. The field
sampling plan is based on the sampling design developed during the DQO process
(WMP-20379) and describes the pertinent elements of the sampling program. This section
identifies, to the extent possible, sample methods, locations, frequencies, analytes of interest, and
container requirements.

The primary use of the data acquired through the sampling design developed in this report is
defined in the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2
(Ecology et al. 1989a). Other potential uses for the data include developing
the 200-SW-2 Operable Unit preliminary conceptual contaminant-distribution models and
evaluating the risk assessment remedial action alternatives and remedial action decisions.

This sampling design applies only to those portions of the trenches in which RSW was placed.

A three-step sampling design has been developed for this project. The three steps in this
sampling design are as follows.

3.1.1 Step I

The main component of Step I of the sampling design is soil-vapor sampling of the overlying
soils covering the RSW in the 218-E-12B Burial Ground. The following activities make up
Step I sampling.

. A passive soil-gas survey will be conducted for VOC-contaminated vapor. Sampling will
be limited to the overlying soils of those portions of Trenches T-17 and T-27 that
currently contain retrievably stored waste. While the sampling design assumes full
accessibility to these surface soils, only the areas that are accessible without posing health
and safety risks (e.g., the potential for subsidence) to workers will be sampled.

" Passive soil-vapor samples will be collected on absorbent materials contained in tubes
that are placed in the overlying soils. Depending on the technique chosen, the passive
samplers will remain in place between 3 and 14 days. Sampling locations will be spaced
at 4.9 m (16-ft) intervals. A random number generator will be used to determine the
location of the first sampling location from the corner (Figure 3-1). Once collected, the
samples will be shipped to the soil-vapor sampler vendor's laboratory for analysis using
gas chromatography/mass spectrometry instrumentation capable of analyzing for a large
target list of VOCs and capable of conducting tentatively identified compound searches
for nontarget analytes.
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Figure 3-1. Sampling Grid 10r Passive Soil-\ apor Sampling.
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. Step I sampling results will be used to guide locations for sample collection during
Step I sampling (i.e., locations not assuciated with the statistically based hot-spot
random sampling design).

3.1.2 Step 11

Step II includes surveying the exposed trench floor using appropriate field-screening instruments
after waste retrieval. Following these surveys, decisions for additional characterization will be
made. Several options for additional characterization techniques are available during Phase II.
The decisions on which of the techniques to implement will be based on the data obtained during
previous surveys and/or characterization activities. The complete list of Step II activities
is as follows.

. Pertinent inspection records and/or occurrence reports regarding subsidence and/or
flooding in the 218-E-12B Burial Ground trenches will be reviewed for indications of
biased sampling locations. Observations made during waste retrieval also will be
reviewed to indicate possible judgmental survey and sampling locations.

* Surveys using radiological and organic vapor monitor (OVM) field detectors and visual
observations will be performed over the exposed area of the trench floor following waste
retrieval. The surveys will be made when the trench floor underlying the RSW has
become accessible and sampling will not interfere with waste retrieval operations.
The results of these surveys and visual observations will be documented and evaluated
for obvious indications of locations for substrate soil characterization.

* During the surveys, the soil at the trench floor will be examined for indications of
discoloration, staining, or bleaching that could be caused by leakage of organic solvents
or other liquid waste from drums. This evaluation of the trench floor soil provides a basis
for Step III sampling.

. At locations where characterization data obtained in Step I or Step II activities indicate a
potential hot spot, soil-vapor sampling using a direct-push technology (e.g., a core
penetrometer [CPT]) or hand auger will be performed.

. If no potential hot spots were indicated by previous characterization activities, decision
makers will evaluate whether substrate soil-vapor characterization using a direct-push
technology (e.g., CPT) or hand auger should be performed in a grid pattern aimed at
locating hot spots (Appendix A). The presence of hot spots indicates locations where
contained waste may have drained into the substrate soils. The sampling locations for the
grid survey (if needed) will be as described in Appendix A and will be augmented by the
results of activities conducted in Step ] and Step 11. As needed, sampling locations will
be spaced at 7.6 m (25-fl) intervals. A random number generator will be used to
determine the location of the first sampling location from the corner (Figure 3-2). At
each sampling location, soil-vapor samples will be collected at 1.8 m (6-ft) and 3.7 m
(12-fl) depth intervals below ground surface and collected in Tedlar bags (or drawn
directly into the analytical instrument) for field-screening analysis or in SUMMA
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canisters for laboratory analysis. Also a: cach locafion, th CPT rods or hand-augering
equipment will be surveyed by hand-held radioactivity detectors on their removal from
each location. If the trench floor is not accessible by vehicle, depths greater than those
achievable with a hand auger will not be sampled. Additional sampling locations may be
established between the 7.6 m (25-ft-) spaced locations to reduce the grid size and better
define potential hot spots based on results of Step I and Step 11 characterization and/or
visual observations.

Deeper soil-vapor sampling will be conducted using a direct-push technology (e.g., CPT).
Samples will be taken adjacent to the initial locations with elevated vapor concentrations
that appear to define a VOC plume. Samples will be collected at 1.8 m (6-ft) intervals
below ground surface until refusal or until a maximum depth of approximately 9.8 m
(32 ft) below the depth of the substrate soils is reached. The samples will be analyzed
using a field-screening instrument.

3.1.3 Step Ill

Step Ill activities involve sampling substrate soils. To determine if this intrusive characterization
is required, the results of the Step I and Step II characterization activities will be evaluated by
decision makers. During the review, decision makers will weigh detected contaminant
concentrations, uncertainties, and costs. If the Step I and Step 11 data evaluations indicate a need
for Step Ill characterization, the following methods will be considered as needed.

. Soil samples will be collected to represent the first 15.2 cm (6 in.) of exposed soil in the
trench floors. If an engineered fill that resembles gravel or cobble is present, the
sampling depth will be 0.6 m (2 ft) below the onset of native soils.

. These samples will be analyzed in the laboratory for the full suite of VOCs, SVOCs,
metals, and radionuclides. If contaminants are detected in soil samples, the decision
about how to move forward will be made through the cleanup processes set forth in
RCRA and/or CERCLA.

The Step I, Step 11, and Step Ill sampling design features are summarized in Table 3-I.

3.2 FIELD MEASUREMENTS

The field measurements described in this section are designed to address the sampling objectives
for Steps I through III. The section includes the sampling design, sampling requirements, and
potential sample design limitations.
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Table 3-1. 21 S-E- 12B Burial Ground Sampling Dcsign. (3 Pages)
Sample Collecuion Nxy Features of Design Basis for Sampling Design

Mclhodology sofDsg

Slep I Sampling

Vapor sampling from Conduct passive soil-vapor sampling using a systematic Inexpensive means of soil-vapor
soils overlying RSW grid with a random start location (Figure 3-1). The sampling above the RSW in
in 218-E-12B Burial sampling locations will be at 5 m (16-ft) intervals. Place burial ground trenches. Results
Ground trenches. the samplers to a depth of 20 to 30 cm (8 to 12 in.). Follow can be used to focus Step 11

the passive soil vapor vendor's instructions for sampler . sampling.
placement and subsequent collection. Return the passive
samplers to the vendor for laboratory analysis. The vendor
will use a GC/MS and analytical method capable of
identifying individual VOCs.

To the extent possible, place all of the passive soil-gas
samplers on the same day. Following the passive collection
interval recommended by the vendor, collect all of the
passive soil-gas samplers on the same day.

Step II Sampling
Surveys on the trench Using appropriate field-screening instruments, including an Locations on the trench floor
floor using an OVM, perform a systematic grid survey over the exposed with elevated concentrations of
organic vapor surfaces of the trench floor. Include locations where Step I organic vapors or radiological
monitor and overlying soil-vapor sampling and observations made activity provide a basis for
radiological field during waste retrieval indicate the potential for elevated identifying potential
detectors. VOC concentrations. contamination areas in the soil

beneath the trench floor.

Visual observations During the surveys, examine the trench floor, looking for Stains on the trench floor may
of the trench floor. indications of discoloration caused by organic solvents indicate organic solvent

leaking from drums. pathways through the trench
floor to the substrate soils. This
is a basis for Step Ill sampling.

Review of inspection Review the pertinent 218-E-12B Burial Ground trench Review may indicate locations
records and/or inspection records and/or occurrence reports regarding for biased sampling.
occurrence reports. subsidence and/or flooding for indications of biased

sampling locations.

Evaluate data from Decision makers review existing characterization data to Detected contaminant
Step I and Step 11 determine the need for additional characterization. concentrations, uncertainties,
characterization and costs are weighed to
performed to this determine the need for
point. additional characterization.

As needed, Based on the results obtained in Step I and Step 11, Soil-vapor sampling may locate
soil-vapor sampling determine whether to use a direct-push technology to areas where organic solvents
in the vadose zone access the vadose zone for soil-vapor sampling at locations have penetrated the substrate
beneath the trench of elevated VOC concentrations, soils. These are potential
floor using a direct - At each sampling location, collect soil-vapor samples in organic contaminant pathways
push technology Tedlar' bags (or draw the samples directly into the into the vadose zone.
(e.g., CPT) or auger. analytical instrument) at depths of 1.8 m (6 ft) and 3.7 m

(12 ft) bgs. Analyze the samples for VOCs using
field-screening instruments.
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Tabl 3-. 21S-E-12B Burial Ground Sampling Dcsign. (3 Pagcs)
Sample CUCetiun - e Features of Design Basis for Sampling Design

Mkethodology be

Decision makers evaluate the use of a direct-push Laying out a systematic grid is a
technology for subsurface access at 7.6 m (25-ft) intervals hot-spot search technique that
using a systematic grid sampling design with a random start could investigate substrate soils
location. in areas where data from

If implemented, collect soil-vapor samples in Tedlar bags surveys or visual observations

(or draw the samples directly into the analytical instrument) are not available to indicate the

at depths of 1.8 m (6 ft) and 3.7 m (12 ft) bgs at each potential for elevated VOCs.

sampling location. Analyze the samples for VOCs using
field-screening instruments.

As needed, use a direct-push technology to collect Soil-vapor samples that are
additional soil-vapor samples at locations between the collected at locations between
initial locations with elevated VOC concentrations. the initial locations are used to

As needed, At each sampling location, collect soil-vapor samples in reduce the grid spacing and

soil-vapor sampling Tedlar bags (or draw the samples directly into the better define any VOC hot

in the vadose zone analytical instrument) at depths of 1.8 m (6 fl) and 3.7 m spo's.

beneath the trench (12 l) bgs. Analyze the samples for VOCs using
floor using a direct- field-screening instrments.
push technology If soil-vapor concentrations detected at 6 or 12 ft bgs The initial results will be used to
(e.g., CPT) or auger. indicate the presence of COCs, decision makers will guide vertical profiling for
(cont.) evaluate whether to use direct-push technology to conduct VOCs.

deeper soil-vapor sampling adjacent to the initial locations
with elevated VOC concentrations that appear to define a
VOC plume in the vadose zone. At the location in an
apparent plume with the highest VOC concentrations based
on field screening, collect soil-vapor samples in SUMMAb
canisters for laboratory analysis. At these locations, sample
at 1.8 m (6-fl) intervals bgs until refusal or until reaching a
maximum depth of approximately 9.8 m (32 ft) below the
depth of the trench floor. If no VOC plumes are apparent
at a given trench, laboratory samples will not be collected.

If organic contaminants are detected in soil-vapor samples, Sampling beyond this SAP will
the decision of how to move forward will be determined by be conducted at the discretion of
the cleanup processes set forth in RCRA and/or CERCLA. the decision makers.

- _Step Ill Sampling

Evaluate data from Decision makers review existing characterization data to Detected contaminant
Step I and Step 11 determine the need for additional characterization. concentrations, uncertainties,
characterization. and costs are weighed to

determine the need for
additional characterization.
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Table 3-1. 21S-E-12B Burial Ground Sampling Dbign. (3 Pagcs)

Sataipde collecliujI Key Features of Design Basis for Sampling Design
AMelhodology ________________

As needed, sample Collect soil samples at a depth of 0 to 15.2 cm (0 to 6 in.) at Soil samples can provide data
the soils beneath the locations determined by Step I characterization and on all COCs at specified depths
trench floor. Step IIl soil-vapor sampling results. below the surface of the trench

Collect samples using hand tools. Alternatively, use a floor.

direct-push technology (e.g., drive casing) for access to the
desired depth and collect samples using a device such as a
split-spoon sampler.

Analyze for the constituents that were detected on the
trench floor surface or in vadose zone soils (e.g., if
chemical constituents were detected, analyze for chemical
constituents. If radiological constituents were detected,
analyze for radiological constituents).

If contaminants are detected in soil samples, the decision as Sampling beyond this SAP will
to how to move forward will be determined through the be conducted at the discretion o
cleanup processes set forth in RCRA and/or CERCLA. the decision makers.

"Tedlar is a registered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware.
'SUi\IA is a trademark of Moletrics, Inc. Cleveland. Ohio.
Comprehensive Environnenzal Response. Conpensation. and Liabilty Act of 1980.
Resource Conservation and Recovery Act of 1976.
bgs - below ground surface. OVM - organic vapor monitor.
CERCLA - Comprehensive Environmental Response. RCRA - Resource Consenation and Recowry Act of 1976.

Compensation. and Liability Act of 1980. RSW - retrievably stored waste.
COC - contaminant of conccrn. SAP - sampling and analysis plan.
CPT - cone penetrometer. VOC - volatile organic compound.
GC/MS - gas chromatography/mass spectrometery.

3.2.1 Step I and Step II Sampling Design Features

This section presents the primary features of the Step I and Step II sampling design, which are
as follows.

" Accessible areas of soils overlying RSW will be sampled for VOC vapors. If some areas
are not accessible because of safety concerns, vapor samples will be collected around the
trench in a systematic fashion at spacing consistent with the sampling design, as
explained in Appendix A. Vapor samples will be collected on passive soil-gas collection
media for laboratory analysis using gas chromatography/mass spectrometry
instrumentation capable of analyzing for VOCs, including compounds regulated by
RCRA for the characteristic of toxicity. The passive soil-gas technique offers a simple
inexpensive means of sampling the vapor within the overlying soils of the burial ground
trenches, providing data for a large number of organic constituents. Sampling is being
done to meet the intent of the vent riser sampling designated in the Tri-Party Agreement
Interim Milestone M-91-40, Requirement 2 (Ecology et al. 1989a). The results will be
used to focus Step 11 and Step III sampling. The grid pattern that will be used to collect
passive soil-vapor samples is shown in Figure 3-1.

. A survey will be conducted over the exposed surfaces of the trench floor once the RSW
has been removed, using an OVM and portable radiological detectors. Sampling will be
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conducted when the trench floor has become accessib!c and sampling activities will not
interfere with waste retrieval operations. If no potential hot spots are indicated by
previous characterization activities, decision makers will evaluate whether substrate
soil-vapor characterization using a direct-push technology (e.g., CPT) or hand auger
should be performed. If the characterization is performed, sampling will be done in a
grid pattern aimed at locating hot spots (Appendix A). If a grid survey is initiated for
vadose zone soil-vapor characterization, the locations of sample collection will be those
shown in Figure 3-2. Vadose zone soil-vapor sampling will be conducted at locations
where Step I passive soil-gas sampling, OVM characterization or radiation surveys, and
visual observations indicated a potential for elevated VOC or radionuclide
concentrations. Locations on the trench floor that have detectable radioactivity greater
than background provide a basis for identifying potential contamination areas in the soils.

. During the radiation surveys, the trench floor also will be visually examined for
indications of discoloration, staining, and bleaching that could be caused by waste
leaking from drums. This evaluation of the trench floor provides another basis for
determining appropriate locations for Step Ill sampling (if required).

. Pertinent 218-E-12B Burial Ground trench inspection records and/or occurrence reports
regarding subsidence and/or flooding will be reviewed for indications of biased
sampling locations.

. The decision makers will review the characterization data from Step I and the trench floor
surveys conducted in Step II to determine the need for soil-vapor sampling in the vadose
zone soils. During the review, detected contaminant concentrations, uncertainties, and
costs will be weighed to determine the need for additional Step II characterization.
Additional Step I activities may include sampling soil vapor from the vadose zone below
the trench floor and analyzing the samples for additional VOCs.

* Vadose zone soil-vapor sampling will be conducted in the soil at locations of visible
staining and elevated VOC concentrations or radiation readings, based on results obtained
during Step I characterization, and/or at the locations shown in Figure 3-2. The sampling
will be conducted using a direct-push technology (e.g., CPT) for subsurface access.
At each sampling location, soil-vapor samples will be collected at depths of 1.8 m (6 f0)
and 3.7 m (12 fl) below ground surface in Tedlar bags (or drawn directly into the
analytical instrument) and analyzed using field-screening instruments.

" As needed, additional sampling locations may be established between the initial locations
with elevated VOC concentrations, to reduce the grid size and better define potential
VOC hot spots. At each sampling location, soil-vapor samples would be collected at
depths of 1.8 m (6 fIt) and 3.7 m (12 fl) below ground surface.

. If the trench floor is accessible by vehicles, deeper soil-vapor sampling may be conducted
at the initial locations of elevated VOC concentrations that appear to define a VOC plume
in the vadose zone. In these locations, the sampling will be conducted using a
direct-push technology (e.g., CPT) for subsurface access. At each sampling location,
soil-vapor samples will be collected in SUMMA canisters at 1.8 m (6-fl) intervals below
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ground surfac: until refusal or until rcachin" a maximum dzpth ofappreximately 9.8 
(32 ft) below the surface of the substrate soil. The samples will be sent for laboratory
analysis. Refusal occurs when the direct-push technology is no longer able to advance
deeper into the subsurface.

If organic contaminants are detected in soil-vapor samples, the decision as to how to
move forward will be made through the cleanup processes set forth in RCRA
and/or CERCLA.

Soil-vapor sampling using a passive soil-gas technology will involve one-time installation of
sample collection absorbent and vapor sampling, followed by removal of the sample collection
media and their subsequent analysis at an offsite laboratory.

Soil-vapor sampling using direct-push technology generally will involve one-time installation of
direct-push rods and vapor sampling, followed by removal of the rods. However, in locations
with elevated vapor concentrations, the project may elect to leave the rods in place for longer
term vapor sampling or may install temporary vapor sampling stations (using sintered metallic
filters). Direct-push technology rods that are left in place will be completed at the upper 45.7 cm
(18 in.) with concrete pads and brass survey markers (consistent with groundwater
well installations).

An advanced drive-point technology, the wire-line CPT, is being considered for collecting
soil-vapor samples. The wire-line CPT avoids a potential difficulty inherent in direct-push
sampling-removing the rods and reinserting them in the same hole. Several advanced
characterization tools can be used with the wire-line CPT to sample soil vapor in the vadosc
zone. The wire-line CPT vapor sampler can be used to draw soil-vapor samples to the surface
for analysis, and the wire-line CPT grouting module can be used to grout the hole after sampling
has been completed.

Use of these characterization tools will depend on their availability, cost-effectiveness, and
capability of fulfilling the sampling objectives for this investigation. If trucks are not allowed in
or near the 218-E-12B Burial Ground trenches, hand-augering equipment will be needed to
penetrate into the substrate soils. Soil-vapor samples then can be collected in SUMMA canisters
or Tedlar bags (or drawn directly into the analytical instrument) for analysis.

3.2.2 Step III Sampling Design Features

This section presents the primary features that could be applied in the Step Ill sampling design as
needed. The following activities make up Step Ill sampling.

* Substrate soil samples will be collected as needed using hand tools or a direct-push
technology at locations determined by the Step I and Step 11 characterization. Samples
will be collected at a depth of 0 to 15.2 cm (0 to 6 in.). The soil samples will be analyzed
in the laboratory. The analyses performed will depend on the constituents detected
during the surveys on the trench floor. If chemical constituents (i.e., VOCs) are detected,
the analyses will include metals, VOCs, and SVOCs. If only radionuclides are detected,
the samples will be analyzed for only metals and radionuclides.
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Soil sxmp!cs can provide data on all COCs that may be present within the first 15.24 cm (6 in.)
of the exposed waste-soil interface. If contaminants are detected in soil samples. the decision
about how to move forward will be made in accordance with the cleanup processes set forth in
RCRA and/or CERCLA.

Soil sampling using direct-push technology or hand-auger methods generally will involve
one-time installation of direct-push rods, collection of soil samples, and removal of the rods.
However, in locations with elevated concentrations, the project may elect to leave the rods in
place temporarily for longer term sampling to confirm the initial results. The direct-push
technology rods that are left in place will be completed at the upper 45.7 cm (18 in.) depth with
concrete pads and brass survey markers (consistent with groundwater well installations).

Use of these characterization tools will depend on their availability, cost effectiveness, and
capability in fulfilling the sampling objectives for this investigation.

3.2.3 Passive Soil-Vapor Sampling Requirements

Soil-vapor samples will be collected from overlying soils in 218-E-12B Burial Ground trenches.
Passive soil-vapor samples will be collected on absorbent materials placed in tubes and then will
be placed approximately I ft deep in the overlying soils. Depending on the technique chosen, the
samplers will remain in place for between 3 and 14 days. The samples then will be shipped to
the soil sampler vendor's laboratory for analysis using gas chromatography/mass spectrometry
instrumentation capable of analyzing for a large target list of VOCs and for conducting
tentatively identified compound searches for nontarget analytes.

Soil-vapor sampling using a passive soil-gas technology will involve one-time installation of
sample collection absorbent and vapor sampling, followed by removal of the sample collection
media and sample analysis at an offsite laboratory.

3.2.4 Vapor and Radionuclide Survey Requirements

Surveys using radiological and OVM field detectors and visual observations will be performed
over the exposed area of substrate soils following waste retrieval. Areas that are inaccessible
will not be surveyed. The results of these surveys and visual observations will be documented
and evaluated for obvious indications of locations for substrate soil characterization.

During the surveys, the soil surface will be examined for indications of discoloration, staining, or
bleaching that could be caused by organic solvents or other liquid waste leaking from drums.
This evaluation of the substrate soil surface provides another basis for selecting sampling
locations for additional Step II and/or Step III sampling.

3.2.5 General Soil-Vapor Sampling Requirements

Soil-vapor samples will be collected in Tedlar bags (or drawn directly into the analytical
instrument) or evacuated SUMMA canisters through probes and/or tubing. The Tedlar bags (or
analytical instrument) will be plumbed with a 'lee" fitting that allows venting of one volume of
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air from the sampling probe and tubing before collecting the sampl:. The venting time wil! be
based on the length of the probes and tubing and the pumping rate. After venting. the valves will
be aligned to fill the Tedlar bag (or analytical instrument). Sampling is complete NxhCn the bags
are filled to approximately 75 percent of their capacity. The SUMMA canisters will be attached
to the tubing for sample collection after venting and after confirmation that the canister has
maintained sufficient vacuum. The sample will be drawn by opening a valve on the SUMMA
canister long enough to allow an adequate volume of vapor to be collected. Care will be taken to
ensure that the rate of gas flow into the SUMMA canister is not so fast as to result in outside air
leaking in at the tubing connections and diluting the vapor sample.

The soil vapor in Tedlar bags may be analyzed using an Innova multi-gas analyzer or other
field-screening instrument that can differentiate all of the VOCs specified in Table 2-1 at the
target-required quantitation limits. The soil vapor in SUMMA canisters will be analyzed at the
laboratory for the broad suite of VOCs specified in Table 1-1.

3.2.6 Soil Sampling Requirements

Potentially, soil samples for chemical and radionuclide analyses may be obtained with a hand
tool or a split-spoon or appropriate sampling device developed for the specific investigative
process (e.g., direct-push technology). To the extent possible, the selected sampling method
must ensure that material collected represents nondisturbed media.

3.2.7 Potential Sample Design Limitations

The sgmpling design might not fill all vadose zone data gaps. As presented, the sampling design
allows for reassessment of characterization, remediation, and financial priorities. This approach
recognizes that decision makers will be in a better position to initiate expensive, deep vadose
zone characterization after conceptual model data gaps have been filled.

Other potential limitations of the proposed sampling designs are as follows.

* Access to the burial ground overlying soil before waste retrieval, and to substrate soil
following retrieval, could be limited because of worker protection requirements or
other constraints.

. Some items still may be present in the trench that could limit access to certain substrate
soil locations for this sampling activity.

. Backfill placed over waste that is adjacent to the RSW but that will not be retrieved may
limit access to certain substrate soil locations for this sampling activity.

3.2.8 Visual Observations

Surveys and visual observations will be made of the trench surface during RSW removal
operations. Observations describing containers removed, soil staining, odors, and container
integrity will be made available by removal operations personnel.
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3.2.9 Waste Management Sampling

An evaluation will be conducted to identify any additional sampling that might be required to
support management of the waste generated from the field sampling activities. The evaluation
will consist of reviewing the contaminants of potential concern identified for the
21 8-E-1 2B Burial Ground trench and analyzing any additional constituents that should be
evaluated to complete the waste designation and profile. Additional sampling requirements
specific to waste management issues may be identified for the field activities described in
this SAP.

3.2.10 Supplemental Sampling for Other Projects

Supplemental sampling to support other projects such as the 200-SW-2 Operable Unit remedial
investigation were not identified before this document was prepared. However, supplemental
sampling maybe requested as part of the decision-maker evaluation of the data during the
sampling activities described in the SAP.

3.3 POSITIONAL SURVEYING

All sampling locations established during this sampling activity will be surveyed after the
sampling and decommissioning activities are completed. Surveys will be performed according
to approved procedures. Data will be recorded using NAVD88, North American Vertical Datum
of 1988, and NAD83, North American Datum of 1983, for the Washington State Plane (South
Zone), with the 1991 adjustment for horizontal coordinates. All survey data will be recorded in
meters and feet.
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4.0 IEALTHI AND SAFETY

All field operations will be performed in accordance with appropriate health and safety
requirements and procedures. In addition, appropriate documentation will be prepared that will
further control site operations. This documentation will consist of an activity hazard analysis, a
site-specific health and safety plan, and applicable work permits. Work shall be performed in
accordance with site-specific health and safety plans and applicable work permits. The sampling
procedures and associated activities will take into consideration exposure reduction and
contamination control techniques that will minimize the sampling team's exposure.
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5.0 MANAGEMENT OF CIIARACTERI'LA'IION-GENERATED
WASTE

Waste generated by 218-E-12B Burial Ground characterization activities will be managed in
accordance with appropriate procedures. The waste characterization and disposition will be
coordinated with and managed by the 218-E-12B Retrieval Operations Project in accordance
with applicable procedures implemented for waste designation of the RSW after it has been
removed from the 218-E- I 2B Burial Ground trenches.

The COCs for waste disposition will be all contaminants needed to determine whether the waste
generated during the sampling meets the waste acceptance criteria for the respective disposal
facilities. The results from previous investigations and/or process knowledge will be used to
develop a list of COCs for waste-designation purposes.
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APPENDIX A

SAMPLING DESIGN FOR TIlE IDENTIFICATION OF iiOT SPOTS
DURING SOIL-VAPOR SURVEYS AND

SUBSTRATE SOIL SAMPLING

A1.0 SAMPLING DESIGN FOR THE DETERMINATION
OF HOT SPOTS IN TRENCH SURFACE AND
SUBSTRATE SOIL

This sampling design will be used to investigate the occurrence of organic soil-vapor hot spots in
the surface soils over the portions of the 218-E-12B Burial Ground that contain retrievably stored
TRU1 waste before waste retrieval and that contain organic soil vapor and radionuclide hot spots
in the substrate soils following waste retrieval. If organic chemicals are present in the
218-E-12B Burial Ground trenches, they also could be present in any soil vapor currently above
the waste and in condensate that might have entered the substrate soils within the trenches.
The Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) Interim
Milestone M-91-40 (Ecology et al. 1989) requires the U.S. Department of Energy to "sample and
analyze trench substrates with the purposes of determining whether or not releases of
contaminants to the environment have occurred, and, if so, the nature and extent
of contamination."

Al. ASSUMPTIONS

The following assumptions were used in developing the sampling design.

" The target (hot spot) is circular or elliptical. For subsurface targets this applies to the
projection of the target to the surface.

0 Samples or measurements are taken on a square, rectangular, or triangular grid.

. The distance between grid points is much larger than the area sampled, measured, or
cored at grid points (i.e., a very small proportion of the area being studied actually
can be measured).

. The definition of hot spot is clear and unambiguous. This definition implies that the
types of measurement and the levels of contamination that constitute the hot spot are
clearly defined. For the surface soil-vapor sampling and the substrate soil that will be
exposed following waste retrieval in the 218-E-l 2B Burial Ground trenches, these
definitions have been provided as outputs of steps in the DQO process (WMP-20379,
Data Quality Objectives Summary Report for the 218-E-12B Burial Ground Contaminant
Release Investigation).

'Transuranic waste materials contaminated with more than 100 nCi/g of transuranic materials having half-lives
longer than 20 years.
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* No mcasurcmcnt misclassification errors occur (i.e., no crors arc made in deciding when
a hot spot has been detected).

. The grid spacing calculations will be applied only to the surface locations in
Trenches T-1 7 and T-27 where retrievably stored TRU waste will be exhumed and to
accessible locations in the substrate soil following waste retrieval.

AI.2 GRID SPACING

The grid spacing required to find a hot spot of a prescribed size and shape with specified
confidence may be determined from the following procedure.

1. Specify L, the length of the semimajor axis of the smallest hot spot important to detect.
L is one-half the length of the long axis of the ellipse.

2. Specify the expected shape, S, of the elliptical target, where

S - Iengh of short ais of the ellipse
length of long ars of the ellipse Equation A-I

Note that 0 <S< 1 and that S = I for a circle. If S is not known in advance,
a conservative approach is to assume a rather skinny elliptical shape, perhaps S =0.5, to
give a smaller spacing between grid points than if a circular or "fatter" ellipse is assumed
(i.e., sample on a finer grid to compensate for lack of knowledge about the target shape).

3. Specify an acceptable probability, p, of not finding the hot spot. The value P is known as
the "consumer's risk." To illustrate, a probability of 20 percent (P = 0.20) (1 chance in 5)
of not finding a hot spot may be acceptable for a small hot spot (e.g., one for which
L = 5 cm). However, for a larger hot spot (e.g., one for which L = 5 m), a probability of
10 percent (P = 0.10) (1 chance in 10) of not finding a hot spot may be required.

4. Use Figure A-1 for a square grid. This nomograph gives the relationship between P and
the ratio LIG, where G is the spacing between grid lines. Using the curve corresponding
to the shape, S. of interest, find LIG on the horizontal axis that corresponds to the
prespecified p. Then solve LIG for G, the required grid spacing.

5. The total number of grid points (sampling locations) then can be found because the
dimensions of the land area to be sampled are known.

This procedure is used to establish a square grid pattern in which samples are collected at the
four nodes where the grid lines intersect. The square grid pattern is relevant to a
two-dimensional land surface. This procedure was applied for sampling the soil vapor on the
trench surfaces and the soils in the exposed trench bottom following waste retrieval. To identify
the location of sample points in the square grid pattern, the location of the first sampling point
(i.e., grid node) is chosen randomly, and the rest of the grid is established with lines parallel to
the boundaries of the trench.
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Figure A-1. Curves Relating LIG to Consumer's Risk, 0, for Different Target Shapes when Sampling is on a Square Grid Pattern
(after Figure 3 in Zirschky and Gilbert [1984]).
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AI.3 SOIL-VAPOR HOT SPOT SIZE

The length of the semimajor axis of the ellipse (i.e., the size of the hot spot) must be defned.
Because the method used to detect the possible presence of a soil-vapor hot spot in the surface
soil samples above the buried waste will be passive soil-gas sampling, and because analysis is for
volatile organic constituents, which tend to readily diffuse in a porous medium such as soil, a
rather large hot spot size could be selected. However, because these locations also will be used
to impose additional sample locations on the grid used for substrate soil sampling, and the cost of
the sampling and analysis for VOCs using this technique is relatively small, a finer grid than that
used for the substrate sampling is appropriate. For the soil-vapor samples, the distance of the
semimajor axis of the ellipse of interest, L, will be assumed to be 3 m (10 fl). If it is assumed
that the shape of interest, S = 0.8, and the acceptable probability of not finding a hot spot, which
correlates to false positive decision error, is 10 percent (this is a consumer's risk, 0, of 0.1), the
nomograph can be used to solve for the grid spacing, G.

Using the tolerances-specified results in a value for LIG of 0.627, G can be resolved as follows:

G = -ee =15.949feet Equation A-2
0.627

Using this sampling design will require collecting samples every 4.86 m (15.949 ft).
For practical purposes, a grid spacing distance of 4.9 m (16 ft) will be used, which would
correspond to a slight increase of the semimajor axis size of interest to 3.05 m (10.02 fi).
Therefore, sample collection will be conducted starting at a randomly chosen location within a
16-ft arc of the southwest corner of the 218-E-1 2B Burial Ground, then once at the nodes of the
grid, spaced every 4.9 m (16 ft) apart. If organic vapors are detected at any of the measurement
locations, additional samples may be collected on a finer grid interval from those locations, to
further delineate and characterize the hot spots detected.

AlA SUBSTRATE SOIL HIOT-SPOT SIZE

The length of the semimajor axis of the ellipse (i.e., the size of the hot spot) must be defined.
The method used to detect the possible presence of a hot spot will be collection of soil vapors at
depths of 1.83 m (6 fl) and 3.66 m (12 ft) and radiation surveys at the surface of the substrate
soil. If hot spots are detected, subsequent soil samples will be collected to represent the first
6 in. of soil in contact with buried waste. Because the sampling grid used will be augmented by
sampling points related to detection of soil vapors in the surface soils and those sampling points
added as a result of visual observations of the substrate soil, a rather large hot spot size can be
selected. For this activity, the distance of the semimajor axis of the ellipse of interest, L, will be
assumed to be 5m (16 fl). If it is assumed that the shape of interest, S= 0.8 (i.e., the
contaminants of concern have moved only slightly further in one direction from the point at
which the hot spot emanates than in any other direction), and the acceptable probability of not
finding a hot spot, which correlates to a false positive decision error, is 10 percent (this is a
consumer's risk, p, of 0.1), the nomograph can be used to solve for the grid spacing, G.
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Using the tolcrancc-spccified results in a value for LIG of 0.627, G can b- resolved as follows:

G = 16feet = 25.518 fcc: Equation A-3
0.627

Using this sampling design will require collecting samples every 7.78 m (25.518 11).
For practical purposes, a grid spacing distance of 8 m (25 fl) will be used, which would
correspond to a slight decrease of the semimajor axis size of interest to 4.78 m (15.67 ft).
The shape of the trench bottom following waste retrieval is expected to consist of sloping sides
and a relatively flat bottom. Because detection of residual contamination resulting from leaking
waste containers is most likely in the lowest elevations of the trench bottom, the sampling grid
will be applied only to the bottom of the trench and not to the sloped sides. Therefore, sample
collection will be conducted starting at a randomly chosen location within a 25-ft arc from the
southwest corner of the relatively flat bottom of the empty 218-E-12B Burial Ground trench,
then once at the nodes of the grid, spaced every 8 n (25 fl) apart. If burial ground contaminants
of concern are detected in soil vapor or beta-gamma radiation surveys at any of the sample
collection locations, soil samples may be collected, or decisions about how to move forward will
be determined, in accordance with the cleanup processes set forth in the Resource Conservation
and Recovery Act of 1976 and/or the Comprehensive Environmental Response, Compensation,
and Recovery Act of 1980.
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APPENDIX B

CROSS-REFERENCE BETWEEN TIHE U.S. ENVIRONMENTAL PROTECTION
AGENCY QUALITY ASSURANCE PROJECT PLAN AND FIELD SAMPLING

PLAN REQUIREMENTS AND THE 218-E-12B BURIAL GROUND
SAMPLING AND ANALYSIS PLAN

In 1989, the U.S. Environmental Protection Agency (EPA) published EPA/540/G-89/004,
Guidancefor Conducting Remedial Investigations and Feasibility Studies CERCLA. Interim
Final. This document stated that a sampling and analysis plan consists of two separate
documents: a field sampling plan and a quality assurance project plan (QAPP).' In 2001, the
EPA published EPA/240/B-01/003, EPA Requirementsfor Quality Assurance Project Plans,
EPA QA/R-5, and in 2002 the EPA published EPA/240/R-02/009, EPA Guidancefor Quality
Assurance Project Plans, EPA QA/G-5. These recent documents expand on the guidance
provided in the 1989 EPA guidance document (EPA/540/G-89/004). Most notably, the 2001 and
2002 documents take the elements defined in the 1989 guidance document, which required both
a field sampling plan and a QAPP, and combine them into one document. Thus, the EPA's 2001
and 2002 direction implies that only a single document is required for each sampling and
analysis activity. To alleviate confusion between the old and new nomenclature, this sampling
and analysis plan, along with the accompanying data quality objectives (DQO) summary report
for this activity, includes all the elements required in a QAPP and in a field sampling plan,
regardless of which EPA guidance is followed. To demonstrate this compliance and to aid
readers in locating specific information of interest, a cross-reference between the EPA 1989
guidance document (EPA/540/G-89/004), the EPA 2001 requirements document
(EPA/240/B-01/003), the EPA 2002 guidance document (EPA/240/R-02/009), and the DQO
summary report (WMP-20379, Data Quality Objectives Summary Report for the
218-E-12B Burial Ground Contaminant Release Investigation) and the sampling and analysis
plan prepared for this activity is provided in Table B-1.

'In this sampling and analysis plan, the quality assurance project plan is referred to as the QAPjP. In the referenced
EPA documents, however, the term quality assurance project plan is referred to as the QAPP. In ibis appendix, the
acronym QAPP is retained when referring to the quality assurance project plan described in EPA documents.
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Tablc B-1. Comparison of Qualily Assurancc Pioject Plan Elcncnb in EPA'240'B-O1'003 and
EPA240/R-02/009 to EPA/540!G-89'004 and to WMP-20379 and this Sampling and

Analysis Plan. (2 Pages)

QAPP Elements from QAPP Elements from Applicable Sections from
EPA/24/-0 1/003 and EPA/540/G-89/004 WN1 P-20379 and/or this SAP

EPIAJZ4Q/R-O2/009 ________________

A Project Management

Al Title and Approval Sheet Title Page SAP Title and Approval Sheet

A2 Table of Contens Table of Contents SAP Table of Contents in
Hanford Document Control
Format

A3 Distribution List N/A SAP Distribution

A4 Project/Task Organization 2. Project Organization and DQO Data Quality Objective
Responsibilities 1.6 Team Members and Key

Decision Makers

A5 Problem I. Project Description DQO
Definition/Background 1.0 Step I - State The Problem

A6 Project/Task Description 1. Project Description DQO
1.0 Step I - State The Problem

SAP
1.0 Introduction

A7 Quality Objectives and 3. Quality Assurance Objectives SAP
Criteria for Measurement 2.1 Analytical Performance

Requirements

AS Special Training N/A N/A
Requirements/Certification -

A9 Documents and Records N/A SAP
2.5 Data Management

it MeasurementlData Acquisition

RI Sampling Process Designs N/A SAP
(Experimental Designs) 3.1 Sampling Objectives

B2 Sampling Methods 4. Sampling Procedures SAP
3.1 Sampling Objectives

B3 Sample Handling and Custody 5. Sample Custody SAP
2.9.2 Sample Identification

2.9.4 Sample Custody

2.9.5 Sample Containers

B4 Analytical Methods 7. Analytical Procedures SAP
2.1 Analytical Performance

Requirements

B5 Quality Control 9. Internal Quality Control SAP
2.2 Field Quality Control
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Tabk; B-1. Comparison of Quality Assuranc Projcct Plan Elemcnis in EPA1240,'B-01/003 and
EPA/240/R-02/009 to EPA!540!G-89/004 and to WMP

Analysis Plan. (2 Pages)
-20379 and this Sampling and

EPAP24P Eleets rom QAPP Elements from Applicable Sections from

EPA1240/-021/009 EPA/540/G-89/004 WMP-20379 and/or this SAP

B6 Instrument/Equipment 6. Calibration Procedures SAP
Testing, Inspection, and 11. Preventive Maintenance 2.1 Analytical Performance
Maintenance Requirements

SAP
2.4 Onsite Measurements

Quality Control

B7 Instrument/Equipment 7. Analytical Procedures SAP
Calibration and Frequency 9. Internal Quality Control 2.1 Analytical Performance

Requirements
SAP
2.4 Onsite Measurements

I Quality Control

138 Inspection/Acceptance of 9. Internal Quality Control SAP
Supplies and Consumables 2.9.6 Inspection/Acceptance

Requirements for Supplies
and Consumables

B9 Non-Direct Measurements 12. Data Assessment Procedures DQO
3.3 Computational and Survey

and Analytical Methods

B10 Data Management 8. Data Reduction, Validation, SAP
and Reporting 2.5 Data Management

C Assessment/Oversight

Cl Assessments and Response 10. Performance and System SAP
Actions Audits 2.8.1 System and Performance

Assessments
13. Corrective Actions SAP

2.8.2 Corrective Actions

C2 Reports to Management 14. Quality Assurance Reports SAP
2.8.3 Reports to Management

D Data Validation and Usability
DI Data Review, Verification, 8. Data Reduction, Validation, SAP

and Validation and Reporting 2.6 Validation and Verification

12. Data Assessment Procedures Requirements

D2 Verification and Validation 12. Data Assessment Procedures SAP
Methods 2.6 Validation and Verification

I_ Requirements

D3 Reconciliation with User 12. Data Assessment Procedures SAP
Requirements 2.7 Data Quality Assessment

DQO - data quality objectives (document).
N/A - not applicable.

QAPP - quality assurance project plan.
SAP - sampling and analysis plan.
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1.0 INTRODUCTION

This sampling and analysis plan (SAP) was developed to determine whether contaminants have

been released to the vadose zone from retrievably stored waste (RSW)' in the 218-W-4B Burial
Ground in the 200 West Area of the Hanford Site. This investigation addresses the Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement) Interim
Milestone M-91-40, Requirement 2 (Ecology et al. 1989a).

This SAP is based on the sampling design developed during a data quality objective (DQO)
process that was conducted specifically to plan the 218-W-4B Burial Ground sampling in
response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2 (D&D-23104,
Data Quality Objectives Summary Report for the 218-W-4B Burial Ground Contaminant Release
Investigation). The results of the DQO process are summarized in Section 1.3.

The DQO process was based in part on the DQO process that was performed for the
218-W-4C Burial Ground (CP-16886, Data Quality Objectives Summary Report for the
218-W-4C Burial Ground Contaminant Release Investigation). Unlike the 218-W-4C Burial
Ground, no characterization data were available for the 218-W-4B Burial Ground before the
sampling design was developed. Because the 218-W-4B Burial Ground is located close to the
218-W-4C Burial Ground, and received similar waste, characterization data collected at the
218-W-4C Burial Ground were reviewed.

Figure 1-1 shows the location of the 218-W-4B Burial Ground in the 200 West Area on the
Hanford Site. Figure 1-2 shows the 218-W-4B Burial Ground trenches where RSW is stored and
where this investigation is applicable.

1.1 BACKGROUND

The 218-W-4B Burial Ground is located in the central portion of the 200 West Area, about
150 m (500 ft) northwest of the 234-5Z Plutonium Finishing Plant Building, directly west of the
231-Z Plutonium Isolation Plant Building. The site contains 13 trenches and one row of
12 caissons. The trenches are 175 m (575 ft) long, and 3.7 m (12 fR) deep (Hanford Site drawing
H-2-33055, Dry Waste Burial Ground 218-W-4B).

The 218-W-4B Burial Ground is located in the low-level burial grounds Resource Conservation
and Recovery Act of 1976 (RCRA) treatment, storage, and disposal unit. The 218-W-4B Burial
Ground also is included in the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA) 200-SW-2 Radioactive Landfills and Dumps Group Operable
Unit (DOE/RL-98-28, 200 Areas Remedial Investigation/Feasibility Study Implementation
Plan - Environmental Restoration Program).

'Retrievably stored for purposes of the Atomic Energy Act of 1954.
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Figure 1-1. Locations of the 200 West Area on the Hanford Site and the 218-W-4B Burial
Ground in the 200 West Area.
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Figure 1-2. Location of Retrievably Stored Waste in the 21 8-W-4B Burial Ground
Trenches T-07 and T- 11.

LEGEND
Trench Number

] Retrievably Stored Waste
Not to Scale

The burial ground received miscellaneous radioactive solid waste from the 100, 200, and
300 Areas, as well as offsite shipments, from 1967 to 1990. As of August 1995, the burial
ground had received 10,466 m3 (13,689 yd3) of waste. Solid waste disposed of at the site
consists of rags, paper, cardboard, plastic, pumps, tanks, process equipment, and other
miscellaneous high-dose rate and TRU2 dry waste (Waste Information Data System Reportfor
218-W-4B, Hanford Site database).

The site contains 3,200 m3 (4,186 yd3) of retrievable (post-1970) suspect TRU waste that is in
Trench T-07 and Trench T-1 I and four caissons (BHI-001 75, Z-Plant Aggregate Area
Management Study Technical Baseline Report). The retrievable TRU waste located in the four
caissons is remote-handled waste. Tri-Party Agreement Interim Milestone M-91-41 requires that
retrieval of remote-handled RSW be initiated by 2011. Sampling only will be conducted at the
locations where contact-handled RSW addressed by the Tri-Party Agreement Interim
Milestone M-91-40 is retrieved (Figure 1-2).

2 Transuranic (waste materials contaminated with more than 100 nCi/g of transuranic materials having half-lives
longer than 20 years).
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Trench T-07 is divided into two sections designed to receive RSW. The east end of the trench is
referred to as T-V7, a diamond shaped structure made up of a concrete lined "V" bottom and
metal cover (Figure 1-3). Trench T-V7 was used from 1972-1973 and contains 208 L (55-gal)
and 114 L (30-gal) drums. The cement floor of Trench T-V7 is a barrier to waste constituent
migration similar to the asphalt pad used in the remainder of Trench T-07, with the exception of

a known preferred direction of migration along the cement surface. The bottom of the cement
trench contains a 10 cm (4-in.)-wide trough. The lower surface of the trench slopes from east to
west so that any liquid that collects in the trough at the bottom of the trench will flow to the west.

At the west end of the trough, the trench contains a sump for collection of any liquid material
that may have leaked from the drummed waste. Because of the high cost of constructing the
V-trench and the fact that the weight of all the drums was placed on the bottom drums, this
configuration is no longer used (WHC-EP-0912, The History of the 200 Area Burial Ground
Facilities).

The air intake and the exhaust fan indicated on the illustration of Trench T-V7 in Figure 1-3 are
no longer in place. One metal duct extends vertically above the soil cover at the east end of the

trench. The duct is approximately 30.5 cm (12 in.) in diameter and extends approximately 0.6 m
(2 ft) above the soil. A metal cap appears to be taped to the upper end of the duct. This duct
may have been part of the air intake unit.

In the fall of 1972, the first asphalt pad was built in the remainder of Trench T-07. This asphalt
pad was constructed much like a road, with a high point in the center and a slight curve from the

center to the sides, to allow water from precipitation to run off away from the containers
(WHC-EP-0912). Drums were arranged in modules typically 12 drums wide by 12 drums deep
by 4 drums high. Flame retardant 0.64 cm (0.25-in.)-thick plywood sheets were placed to
separate the layers of drums and other packages. When modules were completed, they were
covered with 30 mL (1-oz) polyvinyl chloride laminated nylon sheeting, followed by a 1.9 cm
(0.75-in.)-thick plywood sheet (Figure 1-4). One or two 6.1 m (20-ft)-long 5.1 cm
(2-in.)-diameter rigid polyvinyl chloride vent pipes were inserted through the plastic sheeting
and taped to it. These plastic vent pipes, which extend to the bottom of the modules, are cut at a
45-degree angle where they meet the asphalt. The pipes are open to the drum atmosphere for air
sampling. A 1.2 m (4-ft)-thick soil cover then was put in place. During earth-covering
operations, some of the pipes became bent or sheared (WHC-EP-0912). Notches were later
added to these vent-riser pipes before emplacement so that air samples could be taken at each tier
level. Modules could be small groups of containers or could cover an entire asphalt pad
(RHO-MA-222, Hanford Radioactive Solid Waste Packaging, Storage, and Disposal
Requirements and RHO-CD-78, Assessment of Hanford Burial Grounds and Interim TRU
Storage).

Trench T-1 I has an earthen-bottom (i.e., it is believed that no asphalt pad is present in this
trench). From 1970-1972 waste drums and boxes were stacked horizontally and "direct buried"
in the ground without tarps or plywood to separate the soil overlying the waste (Figure 1-5).
Direct contact with the soil may increase the probability that containers have corroded and might
be breached (WHC-EP-0225, Contact-Handled Waste Characterization Based on Existing
Records). Other containers, such as concrete or steel burial boxes, ductwork, stainless steel
tanks, and a culvert, were placed in this trench. During this time there was no lower transuranic
nuclide segregation limit defining the difference between low-level waste and TRU waste.
Therefore, any waste known to be contaminated with transuranics or suspected to be
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contaminated was "stored" for later retrieval. A number of the containers in this trench therefore
may actually be low-level waste (WHC-SD-W22 1 -DP-001, Phase 2 Solid Waste Retrieval
Trench Characterization). The actual date when tarp coverage was initiated has not been
established. The coverage appears to vary based on type of containers and the storage area.
After the transition period (approximately 1973), drums were stacked vertically and placed on
plywood, and the completed module was covered with nylon tarps and plywood before soil
emplacement (WHC-EP-0225). It is known that the first asphalt pad was placed in Trench T-07
in 1972. Therefore, based on these dates, some of Trench T- II also may be underlain by an
asphalt pad.

In the winter of 1979-1980, a heavy snowfall and rapid melting caused flooding within some of
the 218-W-4B Burial Ground trenches. Trench T-07 is covered with a 1.2 m (4-ft) soil mound.
Trench T-1 I was backfilled after use and stabilized with clean gravel in 1995. The site is
monitored for surface contamination and for subsidence. A radiological survey is performed
annually (BHI-00175).

In 1981, a corrosion rate of 5 mils/yr for uncoated or nongalvanized steel was predicted, based
on the measurements and observations of steel pipes and drums retrieved from soil. A 1991
evaluation considered that this estimate could be somewhat conservative for stacked, painted
drums and does not provide for the variable nature of corrosion. A better approximation of the
range of expected corrosion of painted drums in soil is estimated to be 2.5 to 7.5 mils/yr for
U.S. Department of Transportation 1711 and 17C drums with 0.13 and 0.16 cm (0.050 and
0.062 in.) of steel-wall thickness, respectively. This range would yield a theoretical penetration
in approximately 7 to 20 yr for 17H drums and 8 to 25 yr for 17C drums, depending on drum
condition (WHC-EP-0225).

The integrity of drums in asphalt-pad storage was inspected in 1982 using visual and ultrasonic
techniques for drums stored approximately 8.5 yr. TRU waste drums were inspected from the
218-W-4B Burial Ground, Trench T-07, Module #1 northeast corner. Drum corrosion, as
measured by ultrasonics, was a maximum of I mil/yr at the drum-plastic interface. Corrosion on
drum areas not in contact with the plastic was undetectable. The accelerated corrosion exhibited
at the interface has been caused by moisture condensation on the inside of the plastic, thereby
increasing the moisture available for corrosion. At the measured corrosion rate, it was
determined that the drums could be anticipated to remain structurally sound and
contamination-free for their anticipated 20-yr storage life. Because of lack of funds, drums were
not removed from the module and drumheads and bottoms were inspected instead. Based on the
inspection, it was believed that follow-up inspections of these containers should occur in the
1987-1988 time frame to determine if the corrosion had accelerated beyond storage limits. No
records were found documenting a follow-up inspection (WHC-EP-0912).
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Figure 1-3. Configuration of Trench T-V7 in the 218-W-4B Burial Ground.
(Modified from WHC-EP-0912, The History of the 200 Area Burial Ground Facilities, not to scale.)

(NOTE: The filtered air intake and exhaust fan are no longer in place.)

Filtered Ventilation System
Air Intake at East End,
Exhaust Fan at West End

Backfill (4ft)

NN
Grd G'

C> C

Met4

Concrete Liner

Trough
(Sump at West End)



Figure 1-4. Typical Storage Module in Low-Level Burial Ground Retrievable Storage Units Showing Vent Riser.
(Modified from PNL-6820, Hydrogeology of the 200 Areas Low Level Burial Grounds, An Interim Report.)
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Figure 1-5. Drum Configuration of Retrievably Stored Waste in a Portion of Trench T-1 I at the
218-W-4B Burial Ground Trenches from 1970 to 1972.

(From WHC-EP-0912, The History of the 200 Area Burial Ground Facilities.)
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1.2 CONTAMINANTS OF CONCERN

Contaminants of concern (COC) for sampling and analysis at the 218-W-4B Burial Ground in
response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2, were
determined during the DQO process conducted to support development of this SAP
(D&D-23104).

For the vent riser vapor sampling and vadose zone soil-vapor sampling, the COCs will include
only volatile organic constituents. Soil-vapor monitoring and radiation screening on the surface
of the asphalt pad and exposed native soil or gravel on the trench floor where no asphalt pad is
present will be performed using hand-held instruments for total organic vapor concentrations and
gross beta/gamma and gross alpha activities. Substrate soil samples from the first 15.2 cm (6 in.)
of native soils will be analyzed for suites of RCRA constituents that include metals, volatile
organic compounds (VOC), and semivolatile organic compounds (SVOC) and for a suite of
CERCLA radiological constituents that are not subject to Tri-Party Agreement Interim
Milestone M-91-40, Requirement 2. Source, special nuclear, and byproduct materials, as defined
by the Atomic Energy Act of 1954, as amended, are excluded from the RCRA definition of solid
waste. Such materials at the Hanford Site are subject to management under the sole authority of
the U.S. Department of Energy, even when commingled with a hazardous component that is
subject to regulation under RCW 70.105, "Public Health and Safety," "Hazardous Waste
Management," (the Washington State Hazardous Waste Management Act of 1976).
Accordingly, any procedures, methods, data, or information provided to regulatory agencies, that
are contained in this document and that relate solely to radionuclides or to the radioactive
component of mixed waste, are for information purposes only and are outside the scope of the
regulatory agencies' authority. Radionuclides, when they are COCs, may be regulated pursuant
to CERCLA cleanup actions. The radionuclides discussed in this SAP are regulated pursuant to
the Atomic Energy Act of 1954 and CERCLA, in accordance with responsible agency protocols.

The VOCs that will be analyzed in vent riser vapor samples and in vadose zone soil-vapor
samples using field-screening methods will depend on the availability and configuration of the
specific field-screening instrument used. The VOCs that will be analyzed in vent riser vapor
samples and in vadose zone soil-vapor samples using laboratory analytical methods will include
the full suite of VOCs identified in the laboratory test method. Vent riser vapor samples and
vadose zone soil-vapor samples collected using active soil-vapor sampling techniques for
laboratory analysis will be analyzed for VOCs using U.S. Environmental Protection Agency
(EPA) methods that can identify individual VOCs in vapor mixtures:

" Method TO-14 (EPA/600/4-89/017, Compendium of Methodsfor the Determination of
Toxic Organic Compounds in Ambient Air)

. Method TO-15 (EPA/625/R-96/010b, Compendium ofMethodsfor the Determination of
Toxic Organic Compounds in Ambient Air, Second Edition).

These methods are similar to the analytical methods used to analyze the soil-vapor samples
collected using active sampling techniques at vent risers in the 218-W-4C Burial Ground in 1996
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(1INF-SD-WM-RPT-309, Report on Sampling and Analysis ofAir at Trenches 218-W-4C and
218-V-5 #31 of the Low Level Burial Grounds) and in 2003.

To identify and quantify the metals, VOCs, and SVOCs in soil samples, full-suite analytical
methods will be used. Soil samples will be analyzed for VOCs using SW-846, Test Methods
for Evaluating Solid Waste: Physical/Chendcal Methods, Third Edition, Method 8260B; for
SVOCs using SW-846 Method 8270C; and for metals using EPA Method 200.8
(EPA/600/R-94/1 11, Methods for the Determination of Metals in Environmental Samples
Supplement 1) or SW-846 Method 6010B. (Comparable results for elemental mercury can be
obtained using either EPA Methods 7470/7471 (cold vapor atomic absorption) in SW-846, or
EPA Method 200.8 (inductively coupled plasma/mass spectrometry). The project's target
quantitation limits will determine the methodology used for mercury analysis.) Tentatively
identified compounds (i.e., organic constituents that are not contained in the calibration standards
used for these analyses) also will be qualitatively identified by the full-suite analyses for VOCs
and SVOCs and will be reported for evaluation. Soil samples will be analyzed for radionuclides
by the appropriate laboratory methods used for individual isotopes and classes of radionuclides
of concern.

The COCs for vent riser vapor samples, vadose zone soil-vapor samples, trench floor surveys,
and soil samples are listed in Tables 1-1 through 1-3, respectively.

Table 1-1. Contaminants of Concern (Volatile Organic Compounds) for
Vent Riser Vapor Sampling and Vadose Zone Soil-Vapor Sampling.

Volatile Organic Compounds

Field screening for:
carbon tetrachloride and chloroform using the Innovat multi-gas analyzer

and/or for acetone, ammonia, benzene, n-butyl alcohol, carbon dioxide, carbon disulfide, carbon
tetrachloride, chlorobcnzene, chloroform, p-dichlorobenzene, 1,1 -dichloroethane,
1,2-dichloroethene, ethyl benzene, ethyl chloride (chloroethane), ethylene dichloride
(1,2-dichloroethane), methane, methyl chloride (chloromethane), methyl chloroform
(1,1,l-trichloroethanc), methyl ethyl ketone (2-butanone), methyl isobutyl ketone (4-methyl-2-
pentanone), methylene chloride, tetrachloroethene, styrene, toluene, 1,1,2-trichloroethane,
1,1,2,2-tetrachloroethane, trichloroethene, vinyl chloride, vinylidene chloride (ll-dichloroethene),
and xylene using the MIRAN SapphIRe Ambient Air Analyzer" (MIRAN analyzer).

The VOCs listed for each field-screening instrument are those for which that instrument is calibrated.
The MIRAN analyzer can be used to scan for all these compounds and identify up to five compounds
with the highest concentrations.

Laboratory analysis for full suite of VOCs using EPA Method TO-14 (EPA/600/4-89/017) or
EPA Method TO-15 (EPA/625/R-96/010b).

innova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.
bMIRAN and the SapphiRe Ambient Air Analyzer are registered trademarks of Thermo Electron Corporation, Franklin,

Massachusetts.
EPAI600/4-89/017, Compendium of Alethods for the Determination of Toxic Organic Compounds in Ambient Air.
EPA/625/R-9610|lb, Compendium of Ale: Iods for the Determination of Toxic Organic Compounds in Ambient Air, Second

Edition.

EPA = U.S. Environmental Protection Agency.
VOC - volatile organic compound.
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Table 1-2. Contaminants of Concern for Trench Floor Organic Vapor
Monitoring/Radionuclide Surveys.

Volatile Organic Compounds

Surveys using hand-held monitoring devices (e.g., organic vapor monitoring) that detect total organic
vapor concentrations.

Radionuclides

Surveys using hand-held monitoring devices that detect gross gamma/beta and gross alpha activities.

Table 1-3. Contaminants of Concern for Substrate Soil Sampling.

Metals
Laboratory analysis for full suite of metals using inductively coupled plasma (SW-846 Method 6010B or
EPA Method 200.8) and for mercury (SW-846 Method 7471A or EPA Method 200.8*).

Volatile Organic Compounds .

Laboratory analysis for full suite of VOCs using GC/MS (SW-846 Method 8260B).

Semivolatile Organic Compounds

Laboratory analysis for full suite of SVOCs using GC/MS (SW-846 Method 8270C).

Radionuclides

Laboratory analyses for a target list of radionuclides consisting of isotopic americium (AEA), isotopic
plutonium (AEA), isotopic uranium (AEA), total radioactive strontium (GPO), Tc-99 (LSC),Cs-137
(GEA), Co-60 (GEA), Eu-152 (GEA), Eu-154 (GEA), Eu-155 (GEA), and Ni-63 (LSC) using AEA, GPC,
LSC, or GEA as indicated.

*Comparable results for elemental mercury can be obtained using either EPA Methods 747017471 (cold vapor
atomic absorption) in SW-846, or EPA Method 200.8 (inductively coupled plasma/mass spectrometry). The
project's target quantitation limits will determine the methodology used for mercury analysis.

EPA 200.8 is found in EPA/600/R-94/1 11, A!ethods for the Determination of Metals in Environmental Samples,
Supplement 1.

SW-846, Test Methodsfor Evaluating Solid Waste: Physical/Chemical Methods, Third Edition.

AEA = alpha energy analysis.
EPA = U.S. Environmental Protection Agency.
GC/MS = gas chromatography/mass

spectrometry.
GEA = gamma energy analysis.

GPC
LSC
SVOC
VOC

= gas proportional counting.
= liquid scintillation counting.
= semivolatile organic compound.
= volatile organic compound.

Because of age, exposure to elements, and composition, the asphalt pads and/or polyvinyl
chloride vent risers may have degraded, producing off-gases that contain VOCs. Degradation
products might include aliphatic hydrocarbons (straight-chain carbon and hydrogen organics
such as butane and trimethyl hexane) and polyaromatic hydrocarbons (cyclic carbon and
hydrogen organics such as benzene, toluene, and xylene). Chlorinated VOCs are not likely to
off-gas from either polyvinyl chloride resins or asphalt pads under normal temperature and
pressure conditions. Water from precipitation that interacts with the polyvinyl chloride resins
and asphalt pads is unlikely to leach VOCs into the environment. However, solvents that interact
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with the polyvinyl chloride resins and asphalt pads could leach chemical constituents including
methyl ethyl ketone, chlorine, sulfur, heavy metals (lead and cadmium), and additional VOCs
such as polyaromatic and aliphatic hydrocarbons. If it cannot be determined whether the asphalt
pads and/or vent risers are the source of any VOCs detected, it will be assumed for purposes of
selecting sampling locations that the source is the RSW.

1.3 DATA QUALITY OBJECTIVES

The DQO process used to support the development of this SAP followed EPA/600/R-96/055,
Guidancefor the Data Quality Objectives Process. The DQO process is a strategic planning
approach that provides a systematic process for defining the criteria that a data collection design
should satisfy. Using the DQO process ensures that the type, quantity, and quality of
environmental data used in decision making will be appropriate for the intended application.

This section summarizes the key outputs resulting from the implementation of the seven-step
DQO process. Additional details are included in the DQO summary report (D&D-23104).

1.3.1 Statement of the Problem

To assess whether contaminant releases to the environment have occurred from the RSW that
will be retrieved from the 218-W-4B Burial Ground, data regarding concentrations of burial
ground contaminants of concern in the substrate soils are needed, in accordance with the
Tri-Party Agreement Interim Milestone M-91-40, Requirement 2 (Ecology et al. 1989a).

1.3.2 Decision Rules

Decision rules are developed from consideration of the principal study questions, decision
statements, remedial-action alternatives, data needs, COC action levels, analytical requirements,
and scale of the decisions. Decision rules are structured as "IF...THEN" statements that indicate
the action that will be taken when a prescribed condition is met. Decision rules incorporate
the following:

. Population parameter of interest (e.g., the population mean concentration)

* The statistic that will be used to estimate the population parameter of interest
(e.g., the sample mean as estimated by the value at the 95 percent upper confidence limit
of the sample distribution)

" The scale of the decision (e.g., location)

. The preliminary action level(s) (e.g., COC concentration above which a specific action
will be taken)

" The resulting actions.
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The decision rules developed during the DQO process for sampling at the 218-W-4B Burial
Ground in response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2,
support decision-making for the 218-W-4B Burial Ground (D&D-23104). The decision rules are
summarized in Table 1-4.

Table 1-4. Decision Rules. (2 Pages)

DR# Decision Rule

If the VOC vapor concentrations measured in samples collected from the vent risers in the
RSW trenches in the 218-W-4B Burial Ground are greater than the compound-specific
detection limits* for the analytical equipment, then add the detected VOCs to the COC list for
sampled trenches and use the detected or maximum detected concentrations to identify the
locations for subsequent asphalt pad surveys; otherwise, do not add to the COC list or identify
survey locations.

If the trench floor beneath the RSW in Trench T- II where no asphalt pad is present has visual
indications of staining from contact with organic solvents, and/or the detected VOC vapor
concentrations on the trench floor surface are greater than the compound-specific detection

2 limits* for the analytical equipment, and/or the detected radiological activity on the trench
floor is greater than the background radiation detected by the field detector, then use the
hot-spot locations to guide substrate soil characterization beneath the surface of the trench
floor; otherwise, hot-spot locations are not available to guide substrate soil characterization.

If the trough/sump in the bottom of the cement-lined V-trench or asphalt pad beneath the
RSW has visual indications of staining from contact with organic solvents, and/or the detected
VOC vapor concentrations in the trough/sump in the bottom of cement-lined V-trench or on
the asphalt pad are greater than the compound-specific detection limits* for the analytical

3 equipment, and/or the detected radiological activity in the trough/sump in the bottom of
cement-lined V-trench or on the asphalt pad is greater than the background radiation detected
by the field detector, then use the hot-spot locations to guide substrate soil characterization
beneath the trough/sump in the bottom of the cement-lined V-trench or the asphalt pad;
otherwise, hot-spot locations are not available to guide substrate soil characterization.

If the VOC soil-vapor concentrations in the vadose zone soil underlying the trench floor in
Trench T-1 I where no asphalt pad is present are greater than the compound-specific detection
limits* for the analytical equipment, and/or the detected radiological activity on sampling

4 equipment removed from the subsurface during this vadose zone soil-vapor sampling is
greater than the background radiation detected by the field detector, then use those locations
to guide substrate soil characterization; otherwise, hot-spot locations are not available to guide
substrate soil characterization.

If the VOC soil-vapor concentrations in the surface soil around the perimeter of the asphalt
pad are greater than the compound-specific detection limits* for the analytical equipment,
and/or the detected radiological activity in the surface soil around the asphalt pad is greater

5 than the background radiation detected by the field detector, then use those locations to guide
substrate soil characterization; otherwise, hot-spot locations are not available to guide
substrate soil characterization.
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Table 1-4. Decision Rules. (2 Pages)

DR # Decision Rule

If the detected chemical or radiological constituent concentrations in the substrate soils
beneath the trench floor are greater than the action levels defined in Table 2-2, then decision
makers will evaluate the need for additional characterization deeper in the vadose zone

6 through the cleanup processes set forth in RCRA and/or CERCLA and will add the identified
COCs to the conceptual distribution model; otherwise, decision makers will evaluate the data
and decide against additional characterization deeper in the vadose zone and adding COCs to
the conceptual distribution model.

'Compound-specific detection limits per Tables 2-1 and 2-2 in this sampling and analysis plan.
CERCLA = Comprehensive Environmental Response. Compensation, and Liability Act of 1980.
COC = contaminant of concern.
DR = decision rule.
RCRA = Resource Conservation and Recovery Act of 1976.
RSW = retrievably stored waste.
VOC = volatile organic compound.

1.3.3 Error Tolerance and Decision Consequences

Because analytical data only provide an estimate of the true condition of the site under
investigation, decisions that are made based on measurement data potentially could be in error
(i.e., decision error). For sampling designs that are statistically based, statistical methods
normally used to quantify uncertainty can be used to probabilistically determine decision errors.
For sampling designs that are nonstatistically based (i.e., judgmental), uncertainty is evaluated
qualitatively to estimate decision error.

The charter for the characterization in this study is Tri-Party Agreement Interim
Milestone M-91-40, Requirement 2 (Ecology et al. 1989a). The directive in the milestone
includes initial sampling through vent risers in the burial grounds before waste retrieval. Vent
riser sampling will be performed in the 218-W-4B Burial Ground as it was in the
218-W-4C Burial Ground (i.e., in trenches where records indicate the presence of RSW and vent
risers are present, intact, and accessible). The vent-riser locations are an artifact of the burial
ground design and were not determined by a statistical sampling design. Therefore, the sampling
design for vapor sampling through vent risers is nonstatistical. The uncertainty associated with
the decisions to be made based on determining whether the vapors in the vent risers are
contaminated with VOCs is considered to be relatively low. Because many organic vapors are
denser than air, sampling from the bottom of the vent riser near the base of the trench will
sample from the area most likely to contain contaminated vapors.
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A focused sampling approach will be used to guide selection of locations for vadose zone
soil-vapor sampling and soil sampling in the substrate soils following waste retrieval, including
locations for vadose zone soil-vapor sampling and soil sampling in the substrate soils in the
portion of Trench T-l I where no asphalt pad exists; locations for vadose zone soil-vapor
sampling adjacent to the asphalt pads; and locations for soil sampling in the substrate soils
beneath the trough/sump at the bottom of the V-trench and beneath the asphalt pads.
Sampling locations will be based on the following:

. Results of the vent riser vapor sampling conducted before waste retrieval

. Visual observations of the trough/sump in the bottom of the V-trench, the asphalt pad, or
trench floor

. Organic monitoring and radiological surveys conducted in the trough/sump at the bottom
of the V-trench, on the asphalt pad, and on the trench floor and during sample collection
activities

. Results of previous soil-vapor sampling.

The uncertainty associated with the decisions to be made based on determining whether the
substrate soils are contaminated is considered to be relatively low. Where a cement V-trench or
asphalt pad is present, the visual observations and surveys of the trough/sump and asphalt pad
and the soil-vapor sampling in the perimeter soils are likely to indicate any potential areas of
contamination under the V-trench or asphalt pad. In Trench T-t 1, where no asphalt pad is
present, the uncertainty associated with missing a hot spot is quantified in the statistically based
hot-spot sampling design (Appendix A). That, coupled with collecting additional samples at
biased locations based on visual observations, conducting surveys of the soil vapor on the trench
floor and in substrate soils, and conducting radiological surveys during sample collection, further
reduces the likelihood of missing a hot spot if one is present. A hot-spot sampling design also
may be used to identify locations for soil-vapor sampling adjacent to the asphalt pads, in the
absence of any observational data or previous sampling (Appendix A).

The statistically based hot-spot sampling design is a form of random sampling. The size and
shape of the elliptical target of interest and the chance of missing an existing hot spot are
specified. Once these specifications are made, an estimate can be made of the grid spacing
required to detect a hot spot within the desired specification. The location of the first grid node
is chosen randomly, and the grid is laid out from there. The decision makers must specify the
length of the semimajor axis of the smallest hot spot important to detect, the expected shape of
the elliptical target, and an acceptable probability of not finding the hot spot. The probability of
not finding a hot spot is equivalent to the false positive decision error (i.e., determining that no
COCs are present in the soil vapor because no hot spot was found, when a hot spot actually
exists). If a statistically based sampling design is implemented for substrate and/or vadose zone
characterization in the portion of Trench T-l I where no asphalt pad is present and/or around the
edge of the asphalt pads in Trenches T-07 and T-l 1, the proposed length of the semimajor axis is
5 m (16 ft), the proposed shape of the elliptical target is an ellipse with a
major-axis-to-minor-axis ratio of 1:0.8, and the proposed acceptable probability of not finding a
hot spot is 10 percent. To provide this level of certainty, a sample spacing of 7.6 m (25 ft) is
needed.
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1.3.4 Sample Design Summary

This summary provides the basis for the sampling design. The details of the sampling design are

presented in Chapter 3.0.

The sampling design presented in this SAP was developed during the DQO process
(D&D-23104) in response to the Tri-Party Agreement Interim Milestone M-91-40,
Requirement 2 (Ecology et al. 1989a). The primary elements of the sampling design,
as specified in the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2, are vapor
sampling through vent risers in the trenches before waste retrieval and characterization of the
substrate soils beneath the trenches following waste retrieval. This investigation applies only to
the retrievably stored suspect TRU waste in the trenches in the 218-W-4B Burial Ground
(Trenches T-07 and T-1 I as indicated in Figure 1-2).

Resources in the sampling design are focused in areas with the highest potential for detecting the

burial ground COCs and moving to additional sampling in a focused manner. This calls for
a three-step sampling design. In Step I, this approach targets the vent risers in the
218-W-4B Burial Ground trenches before beginning waste retrieval operations, an activity
expected to have the lowest degree of uncertainty and the lowest cost. In Step II, the sampling
design shifts to the asphalt pad and adjacent soils (where present) or the trench floor and vadose
zone soils. Visual observations, organic vapor monitoring, and radiological surveys will be
conducted on the asphalt pad or directly on the trench floor where no asphalt pad is present.
These data, and the data collected during the vent riser sampling conducted in Step I, will be
evaluated to determine if additional characterization in the vadose zone soils will be performed
for VOCs in soil vapor and radionuclides adhering to sampling equipment as it is retrieved from
the subsurface. Step III involves assessing the data collected in Step I and Step II, potentially
leading to characterization of the substrate soils beneath the retrieved RSW.

The Step I vent riser sampling will be conducted before waste retrieval. The Step II and Step III
sampling to characterize the surface of the asphalt pad or trench floor, vadose zone soils, and
substrate soils will be conducted when the entire RSW portion of the trench has become
accessible and sampling efforts will not interfere with waste retrieval operations.

Changes to the work scope detailed in the SAP may be required because of unexpected field
conditions, new information, health and safety concerns, waste left in place, inability to release
samples for off-site analysis, or other unforeseen conditions. Minor changes that have no
adverse effect on the technical adequacy of the job (i.e., on the DQOs) or schedule can be made

in the field with approval by the project manager or assigned task lead and can be documented in
the daily field logbook and/or field summary reports. Changes that affect DQOs will require
concurrence by the U.S. Department of Energy, Richland Operations Office, and the lead
regulatory agency and can be documented through unit managers' meetings. Alternatively, if
substantial changes are required, the SAP can be revised with U.S. Department of Energy,
Richland Operations Office, and regulatory agency approval.
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2.0 QUALITY ASSURANCE PROJECT PLAN

The quality assurance project plan (QAPjP) establishes the quality requirements for
environmental data collection, including sampling, field measurements, and laboratory analysis.
The QAPjP complies with the requirements of the following:

" Hanford Federal Facility Agreement and Consent Order Action Plan, Sections 6.5,
"Quality Assurance," and 7.8, "Quality Assurance" (Ecology et al. 1989b), as applicable

* EPA/240/B-01/003, EPA Requirements for Quality Assurance Project Plans
(EPA QA/R-5), March 2001 as revised

* SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third
Edition, as amended.

To meet the site-specific needs for the 218-W-4B Burial Ground sampling and analysis
investigation in response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2
(Ecology et al. 1989a), this QAPJP includes the following elements, which were developed
during the DQO process. The additional QAPjP elements required by EPA QA/R-5 are
addressed in the companion DQO summary report (D&D-23104) or in other sections of this
SAP. A matrix that shows how the EPA QA/R-5 required elements are addressed is provided as
Appendix B to this SAP.

. Analytical Performance. Requirements for detection limits, precision, and accuracy are
presented in Section 2.1.

. Field Quality Control. The frequency and type of quality control (QC) samples to be
collected are addressed in Section 2.2.

. Sample Preservation, Containers, and Holding Time. The requirements for the
specific test and laboratory methods are addressed in Section 2.3.

. Onsite Measurements Quality Control. The specific types of QC samples for onsite
measurements and the frequency of collection are addressed in Section 2.4.

. Data Management. The processes used to manage the data generated as a result of the
activities described in this SAP are described in Section 2.5.

. Data Validation and Usability. Specific validation requirements, including the
frequency and level of validation, are addressed in Sections 2.6 and 2.7.

. System and Performance Assessments, Frequency, and Corrective Actions. The
processes for conducting system and performance assessments and corrective actions are
found in Section 2.8.

. Technical Specifications. The technical specifications relevant to sample collection
(e.g., sample containers, field documentation, etc.) are found in Section 2.9.
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2.1 ANALYTICAL PERFORMANCE
REQUIREMENTS

The applicable analytical methods and the associated requirements for detection limits, precision,
and accuracy are presented in Tables 2-1 and 2-2. The requirements for laboratory instrument
calibration and frequency are specified in the analytical methods referenced in the tables or in
statements of work provided to the laboratories before sample shipment.

2.2 FIELD QUALITY CONTROL

Field QC samples are collected to evaluate homogeneity, the potential for cross contamination,
and laboratory performance. Field QC for sampling at the 218-W-4B Burial Ground trenches
will differ depending on the type of sampling being conducted. Field QC includes collecting
duplicate, field-split, equipment-blank, and trip-blank samples.

For vent riser vapor samples and vadose zone active soil-vapor samples collected in Tedlar 3 bags
or SUMMA 4 canisters for analysis for VOCs, field QC will require the collection of duplicate
samples and equipment-blank samples. For vent riser vapor samples and/or vadose zone active
soil-vapor samples drawn directly into the field-screening instrument for analysis, field QC will
require analysis of duplicate samples.

For soil samples, field QC will require the collection of duplicate samples, field-split samples,
and equipment-blank and trip-blank samples.

2.2.1 Duplicates

For vent riser vapor samples and vadose zone soil-vapor samples collected in Tedlar bags,
duplicates are defined as samples collected with enough volume to permit two separate analyses,
performed sequentially, using the same analytical equipment. These samples will be collected to
evaluate performance of the analytical methodology by comparing two analyses of the vapor
concentration in one Tedlar bag. For vent riser vapor samples and/or vadose zone soil-vapor

samples drawn directly into the field-screening instrument for analysis, duplicates are defined as
two separate analyses, performed sequentially, using the same analytical equipment.

At least 5 percent of the total collected vent riser vapor samples and vadose zone soil-vapor
samples will be duplicated (i.e., I field duplicate will be analyzed for every 20 samples or, at a

minimum, 1 duplicate per day). The duplicate samples will be designated during the field
analyses. Where feasible, duplicates will be selected after the initial sample is analyzed and

shown to contain detectable concentrations of VOCs, so that valid comparisons between the

analyses can be made (i.e., concentrations will be above the detection limit).

3Tedlar is a registered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware.
4SUMMA is a trademark of Moletrics, Inc., Cleveland, Ohio.
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Table 2-1. Analytical Performance Requirements for Vapor and Soil-Vapor Samples. (2 Pages)
- - Target Required

-- Preliminary Action Level' Quantitatlon
ChtmiatefCom cr Asrcal Limits Precision. Accuracy

ContinantfConcern Src TBD Gw Name/Analytlcal Technology Vapor (%) Vapor (%)
l ndustral Protection -Vapor

Fleld-Screening Measurements
Total VOCs N/A N/A N/A Organic vapor monitor? 10 ppmV +1- 25 75 - 125
Carbon tetrachloride 56-23-5 N/A N/A Innova' analyzer I ppmv +/- 25 75- 125

56-23-5 N/A N/A MIRAN SapphlRe Ambient Air Analyzer4  0.05 ppmv +/-25 75-125
Chloroform 67-66-3 N/A N/A Innova multieas analyzer I ppmv +/-25 75 - 125

67-66-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.07 ppmv +/-25 75 - 125
Acetone 67-64-1 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 5 ppmv +1-25 75-125
Ammonia 7664-41-7 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.7 ppmv +/-25 75-125
Benzene 71-43-2 N/A N/A M IRAN SapphiRe Ambient Air Analyzer 2 ppmv +/-25 75-125
n-butyl alcohol 71-36-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.25 ppmv +/-25 75-125
Carbon dioxide absolute 124-38-9 N/A N/A MIRAN SapphlRe Ambient Air Analyzer I ppmv +1-25 75-125
Carbon dioxide differential 124-38-9 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 1.5 ppmv +/-25 75- 125
Carbon disulfide 75-15-0 N/A N/A MIRAN SapphiRe Ambient Air Analyzer I ppmv +/-25 75- 125
Chlorobenzene 108-90-7 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.4 ppmv +/-25 75 - 125
p-dichlorobenzene 106-46-7 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.25 ppmv +/-25 75-125
1,1-dichloroethane 75-34-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.4 ppmv +/-25 75-125
1,2-dichloroethene 540-59-0 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.6 ppmv +/- 25 75 -125
Ethyl benzene 10041-4 N/A N/A MIRAN SapphlRe Ambient Air Analyzer .2 ppmv +/-25 75-125
Ethyl chloride (Chloroethane) 75-00-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer I ppmv +/-25 75- 125
Ethylene dichloride 107-06-2 N/A N/A M IRAN SapphiRe Ambient Air Analyzer 0.7 ppmv +/-25 75 - 125
(1.2-dichloroethane)
Methane 74-82-8 N/A N/A M I RAN SapphIRe Ambient Air Analyzer 1.5 ppmv +/-25 75-125
Methyl chloride (Chloromethane) 74-87-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 1.7 ppmv +/-25 75-125
Methylene chloride 75-09-2 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 4 ppmv +/-25 75-125
Methyl chloroform 71-55-6 N/A N/A MIRAN SapphlRe Ambient Air Analyzer 0.15 ppmv +/-25 75-125
(1,1,1-Trichloroethane)
Methyl ethyl ketone (2-butanone) 78-93-3 N/A N/A MIRAN SapphlRe Ambient Air Analyzer 1.6 ppmv +/-25 75 - 125
Methyl isobutyl ketone 108-10-1 N/A N/A MIRAN SapphlRe Ambient Air Analyzer 0.35 ppmv +/-25 75-125
(4-methyl-2-pentanone) I
Stwrene 10042-5 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.6 ppmv +/-25 75-125
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Table 2-1. Analytical Performance Requirements for Vapor and Soil-Vapor Samples. (2 Pages)
- - Target Required

Preliminary Action Level' Quantitation
Cmeicl TBLimits Precislon Accuracy

Contaminant of Concern Abstracts -B G Name/Analytical Technology Vapot (%) Vapor (%)
Industrial Protection Vapor

- - (ml/k!)_ (mg/kg)-
Tetrachloroethene 127-18-4 N/A N/A MIRAN SapphlRe Ambient Air Analyzer 0.09 ppmv +/-25 75- 125
1,1,2,2-tetrachloroethane 79-34-5 N/A N/A MIRAN Sapphi Re Ambient Air Analyzer 0.25 ppmv +/-25 75- 125
Toluene 108-88-3 1 N/A N/A MIRAN SapphiRe Ambient Air Analyzer I ppmv +/-25 75- 125
Trichloroethene 79-01-6 N/A N/A MIRAN SapphlRe Ambient Air Analyzer 4 ppmv +/-25 75- 125
1,1,2-trichloroethane 79-00-5 N/A N/A M IRAN Sapphi Re Ambient Air Analyzer 0.25 ppmv +/-25 75- 125
Vinyl chloride 75-01-4 N/A N/A MIRAN SapphlRe Ambient Air Analyzer 0.6 ppmv +/-25 75- 125
Vinylidene chloride 75-35-4 N/A N/A M IRAN Sapphl Re Ambient Air Analyzer 0.2 ppmv +/-25 75- 125
(1, 1-dichloroethene)
Xylene 1330-20-7 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 1.3 ppmv +1-25 1 75- 125

Laboratorv Measurements
Full suite of VOCs Compound- N/A N/A Active soil-vapor analysis using 10 ppbv +/-25 70- 130

specifi Method T0-b14 (EPA/600/4-89/017),
TO-15 (EPA/625/R/-96- 890b).

'The preliminary action levels are N/A for this study (as noted in D&D-23104).
hle organic vapor monitor will include an 11.8 eV lamp. The lamp will ionize and measure compounds with lower ionization potentials, such as carbon tetrachloride (ionization potential

of 11.47 eV). However, the total concentration measured my include other volatile organic compounds with ionization potentials less than 11.8 eV.
'Innova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.
dMIRAN and the SapphlRe Ambient Air Analyzer are registered trademarks of Thermo Electron Corporation. Franklin, Massachusetts.
'The precision of the analyses using the M IRAN will be confirmed during calibration of the instrument.

D&D-23 104, Data Quality Objectives Summary Reportfor the 218-W-4R Burial Ground Contaminant Release Investigation.
EPAI600/4-891017. Compendium ofMethodsfor the Determination of Toxic Organic Compounds in Ambient Air.
EPA/625/R-96-01Ob, Compendium ofifethodsfor the Determination of Toxic Organic Compounds in Ambient Air. Second Edition.

GW - groundwater.
N/A - not applicable.

ppbv - parts per billion by volume.
ppmv - parts per million by volume.

TBD - to be determined.
VOC - volatile organic compound.
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Table 2-2. Analytical Performance Requirements for Soil Samples. (4 Pages)
Preliminary Action .- Target Required .

Levecl*-. Quantitation Limits-
Chemical -L- - Precision Accuracy Precision Accuracy

Concrn Abstracts B GW NamelAnalyticalTechnology Watet . Water Water Soil Soil
Cocern Servce # Industrial Protection Cone. Soil-Other Conc. , ( /,)

(pCi/g or (pC/g or (pCi/L or (pCi/g or mg/kg)
-__ mg/kg) j ma/kg) mg/L) -

Field-Screening Measurements - Radionuclides*
Am-241 N/A N/A N/A PG-2 Nal detector N/A S pCi/g N/A N/A t20 80-120
Gamma-em ing N/A N/A N/A Portable Nal detector N/A 6.2 pCi/g N/A N/A t20 80-120
Radionuclides __________ ______________ ______________________ ____

SHP380-AB Probe 90 dpm/ 100 cm2

Gross alpha N/A N/A N/A N/A (fixed ) 2 N/A N/A t20 80-120
DP6DB Probe 20 dprri 100 cmn

(removable)

Laboratory Measurements - Radionuclides!

Americium-241 14596-10-2 22,400 TBD Americium isotopic--Am AEA 1 I t20 80-120 t35 65-135

Cesium-137 10045-97-3 156 TBD GEA 15 0.1 +20 80-120 *35 65-135

Cobalt-60 10198-40-0 32.8 TBD GEA 25 0.05 t20 80-120 t35 65-135

Europium-l52 14683-23-9 78 TBD GEA 50 0.1 k20 80-120 +35 65-135

Europium-154 15585-10-I 6.8 TBD GEA 50 0.1 *20 80-120 +35 65-135

Europium-155 14391-16-3 2,840 TBD GEA 50 0.1 *20 80-120 t35 65-135

Nickel-63 13981-37-8 4,026 TBD Nickel-63 - liquid scintillation 15 30 +20 80-120 ±35 65-135

Plutonium-238 13981-16-3 3,140 TBD Plutonium isotopic - Pu AEA I 1 ±20 80-120 t35 65-135

Plutonium-239/240 Pu-239/240 2,840 TBD Plutonium isotopic - Pu AEA 1 1 +20 80-120 t35 65-135

Strontium-90 Rad-Sr 16,060 TBD Total radioactive strontium - GPC 2 I +20 80-120 t35 65-135

Technctium-99 14133-76-7 2,740,000 TBD Techneium-99-liquid 15 15 +20 80-120 t35 65-135
Urn_-34_96295_,6 TBD_____ nmsscintillationpic-UAEA _ _ 20 80-_20 t35 65-_35

Uraniurn-234 13966-29-5 17,760 TED Uranium isotopic -U AEA 1 1 +20 80-120 +35 65-335

Uranium-235 15117-96-1 674 TBD Uranium isotopic - U AEA I 1 +20 80-120 t35 65-135

Uranium-238 U-238 3,360 TBD Uranium isotopic-U AEA I I t20 80-120 t35 65-335
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Table 2-2. Analytical Performance Requirements for Soil Samples. (4 Pages)
Preliminary Action Target Required

ChemcalLevel' Quantitatio Limits_____

Contaminant of ChemicalQuantitaton Limits Precision Accuracy Precision Accuracy
Concen Abstracts TBC G - Name/Analytical Technology water Water Water Soil Soil

vern et Industrial Protection Cone. Soil-OtherCone. (% ) (., (.)
(pCi/g or (pCilg or (pCIL or (pCI/g or mg/kg)

mg/kg) mg/kg) - mg/L) :

Laboratory Measurements - Metals

Antimony 1,400 5.42 SP846 Method 6010B (ICP) or 0.06 6 +/- 30 70 - 130 +/-30 70- 130Antimony ~~~~~~~~~~7440-36-0 ____ ____ EPA Method 200.8 (ICP/MS) ___ ______ ___ ____

87.5 20d SW-846 Method 6010B (ICP) or 0.1 10 +/-30 70-130 +/-30 70-130
Arsenic 7440-38-2 EPA Method 200.8 (ICP/MS)

Barium 245,000 923 SW-846 Method 60101B (ICP) or 0.2 20 +/-30 70-130 +/-30 70-130Baryium 7440-39-3 7,000 63.2 EPA Method 200.8 (IC P) .0+7 7

7000 63.2 SW-846 Method 6010B (iCP) or 0.005 0.5 +/-30 70-130 +/-30 70- 130Beryllium 744041-7 U EPA Method 200.8 (ICP/MS) or _.0_ +- 7 3 /0 -

3,500 0.81d SW-846 Method 6010B (ICP)or 0.005 0.5 +/-30 70-130 +/.30 70-130Cadmium 744043-9 _30,000 22_ EPA Method 200.8 (ICP/MS) 0.0_ _+3_0_3 / 3 _70- 3

Unlimited 2,000 SW-846 Method 6010B (ICP) or 0.01 3 +/-30 70-3 +/-30 70-130Chromium 744047-3 9-2 _Un _ie 840 EPA Method 200.8 (ICP/MS) 0._ _ 0 +/- 3_ 70 - _30 +/- 3 _70- 3

74-0S 130,000 2' SWV-846 Method 60108B (ICP) or
MCopes 7443--9- EPA Method 200. (CP/MS) 0.03 3 +/-30 70-130 +1-30 70-130

Ulmtd 80 SW-846 Method 6010B(ICP) or 0.3 30 +/-30 70- 130 +/-30 70-130
Lead 7439-92-I niie14 EPA Method 200.8 (ICPIMS) ___________ ____

Mnaee73-65 490,000 50.2 SW-846 Method 60308B (ICP) or 0.05 5 +1-30 70-130 +1-30 70-130
Manganese 7439-96-5 ' EPA Method 200.8 (ICPIMS) _________

70,000' 130.4 SV-846 Method 60 OB (ICP) or 0.04 4 +/-30 70-130 +/-30 70-130
Nickel 7440-02-0 ____ ____ EPA Method 200.8 (ICP/MS)0.44+-3 7-30 130 0-30

17,500 Ig SW-846 Method 6010B (ICP) or 0.1 10 +/-30 70-130 +1-30 70-130
Selenium 778249-2 EPA Method 200.8 (ICP/MS) I I I I
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Table 2-2. Analytical Performance Requirements for Soil Samples. (4 Pages)
Preliminary Action Target Required

Le1e Quantitation Limits

Contaminante o Chemical -- L Precision Accuracy Precision Accuracy
Concern Abstracts Name/Anaiytical Technology Wate Water Water Soil Sol
Concern Service # Industrial Protection Cone. Soil-OtherCone. (% (0) NO (%/)

(pCI/g or (pCI/g or (pCI/L or (pC1g or mg/kg)
mg/kg) mg/kg) mg/L)

Silver 7440-224 17,500 0.884 S-846 Method 60108 (ICP) or 0.02 2 +/-30 70- 130 +/-30 70-130
_____________ _____ ____EPA Method 200.8 (ICP/MS) 0.22+ 0 7-3 1-3 70 13

24,500 2,240 Method 6010B (ICP) or 0.025 2.5 +/-30 70- 130 +/-30 70- 130
Vanadium 744"-2-2 2,4 EPA Method 200.8 (ICPIMS) ______ ____

VMUnlimited 226 EA ethod 6010B (lCP) or 0.01 1 +/-30 70-130 +/-30 70-130Zinc 7440-66-6 Ulmtd 26 EPA Method 200.8 (ICP/MS) ____

Mercury 7439-97-6 1,050 0.33' N/A 0.20 N/A N/A +-30 70-130
______ _1 ___ or EPA Method 200.8 (ICP/MSY N/ 0.0NA NAI/3 0 3

Mercury 7439-97-6 1,050 0.338 SV-846 Method 7470A (CVAA) 0.0005 N/A +/-30 70- 130 N/A N/A
_______________or EPA Method 200.8 (ICP/MSY I___ I I __

Laboratory Measurements - Semivolatile Organics
Full suite of Compound- Compound- Compound- SW-846 Method827OC 0.02 0.33 toO.S5h +- 30r 70- 130' +/-30' 70- 130
SVOCs specific specific spccificI
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Table 2-2. Analytical Performance Requirements for Soil Samples. (4 Pages)
Preliminary Action Target Required

-. Level' Quantitatlon Limits
Chemical - Precision Accuracy Precision Accuracy

Contaminantof Abstracts TBC GW Name/Analytic Technology Water Water Soil Soil
Concern Senice IndustrIal Protection Cone. Sol-Other Cone. %) %) (%) (%)

(pCVg or (pC/g or (pCI/L or (pCI/g or mg/kg)
mg/kg) mg/kg) mg/L)_

Laboratory Measurements - Volatile Organics

Full suite of VOCs Compound- Compound- Compound- SW-846 Method 82608' 0.005 0.005 to 0.05 +/-30' 7 +/- 30r 70- 3
1 specific I specific rspecific I

DP6DB, PG-2, and SIIP380-A/B are tradenarks of Eberline Instruments, a subsidiary of Therno Electron Corporation, Waltham, Massachusetts.
'The preliminary action levels for nonradionuclides are consistent with guidance contained in CLARC tables (Ecology 94-145) or risk-based values used to determine the appropriate analytical

requirements (target required quantitation limits). The preliminary action levels for radionuclides are based on 100 mmlyr above background and are used to determine appropriate analytical
requirements.

"Water values for sampling quality control (e.g., equipment blanks/rinses) or drainable liquid (if recovered).
'Radiological contaminants of concern pertain to CERCLA activities only.
'Table 740-1 of WAC 173-340-900, "Tables."
No action levels are specified for general groupings of compounds; action levels are compound specific.
'Accuracy criteria are the minimum for associated batch laboratory control sample percent recoveries. Laboratories must meet statistically based control if more stringent. Additional

analyte-specific evaluations also performed for matrix spikes and surrogates as appropriate to the method. Precision criteria for batch laboratory replicate matrix sample analyses.
I'.) 'Background value. C

'0 bValues shown are "nominal" compound-specific minimums and maximums. Most constituents will be within the given range. A limited number will have higher detection limits. Individual
compounds will be evaluated against established laboratory contractual agreements (based on EPA guidance documents).

SW-846 Method 5035A will be used as appropriate for VOC sampling and preservation.
JComparable results for elemental mercury can be obtained using either EPA Methods 7470/7471 (cold vapor atomic absorption) in SW-846, or EPA Method 200.8 (inductively coupled

plasma/mass spectrometry). The project's target quantitation limits will determine the methodology used for mercury analysis.

EPA Method 200.8 is found in Ecology 94-145.
Ecology 94-145, Cleanup Levels & Risk Calculations under the A Model Toxies ControlAc Cleanup Regulation (CLARC) Version 3.1.
EPA/600/R-94/l 1I1 Methodsfor the Determination ofietals in Environmental Samples. Supplement 1.
SW-846. Test M ethodsfor Evaluating Solid Waste: PhysikalChemical Afeihods. Third Edition.

AEA - alpha energy analysis. EPA - U.S. Environmental Protection Agency. N/A - not applicable.
CERCLA - Comprehensive Environmental Response. GEA - gamma energy analysis. SVOC - semivolatile organic compound.

Compensation. and Liability Act of 1980. GPC - gas proportional counting. TBC - to be considered.
CLARC - cleanup levels and risk calculations. GW - groundwater. TBD - to be determined.

CVAA - cold vapor atomic absorption. IC? - inductively coupled plasma. VOC - volatile organic compound.

dpm - disintegrations per minute. ICP/MS - inductively coupled plasma/mass spectrometry.
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The following strategy will be used for analyzing duplicate Tedlar bag samples and duplicate
samples drawn directly into the field-screening instrument. One sample in every 20 samples will
be analyzed sequentially as a sample and then as a duplicate sample. The first sample in the
20-sample group with detectable VOCs will provide the duplicate sample for that 20-sample
group. If a second sample in the 20-sample group has a significantly higher VOC concentration,
it also may be analyzed as a duplicate sample. If the first 19 samples in the 20-sample group
have no detectable VOCs, the 2 0 'h sample will be used as the duplicate.

For vent riser vapor samples and vadose zone soil-vapor samples collected in SUMMA canisters,
duplicates are defined as independent samples collected as close as possible to the same point in
space and time, taken from the same source, stored in separate containers, and analyzed
independently (i.e., not homogenized). One duplicate sample will be collected during vapor
sampling of vent risers and one duplicate sample will be collected during soil-vapor sampling of
the vadose zone.

For soil samples, duplicates are defined in the same way as for vapor samples collected in
SUMMA canisters. Duplicate samples are useful in evaluating the degree of inhomogeneity in
the soil. One duplicate sample will be collected during soil sampling. Generally, the duplicates
should be collected from areas that are expected to have some contamination so that valid
comparisons can be made between the samples (i.e., at least some of the COCs will be above the
detection limit).

2.2.2 Field Splits

Field split samples are used to provide an estimate of the overall variability in the measurement
system (i.e., from sample collection through analysis). Field split samples will be collected for
soil samples only. One field split sample will be collected for every 20 samples. All split
samples will be retrieved from the same sample interval using the same equipment
(e.g., collected from one split spoon). Samples shall be homogenized, split into two separate
aliquots in the field, and sent to two independent laboratories. Field splits should be collected
from a zone that is contaminated. Zones of potential contamination will be determined by
evaluating data collected during Step I and Step II characterization (D&D-23104), maximizing
the potential for meaningful duplicate analysis results.

2.2.3 Equipment Blanks

Equipment blanks will be collected at the same frequency that the duplicate samples were
collected, where applicable, and will be used to verify the adequacy of sampling equipment
decontamination procedures.

A Tedlar bag might be re-used if the additional sample(s) is to be collected from the same
location and depth as the previous sample(s), and/or if no contaminants were detected in the
previous samplc(s), and if the bag is in good condition. If the Tedlar bag is to be re-used, it will
be cleaned by filling and emptying it with atmospheric air a minimum of three times. The
cleaned Tedlar bags will be filled with certified clean air and analyzed to ensure that the Tedlar
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bag material is not responsible for VOC cross contamination. Equipment blanks shall be
analyzed for COCs identified for soil vapor (Table 1-1) collected in Tedlar bags.

For vent riser vapor samples and/or vadose zone soil-vapor samples drawn directly into the
field-screening instrument for analysis, no equipment blanks will be collected.

SUMMA canisters are cleaned by the analytical laboratory. At the laboratory, cleaned SUMMA
canisters will be filled with certified clean air and analyzed for cleanliness. These cleaning batch
certification analyses will serve as equipment blanks and will be analyzed for VOCs. At least
10 percent of the cleaned, evacuated SUMMA canisters will be checked for cleanliness.

For soil samples, the equipment blanks shall consist of pure deionized water washed through
decontaminated sampling equipment and placed in containers identical to those used for actual
field samples. Equipment blanks shall be analyzed for COCs identified for soils (Table 1-3).

2.2.4 Trip Blanks

Trip blanks are prepared as a check for possible contamination originating from container
preparation methods, shipment, handling, storage, or site conditions. A trip blank will be
prepared for each batch (cooler) of soil sample containers shipped. The trip blank shall consist
of pure deionized water added to clean sample containers. These containers will be transported
to the field with the bottle sets and will be returned unopened to the laboratory. The trip blanks
will be analyzed for VOCs only.

Trip blanks are not required to accompany the SUMMA canister or Tedlar bag samples.
The SUMMA canisters will be cleaned, evacuated, and sealed using a valve before sampling,
and resealed using a valve following sampling. The Tedlar bags will be analyzed in the field,
negating the value of a trip blank. If Tedlar bags are sent to a laboratory for analysis (because
field analysis instrumentation is unavailable), the equipment blanks collected will serve the
purpose of the trip blank.

2.3 SAMPLE PRESERVATION, CONTAINERS,
AND HOLDING TIMES

Sample preservation, containers, and holding times are presented in Tables 2-3 and 2-4 for vapor
and soil-vapor samples and in Table 2-5 for soil samples. Final sample collection requirements
will be identified on the Sampling Authorization Form.
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Table 2-3. Vapor Sample Preservation, Container, and Holding Time Guidelines
for Field Screening.

yAnalytical Tedlar Bag' Packing Holding
Analytes Priority Matrix Number Volume servatOnRequirements Time

Volatile Organic Compounds

VOCs I Vapor TBD I L N/A N/A 6 hours

'Tedlar is a registered trademark of E. 1. du Pont de Nemours and Company, Wilmington, Delaware.
'These are optimal volumes, which may be adjusted downward to accommodate the possibility of small sample recoveries.

Minimum sample size will be defned on the Sampling Authorization Form.
N/A - not applicable.
TBD = to be determined.
VOC = volatile organic compound.

Table 2-4. Vapor Sample Preservation, Container, and Holding Time Guidelines
for Laboratory Analyses.

Analytical Matrix SUMMA Canister' P Packing HoldingAnalytes Priority : Mt I Numberl Volumeb reservatio Requirements Time

Volatile Organic Compounds

I|| I Ambient temperature, 14-28
VOCs I I Vapor TBD 6 AL at or near atmospheric N/A days

1_ _ 1_ _ j pressure days

'SUMMA is a registered trademark of Moletrics, Inc., Cleveland, Ohio.
'This is the typical volume applicable to SUMMA-canister sample collection (if used). A vacuum is applied to the SUMMA

canisters in a laboratory, and they are shipped to the field with this negative pressure. Active soil-gas samples are drawn
into the canister by opening a valve and allowing gas to replace the vacuum. Thus, a volume of gas is contained in the
SUMMA canister after collection. Minimum sample size will be defined on the Sampling Authorization Form.
N/A =notapplicable.
TBD - tobe determined.
VOC - volatile organic compound.

Table 2-5. Soil Sample Preservation, Container, and Holding Time Guidelines
for Laboratory Analysis. (2 Pages)

Analytes Analyica Matrix Bottle Amountb'' Preservation Reqirents oiePriority 1 -Nmbr IType 1Pack___ -Rqimnt j Tm

Chemicals

Metals (6010D or 200.8) 3 Soil I G/P 10-50Og None None 6 months

Mercury(7471Aor 4 Soil I G 5-125g None Cool4*C 28days

200.8)f

VOC (8260B) 1 Soil 3 40 mL 200 g None Cool 4 *C 14 days

AG

SVOC (8270C) 2 Soil I AG 125-1000 g None Cool 4 -C 14/40 days
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Table 2-5. Soil Sample Preservation, Container, and Holding Time Guidelines
for Laboratory Analysis. (2 Pages)

e* Analytical I . BoI13ttle I ~ t rsraln Packing Holding
Analytes* Prloty a trit Amount Preseation Requrements Time

Radionuclides

Americium isotopic 5 Soil I G/P 5 g None None 6 months
(AEA) I Ioi_ G/gnNnmn

Uranium isotopic (AEA) 5 Soil I G/P 5 g None None 6 months

Plutonium isotopic 5 Soil I G/P 5 g None None 6 months
(AEA)

Cesium-137(GEA) 5 Soil I G/P 500g None None 6 months

Cobalt-60 (GEA) 5 Soil I G/P 500 g None None 6 months

Europium-152 (GEA) 5 Soil I G/P 500 g None None 6 months

Europium-154(GEA) 5 Soil I G/P 500g None None 6 months

Europiurn-155 (GEA) 5 Soil I G/P 500 g None None 6 months

Nickel-63 (LSC) 5 Soil I G/P 10 g None None 6 months

Total radioactive 5 Soil I G/P 25 g None None 6 months
strontium (GPC) I

Technctium-99 (LSC) 5 Soil I G/P lOg None None 6 months

'These are optimal volumes, which may be adjusted downward to accommodate the possibility of retrieving a small amount
of sample.

'Soil samples that are submitted to the analytical laboratory for analyses for specific analytes require a minimum of a 10 g soil
sample for all 6010B analyses, a 5 g sample (which may be included in the same bottle as that for 60101B analysis) for
7471 A analyses, a 30 g sample for 8260B analyses, and a 125 g soil sample for 8270C analyses.

'Comparable results for elemental mercury can be obtained using either EPA Methods 7470/747 I (cold vapor atomic
absorption) in SW-846, or EPA Method 200.8 (inductively coupled plasma/mass spectrometry). The project's target
quantitation limits will determine the methodology used for mercury analysis.

EPA Method 200.8 is found in EPA/600/R-94/11 1, Afethodsfor the Determination ofAfetals in Environmental Samples.
Supplement 1.

*4-digit EPA methods are found in SW-846, Test Aklthods for Evaluating Solid Waste: Physical/Chetical Afethods Third
Edition.
AEA = alpha energy analysis. GPC = gas proportional counting.
AG - amber glass. LSC - liquid scintillation counting.
EPA = U.S. Environmental Protection Agency P = plastic.
G = glass. SVOC - semivolatile organic compound.
GEA = gamma energy analysis. VOC = volatile organic compound.

2.4 ONSITE MEASUREMENTS QUALITY
CONTROL

The collection of QC samples applies to the soil-vapor samples and soil samples described in
this plan. Field-screening instrumentation will be calibrated, maintained, and controlled
according to approved procedures.

2.5 DATA MANAGEMENT

Data resulting from the implementation of this QAPjP will be managed and stored by the Fluor
Hanford, Inc., organization responsible for sampling and characterization, in accordance with
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applicable data management procedures. At the direction of the task lead, all analytical data
packages will be subject to final technical review by qualified personnel before being submitted to
regulatory agencies or included in reports. Electronic data access, when appropriate, will be via
a database (e.g., Hanford Environmental Information System [HEIS] or a project-specific
database). Where electronic data are not available, hard copies will be provided in accordance
with Section 9.6 of the Tri-Party Agreement (Ecology ct al. 1989a).

2.6 VALIDATION AND VERIFICATION
REQUIREMENT

Data verification and validation are performed on analytical data sets primarily to confirm that
sampling and chain-of-custody documentation are complete, sample numbers can be associated
with the specific sampling locations, samples were analyzed within the required holding times,
and analyses met the data quality requirements specified in the DQO summary report
(D&D-23104). For soil samples, data verification and validation will include evaluation of
sample results based on matrix spike, laboratory control sample, and laboratory duplicate or
matrix spike duplicate (as appropriate to the method). Available field blanks, field duplicates,
and field splits will be examined. Validation will be performed on a minimum of one completed
data package or 10 percent of the data by a qualified data validator. A copy of the validated data
package will be provided to the Washington State Department of Ecology following completion
of the data validation process. Formal data validation will not be performed on field-screening
analytical results. For field-screening data, the data will be reviewed to ensure that they are
usable.

2.7 DATA QUALITY ASSESSMENT

The data quality assessment (DQA) process is used to determine whether or not the data meet the
project DQOs. Additional steps of the DQA process involve data plotting, testing for outlying
data points, and statistical hypothesis testing relative to the null and alternative hypotheses stated
in the DQOs. When statistical sampling designs are used, the outcome of the DQA process is a
statement that the statistical hypothesis testing suggests that the null hypothesis is accurate, that
the null hypothesis has been rejected, or that not enough data exist to make a determinative
conclusion based on the hypothesis test used. In the latter case, either additional data must be
collected to support the statistical hypothesis testing or the data user must make a decision with
higher uncertainty than the desired levels expressed in the DQOs.

The DQA chemists and statisticians recognize that data that are flagged during the data
validation process are not necessarily invalid. Flagged data are reviewed during the DQA
process to determine whether the validation flags affect the intended use of the data. During the
DQA activity for the data generated during characterization of the 218-W-4B Burial Ground, the
determination of whether or not any flagged data are recommended for use will be documented
in the DQA report.
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2.8 SYSTEM AND PERFORMANCE
ASSESSMENTS, FREQUENCY AND
CORRECTIVE ACTIONS

All sampling, field analytical, and laboratory analytical services required by this SAP will be
performed in accordance with the Hanford Site analytical laboratory quality assurance
requirements document that is applicable at the time. This document specifies the quality
principles, practices, and procedures for Fluor Hanford, Inc., and the subcontracted entities that
provide sampling and analytical services. The Fluor Hanford Waste Disposal/Groundwater
Remediation Project will ensure that field analytical and sampling services are assessed and
evaluated in accordance with the Hanford Site analytical laboratory quality assurance
requirements document that is applicable at the time and the Groundwater Remediation Project
quality assurance requirements. Laboratory analytical services will be assessed in accordance
with the Hanford Site analytical laboratory quality assurance requirements document that is
applicable at the time as part of the scheduled Integrated Contractor Audit Team assessment or

equivalent U.S. Department of Energy audits for laboratories providing services under this SAP.

2.8.1 System and Performance Assessments

A system assessment is an evaluation of an entire system to ensure that it will meet the project
requirements. An example of a system assessment is an onsite laboratory audit that ensures that
the sample receiving, sample storage, sample analysis, data reduction, and documentation
procedures used at the laboratory will meet the requirements of the project. A performance
assessment is the evaluation of the performance of one aspect of a system. An example of a
performance assessment is the insertion of performance evaluation samples to test the laboratory
system. Performance evaluation samples are samples containing analytes of interest at known
concentrations. Neither a system assessment nor a performance assessment will be performed as
part of this project except as noted previously. However, both the project and the analytical
laboratory will comply with systems in place for these types of assessments.

2.8.2 Corrective Action

Corrective-action procedures are implemented whenever sampling, field monitoring, or
laboratory analysis results do not meet the required quality assurance/QC standards. The types
of corrective action that apply to environmental analysis are laboratory corrective actions and
field corrective actions.

2.8.2.1 Laboratory Corrective Action

Laboratories providing analytical services in support of this SAP will be responsible for
establishing a corrective action program that is consistent with the Hanford Site analytical
laboratory quality assurance requirements document that is applicable at the time. Corrective
action processes that shall be addressed by the laboratory include the following:

. Evaluation of impacts of laboratory QC failures on data quality

. Root cause analysis of QC failures

. Evaluation of recurring conditions that are adverse to quality

. Trend analysis of quality-affecting problems
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. Implementation of a quality improvement process

. Control of nonconforming materials that may affect data quality.

Implementation of these corrective action processes will be evaluated as part of the yearly
Integrated Contractor Audit Team assessment or equivalent U.S. Department of Energy audits of
laboratories providing services under this SAP.

2.8.2.2 Field Corrective Action

The field team leader and project manager are responsible for ensuring that all field procedures
are followed completely and that field personnel arc trained adequately. The field team leader
and the project manager must document situations that may impair the usability of the samples
and/or data in the field logbook or nonconformance report forms in accordance with internal
corrective action procedures, as appropriate. The field team leader will note any deviations from
the standard procedures for sample collection, COCs, sample transport, or monitoring that
occurs. The field team leader also will be responsible for coordinating all activities relating to
the use of field monitoring equipment such as dosimeters and industrial hygiene equipment.
Field personnel will document in the logbook all noncompliant measurements taken during field
sampling. Ultimately, the project manager, or the field team leader at the discretion of the
project manager, will be responsible for communicating field corrective action procedures, for
documenting all deviations from procedure, and for ensuring that immediate corrective actions
are applied to field activities. Problems with sample collection, custody, or data acquisition that
adversely impact the quality of data or that impair the ability to acquire data, or failure to follow
procedure, shall be documented in accordance with internal corrective action procedures as
appropriate.

2.8.3 Reports to Management

Reports to management on data quality issues will be made if and when these issues are
identified. These issues will be reported by laboratory personnel to the project manager.
Subsequently, standard reporting protocols (e.g., project status reports) will be used to
communicate these issues to management. Because no performance or system assessments are
planned as part of this activity, the project manager will not be providing audit or assessment
reports to management for this activity unless an unanticipated request is made to conduct such
an assessment. At the end of the project, a data quality assessment report will be prepared to
evaluate whether the type, quality, and quantity of data that were collected meet the intent of the
DQO and SAP.

2.9 TECHNICAL SPECIFICATIONS

Sampling and field measurements will be conducted in accordance with the following
technical specifications.
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2.9.1 Sample Location

Sample locations for vadose zone soil-vapor sampling will be staked and labeled before the
activity is started. Sampling locations will be staked by the technical lead or field team leader
assigned to the sampling activities described in this SAP. After the locations have been staked,
minor adjustments to the location may be made to mitigate unsafe conditions, avoid structural
interferences, and bypass utilities. Locations will be identified during or after sampling
following approved procedures. Changes in sample locations that do not affect the DQOs will
require approval of the Fluor Hanford, Inc., project manager for this SAP. However, changes to
sample locations that result in impacts to the DQOs will require decision-maker concurrence.

2.9.2 Sample Identification

The Fluor Hanford, Inc., Sample and Data Tracking database will be used to track the samples
through the collection and laboratory analysis process. The HEIS database is the repository for
the laboratory analytical results. The HEIS sample numbers will be issued to the sampling
organization for this project in accordance with approved procedures. Samples tracked through
HEIS will be identified and labeled with a unique HEIS sample number. The sample location,
depth, and corresponding HEIS numbers are documented in the sampler's field logbook.

Sample containers are labeled with the following information using a waterproof marker on
firmly affixed, water-resistant labels:

. Sampling Authorization Form number
" HEIS number
. Sample collection date and time
. Name or initials of person collecting the sample
* Analysis required.

2.9.3 Field Sampling Log

The sampling team will be responsible for recording all information pertinent to field sampling
and analysis in bound logbooks in accordance with approved procedures. Logbook entries will
be dated and signed by the individual making the entry.

2.9.4 Sample Custody

Chain-of-custody procedures will be followed throughout sample collection, transfer, analysis,
and disposal in accordance with approved procedures to ensure that sample integrity
is maintained. Each time responsibility for custody of the sample changes, the new and previous
custodians will sign a record and note the date and time.
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2.9.5 Sample Containers

Tedlar bags (I L capacity) and SUMMA canisters will be used for collecting the vent riser vapor
samples and vadose zone soil-vapor samples identified in this SAP, as noted in Tables 2-3
and 2-4. After sample collection, all gas prefilters used will be surveyed. In addition, Tedlar
bags and SUMMA canisters that are filled inside of surface contamination areas will be surveyed
externally for contamination. Container requirements for potential soil samples are specified in
Table 2-5. Based on the amount of sample that can be obtained using proposed sampling
techniques, bottle size requirements could vary. Final types and volumes to be used for vapor
and soil will be listed on the Sampling Authorization Form.

2.9.6 Inspection/Acceptance Requirements for
Supplies and Consumables

Sample containers will be obtained from vendors who certify that the cleaning protocol used is
appropriate for the analyses to be performed on the sample. Other consumables such as gas
standards, calibration gases, and disposable sampling equipment (e.g., sampling tubing) will be
obtained from vendors on the basis of specifications provided in the vendors' published product
descriptions. Inspection and acceptance of these items will be documented in field logbooks or,
when the manufacturer provides certifications, maintained in project files to ensure the
availability of these records.
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3.0 FIELD SAMPLING PLAN

3.1 SAMPLING OBJECTIVES

The objective of these sampling and analysis activities is to determine whether a release of
contaminants to the substrate soil has occurred in the 218-W-4B Burial Ground. The field
sampling plan is based on the sampling design developed during the DQO process (D&D-23104)
and describes the pertinent elements of the sampling program. This section identifies, to the
extent possible, sample methods, locations, frequencies, analytes of interest, and container
requirements.

The primary use of the data acquired through the sampling design developed in this report is
defined in the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2
(Ecology et al. 1989a). Other potential uses for the data include developing
the 200-SW-2 Operable Unit preliminary conceptual contaminant-distribution models and
evaluating the risk assessment remedial action alternatives and remedial action decisions.

This sampling design applies only to those portions of the trenches in which RSW was placed.

A three-step sampling design has been developed for this project. The three steps in this

sampling design are as follows.

3.1.1 Step I

The main component of Step I of the sampling design is vapor sampling through vent risers at
the 218-W-4B Burial Ground. The following activities make up Step I sampling.

" Accessible vent risers will be sampled for VOC vapors. Sampling will be limited to the
vent risers that currently exist, that are in sections of trenches that currently contain RSW,
and that arc accessible without posing health and safety risks to workers (e.g., because of
the potential for subsidence). Trench T-07 has vent risers. If possible, the vertical duct at
the east end of Trench T-V7 also will be sampled.

. Vapor samples will be collected in Tedlar bags or introduced directly into the instrument
for onsite analysis using a field-screening instrument capable of analyzing for a limited
number of organic compounds. A field-screening instrument such as an organic vapor
monitor (OVM) will be used to provide real-time feedback on potential organic
contamination.

" Additional vapor samples will be collected in SUMMA canisters for laboratory analysis.

. Step I sampling results will be used to guide locations for sample collection during
Step II sampling (i.e., locations not associated with the statistically based hot spot random
sampling design).
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3.1.2 Step II

Step II includes visual observation and grid surveys, conducted after waste retrieval, over the
exposed surfaces of the trough/sump at the bottom of the V-trench (Trench T-V7) and over the
asphalt pad and soils along the edge of the asphalt pad in the remainder of Trench T-07 and in
Trench T-I 1, if present, using appropriate field-screening instruments. In the portion of
Trench T-t I where no asphalt pad is present, Step II characterization will involve surveying the
exposed trench floor using appropriate field-screening instruments after waste retrieval.
Following these surveys, decisions for additional characterization will be made. Several options
for additional characterization techniques are available during Step II. The decisions on which
of the techniques to implement will be based on the data obtained during previous surveys and/or
characterization activities. The complete list of Step I activities is as follows.

. Pertinent inspection records and/or occurrence reports regarding subsidence and/or
flooding in the 218-W-4B Burial Ground trenches will be reviewed for indications of
biased sampling locations. Observations made during waste retrieval also will be
reviewed to indicate possible judgmental survey and sampling locations.

. Surveys using radiological and OVM field detectors and visual observations will be
performed over the exposed area of the trough/sump in the bottom of the V-trench, the
asphalt pad, the soil adjacent to the asphalt pad, and the exposed trench floor following
waste retrieval. The surveys will be made when the trench floor underlying the RSW has
become accessible and sampling will not interfere with waste retrieval operations.
The results of these surveys and visual observations will be documented and evaluated
for obvious indications of locations for substrate soil characterization.

. If windblown sand, debris, or water (from precipitation) accumulates on the trough/sump
in the bottom of the V-trench, the asphalt pad, or the exposed trench floor before the
Step II investigation begins, the project team will evaluate the most appropriate actions to
be taken to enable the surveys to continue.

. If a significant amount of liquid is encountered in the V-trench or trough/sump in the
bottom of the V-trench following retrieval of the waste, a sample of the liquid will be
collected if possible and analyzed.

. During the surveys, the asphalt surface will be examined for indications of discoloration,
staining, bleaching, or tar depletion that could be caused by leakage of organic solvents
or other liquid waste from drums. Locations where the asphalt surface has been degraded
may indicate organic solvent pathways through the asphalt to the substrate soils. This
evaluation of the asphalt provides a basis for Step III sampling.

* During the surveys, the soil at the trench floor of that portion of Trench T- 1I where no
asphalt pad is present will be examined for indications of discoloration, staining, or
bleaching that could be caused by leakage of organic solvents or other liquid waste from
drums. This evaluation of the trench floor soil provides a basis for Step Ill sampling.

. At locations where characterization data obtained in Step I or Step II activities indicate a
potential hot spot, soil-vapor sampling using a direct-push technology (e.g., a cone
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penetrometer [CPT]) or hand auger will be performed. Where an asphalt pad is present,
soil-vapor sampling will be performed as needed along the edges of the asphalt pad to
determine locations where condensate run-off may have drained into the perimeter soils.

. In areas where data from surveys and observations are not available to indicate the
potential for elevated VOCs, decision makers will evaluate whether soil-vapor sampling
should be conducted along the edges of the asphalt pad using a systematic grid sampling
design. The sampling would be conducted using a direct-push technology (e.g., CPT).
As needed, sampling locations will be spaced at 7.6 m (25-fl) intervals along each side.
On each side, a random number generator will be used to determine the distance of the
first sampling location from the corner (Figure 3-1). At each sampling location,
soil-vapor samples will be collected at 1.8 m (6-fl) and 3.7 m (12-ft) depth intervals
below ground surface and analyzed using a field-screening instrument.

. If no potential hot spots were indicated by previous characterization activities in that
portion of Trench T-1 I where no asphalt pad is present, decision makers will evaluate
whether substrate soil-vapor characterization using a direct-push technology (e.g., CPT)
or hand auger should be performed in a grid pattern aimed at locating hot spots
(Appendix A). The presence of hot spots indicates locations where contained waste may
have drained into the substrate soils. The sampling locations for the grid survey
(if needed) will be as described in Appendix A and will be augmented by the results of
activities conducted in Step I and Step 11. As needed, sampling locations will be spaced
at 7.6 m (25-fl) intervals. A random number generator will be used to determine the
location of the first sampling location from the corner of the applicable section of the
trench (Figure 3-2). At each sampling location, soil-vapor samples will be collected at
1.8 m (6-fl) and 3.7 m (12-fl) depth intervals below ground surface and collected in
Tedlar bags (or drawn directly into the analytical instrument) for field-screening analysis.

. At each soil-vapor sampling location, the CPT rods or hand-augering equipment will be
surveyed by hand-held radioactivity detectors on their removal from each location. If the
asphalt pad or trench floor is not accessible by vehicle, depths greater than those
achievable with a hand auger will not be sampled. As needed, additional sampling
locations may be established between the 7.6 m (25-fl-) spaced locations to reduce the
grid size and better define potential hot spots.

. Deeper soil-vapor sampling may be conducted using a direct-push technology
(e.g., CPT). Samples will be taken adjacent to the initial locations with elevated vapor
concentrations that appear to define a VOC plume. Samples will be collected at 1.8 m
(6-fl) intervals below ground surface until refusal or until a maximum depth of
approximately 9.8 m (32 ft) below the surface of the substrate soils is reached. The
samples will be analyzed using a field-screening instrument.
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Figure 3-1. Sampling Grid for Soil-Vapor Sampling Along Perimeter of Asphalt Pads.
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Figure 3-2. Sampling Grid for Soil-Vapor Sampling in Deeper Vadose Zone and/or
Substrate Soils.
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3.1.3 Step I1

Step III activities involve sampling substrate soils. To determine if this intrusive characterization

is required, the results of the Step I and Step II characterization activities will be evaluated by
decision makers. During the review, decision makers will weigh detected contaminant
concentrations, uncertainties, and costs. If the Step I and Step 11 data evaluations indicate a need
for Step III characterization, the following methods will be considered as needed.

. Soil-vapor samples may be collected beneath the trough/sump at the bottom of the
V-trench and asphalt pad. After removal of the trough or asphalt in specified locations, a
direct-push technology (e.g., CPT) will be used to collect soil-vapor samples at selected
depths. The samples will be analyzed using a field-screening instrument. The locations
for sampling will be based on the Step II results.

. All of the field-screening results for soil-vapor samples will be evaluated. As needed,
soil-vapor samples may be collected at the location in an apparent VOC plume for
laboratory analysis. At these locations, samples will be collected at 1.8 m (6-ft) intervals
below ground surface until refusal or until a maximum depth of approximately 9.8 m
(32 ft) below the surface of the substrate soils is reached.

. As needed, soil samples will be collected to represent the first 15.2 cm (6 in.) of exposed
soil in the trench floors or soils underlying the V-trench or asphalt pad. If an engineered
fill that resembles gravel or cobble is present, the sampling depth will be 0.6 m (2 ft)
below the onset of native soils.

. These soil samples will be analyzed in the laboratory for the full suite of VOCs, SVOCs,
metals, and radionuclides, based on the type of constituents that were detected during the
previous characterization activities. If contaminants are detected in soil samples, the
decision about how to move forward will be made through the cleanup processes set forth
in RCRA and/or CERCLA.

The Step I, Step II, and Step III sampling design features are summarized in Table 3-1.

3.2 FIELD MEASUREMENTS

The field measurements described in this section are designed to address the sampling objectives
for Steps I through Step III. The section includes the sampling design, sampling requirements,
and potential sample design limitations.
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Table 3-1. 218-W-4B Burial Ground Sampling Design. (4 Pages)

Sample Collection Key Features of Design Basis for Sampling Design
Methodology - - -_____________________________________

Step I Sampling

Vapor sampling Sample vapors from accessible vent risers in sections of Vent risers offer a simple and
from vent risers in trenches containing RSW. If possible, also sample the inexpensive means of vapor
218-W4B Burial vertical duct at the east end of Trench T-V7. Collect vapor sampling in burial ground
Ground trenches. samples in Tedlar' bags (or draw the samples directly into the trenches. Results can be

analytical instrument) for onsite analysis using used to focus Step II
field-screening instrument. sampling.

Collect a vapor sample in a SUMMAb canister for laboratory
analysis from the vent riser in each trench with the highest
VOC concentration, based on field-screening results.

To the extent possible, sample all accessible vent risers in the
218-W-4B Burial Ground during one sampling event, which
may extend over multiple days.

Use analytical methods that identify individual VOCs in
vapor mixtures.

Step II Sampling

Surveys of the Using appropriate field-screening instruments, including an Locations on the V-trench
V-trench OVM, perform a systematic grid survey over the exposed trough/sump, the asphalt pad,
trough/sump, the surfaces of the trough/sump at the bottom of the V-trench, and the soils along the edges
asphalt pad, and the the asphalt pad, and the soils along the perimeter of the pad. of the pads that have elevated
soils along the edges Include locations where Step I vent-riser sampling and concentrations of organic
of the pads using an observations made during waste retrieval indicate the vapors or radiological
OVM and potential for elevated VOC concentrations. activity provide a basis for
radiological field identifying potential
detectors. contamination areas in the

edge soils and/or beneath the
V-trench and asphalt pad.

Visual observations During the surveys, examine the trough/sump at the bottom Locations where the
of the V-trench of the V-trench and asphalt pad surface, looking for V-trench and/or asphalt pad
trough/sump and indications of discoloration and/or tar depletion caused by surface has been degraded
asphalt pad surface. organic solvents leaking from drums. may indicate organic solvent

pathways through the
V-trench or asphalt to the
substrate soils. This provides
a basis for Step III sampling.

Surveys of the trench Using appropriate field-screening instruments, including an Locations on the trench floor
floor where no OVM, perform a systematic grid survey over the exposed with elevated concentrations
asphalt pad is present surfaces of the trench floor. Include locations where of organic vapors or
using an OVM and observations made during waste retrieval indicate the radiological activity provide a
radiological field potential for elevated VOC concentrations. basis for identifying potential
detectors. contamination areas in the

soil beneath the trench floor.

Visual observations During the surveys, examine the trench floor, looking for Stains on the trench floor may

of the trench floor indications of discoloration caused by organic solvents indicate organic solvent
surface where no leaking from drums. pathways through the trench
asphalt pad is floor to the substrate soils.
present. This is a basis for Step III

sampling.
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Table 3-1. 218-W-4B Burial Ground Sampling Design. (4 Pages)

Sample Collection Key Features of Design Basis for Sampling DesignMethodology -

Review of inspection Review the pertinent 218-W-4B Burial Ground trench Review may indicate
records and/or inspection records and/or occurrence reports regarding locations for biased sampling.
occurrence reports. subsidence and/or flooding for indications of biased sampling

locations.

Evaluate data from Decision makers review existing characterization data to Detected contaminant
Step I and Step 11 determine the need for additional characterization. concentrations, uncertainties,
characterization and costs are weighed to
performed to this determine the need for
point. additional characterization.

As needed, soil-vapor Based on the results obtained in Step I and Step II, determine Soil-vapor sampling may
sampling in the whether to use a direct-push technology to access the vadose locate areas where organic
vadose zone along zone along the edge of the asphalt pad or beneath the trench solvents have penetrated the
the edge of the floor for soil-vapor sampling at locations of elevated VOC substrate soils. These are
asphalt pad or concentrations. potential organic contaminant
beneath the trench At each sampling location, collect soil-vapor samples in pathways into the vadose
floor using a Tedlar bags (or draw the samples directly into the analytical zone.
direct-push instrument) at depths of 1.8 in (6 ft) and 3.7 in (12 fi) bgs.
technology Analyze the samples for VOCs using field-screening
(e.g., CPT) or auger. instruments.

Decision makers evaluate the use of a direct-push technology Laying out a systematic grid
for subsurface access along the edge of the asphalt pad or is a hot-spot search technique
beneath the trench floor at 7.6 in (25-ft) intervals using a that could investigate
systematic grid sampling design with a random start location. substrate soils in areas where

If implemented, collect soil-vapor samples in Tedlar bags (or data from surveys or visual

draw the samples directly into the analytical instrument) at observations are not available

depths of 1.8 in (6 fl) and 3.7 m (12 f1) bgs at each sampling to mdicate the potential for

location. Analyze the samples for VOCs using elevated VOCs.

field-screening instruments.

As needed, use a direct-push technology to collect additional Soil-vapor samples that are
soil-vapor samples at locations between the initial locations collected at locations between
with elevated VOC concentrations. the initial locations are used
At each sampling location, collect soil-vapor samples in to reduce the grid spacing and
Tedlar bags (or draw the samples directly into the analytical better define any VOC hot

instrument) at depths of 1.8 m (6 ft) and 3.7 m (12 ft) bgs. spots.
Analyze the samples for VOCs using field-screening
instruments.
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Table 3-1. 218-W-4B Burial Ground Sampling Design. (4 Pages)

Sample Collection Key Features of Design Basis for Sampling Design
Methodology Key Features of Design

If soil-vapor concentrations detected at 1.8 m (6 ft) or 3.7 m The initial results will be used
(12 ft) bgs beneath the trench floor or along the edge of the to guide vertical profiling for
asphalt pad indicate the presence of COCs, decision makers VOCs.
will evaluate whether to use direct-push technology to -
conduct deeper soil-vapor sampling adjacent to the initial
locations with elevated VOC concentrations that appear to
define a VOC plume in the vadose zone. In these locations,
the sampling will be conducted using a direct-push
technology (e.g., CPT) for subsurface access. At each
sampling location, soil-vapor samples will be collected in
Tedlar bags (or drawn directly into the analytical instrument)
at 1.8 m (6 ft) intervals below ground surface until refusal or
until reaching a maximum depth of approximately 9.8 m
(32 ft) below the surface of the substrate soil. The samples
will be analyzed using a field-screening instrument.

If organic contaminants are detected in soil-vapor samples, Sampling beyond this SAP
the decision of how to move forward will be determined by will be conducted at the
the cleanup processes set forth in RCRA and/or CERCLA. discretion of the decision

makers.

Step III Sampling -

Evaluate data from Decision makers review existing characterization data to Detected contaminant
Step I and Step II determine the need for additional characterization. concentrations, uncertainties,
characterization. and costs are weighed to

determine the need for
additional characterization.

As needed, Remove the trough/sump at the bottom of the V-trench or Soil-vapor sampling can
soil-vapor sampling asphalt in specified locations based on the Step II results. locate organic contaminant
in substrate soils Use direct-push technology (e.g., CPT) to access substrate pathways into the vadose
underneath the soils for soil-vapor sampling. zone.
trough/sump at the Sample for organic vapors at a depth of 0.6 m (2 ft) below
bottom of the the trough/sump at the bottom of the V-trench or asphalt pad.
V-trench or asphalt If an engineered fill is present beneath the trough at the
pad. bottom of the V-trench or asphalt pad that resembles gravel

or cobble, set the sampling depth to 0.6 m (2 f) below the
onset of native soils. Collect additional samples at depths of
1.8 m (6 ft) and 3.7 m (12 ft) below the trough at the bottom
of the V-trench or asphalt pad. Analyze the samples for
VOCs using field-screening instruments.

Use direct-push technology to conduct deeper soil-vapor
sampling adjacent to the initial locations with elevated VOC
concentrations that appear to define a VOC plume. At these
locations, sample at 1.8 m (6 R) intervals below ground
surface until refusal or until reaching a maximum depth of
approximately 9.8 m (32 ft) below the depth of the V-trench
or asphalt pad. Analyze the samples for VOCs using
field-screening instruments.
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Table 3-1. 21 8-W-4B Burial Ground Sampling Design. (4 Pages)

Sample Collection
Methodology Key Features of Design Basis for Sampling Design

Evaluate all At the location in an apparent VOC plume with the highest This evaluation captures
field-screening VOC concentrations based on field screening, collect sources both on the perimeter
results for soil-vapor soil-vapor samples in SUMMA canisters for laboratory and underneath the asphalt
samples collected analysis. At these locations, sample at 1.8 m (6-fl) intervals pad that could be indicating
beneath the trench below ground surface until refusal or until reaching a the presence of a plume.
floor, along the edge maximum depth of approximately 9.8 on (32 f1) below the
of the asphalt pad, depth of the trench floor, V-trench, or asphalt pad. If no
and underneath the VOC plumes are apparent at a given trench, laboratory
V-trench and asphalt samples will not be collected.
pad. As needed,
collect soil-vapor
samples for
laboratory analysis.

As needed, sample Collect soil samples at a depth of 0 to 15.2 cm (0 to 6 in.) at Soil samples can provide data
the soils beneath the locations determined by Step II characterization and Step III on all COCs at specified
trough/sump at the soil-vapor sampling results. depths below the surface of
bottom of the Collect samples using hand tools. Alternatively, use a the trench floor.
V-trench, the asphalt direct-push technology (e.g., drive casing) for access to the
pad or exposed trench desired depth and collect samples using a device such as a
floor where no split-spoon sampler.
asphalt pad or
V-trench is present. Analyze for the type of constituents that were detected on the

trench floor surface, asphalt pad, or in vadose zone soils
(e.g., if chemical constituents were detected, analyze for
chemical constituents. If radiological constituents were
detected, analyze for radiological constituents.).

If contaminants are detected in soil samples, the decision as Sampling beyond this SAP
to how to move forward will be determined through the will be conducted at the
cleanup processes set forth in RCRA and/or CERCLA. discretion of the decision

makers.

1Tedlar is a registered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware.
"SUMMA is a trademark of Moletrics, Inc., Cleveland. Ohio.
Comprehensive Environmental Response. Compensation, and Liability Act of 1980.
Resource Conservation and Recovery Act of 1976.
bgs = below ground surface.
CERCLA - Comprehensive Environmental

Response, Compensation, and Liability
Act of 1980.

COC = contaminant of concern.
CPT - cone penetrometer.

OVM
RCRA
RSW
SAP
VOC

= organic vapor monitor.
- Resource Conservation and Recovery Act of 1976.
= retrievably stored waste.
= sampling and analysis plan.
- volatile organic compound.

3.2.1 Step I and Step II Sampling Design Features

This section presents the primary features of the Step I and Step I sampling design, which are
as follows.

. Accessible vent risers in sections of trenches containing RSW will be sampled for VOC
vapors. Vapor samples will be collected in Tedlar bags or directly introduced in the
analytical instrument for onsite analysis using a field-screening instrument capable of
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analyzing for a limited number of organic compounds, including carbon tetrachloride.
Additional vapor samples will be collected in SUMMA canisters for laboratory analysis
of a broader range of VOCs. Vent risers offer a simple and inexpensive means of vapor
sampling within the burial ground trenches. The results will be used to focus Step II
sampling. A typical burial ground vent riser configuration is shown in Figure 1-4.

. A survey will be conducted over the exposed surfaces of the asphalt pad and exposed
trench floor (where no asphalt pad is present) once the RSW has been removed, using an
OVM and portable radiological detectors. Sampling will be conducted when the asphalt
pad and trench floor have become accessible and sampling activities will not interfere
with waste retrieval operations. During the OVM and radiation surveys, the asphalt pad
and trench floor also will be visually examined for indications of discoloration, staining,
and bleaching that could be caused by waste leaking from drums. This evaluation of the
asphalt pad and trench floor provides another basis for determining appropriate locations
for additional Step II and/or Step III sampling (if required).

. Pertinent 218-W-4B Burial Ground trench inspection records and/or occurrence reports
regarding subsidence and/or flooding will be reviewed for indications of biased
sampling locations.

* The decision makers will review the characterization data from Step I and the asphalt pad
and trench floor surveys conducted in Step II to determine the need for soil-vapor
sampling in the vadose zone soils. During the review, detected contaminant
concentrations, uncertainties, and costs will be weighed to determine the need for
additional Step II characterization. Additional Step II activities may include sampling
soil-vapor from the vadose zone along the edges of the asphalt pad or below the trench
floor and analyzing the samples for additional VOCs.

. As needed, vadose zone soil-vapor sampling will be conducted in the soil along the edges
of the asphalt pad and/or below the exposed trench floor where no asphalt pad is present
at locations of visible staining and elevated VOC concentrations or radiation readings,
based on results obtained during previous Step I and Step II characterization. The
sampling will be conducted using a direct-push technology (e.g., CPT) for subsurface
access. At each sampling location, soil-vapor samples will be collected at depths of
1.8 m (6 fl) and 3.7 m (12 fl) below ground surface in Tedlar bags (or drawn directly into
the analytical instrument) and analyzed using field-screening instruments.

. In areas where data from Step I vent riser sampling and Step II surveys and observations
are not available to indicate the potential for elevated VOCs, soil-vapor sampling may be
conducted using a systematic grid sampling design. The sampling would be conducted
using a direct-push technology (e.g., CPT). If an asphalt pad is present, the sampling
locations would be spaced at 7.6 m (25-ft) intervals along each side of the pad. On each
side, a random-number generator would be used to determine the distance of the first
sampling location from the corner (Figure 3-1). If exposed trench floor is present, the
sampling locations would be spaced at 7.6 m (25-f1) intervals along the length of the
trench. A random number generator would be used to determine the distance of the first
sampling location from the corner of the trench (Figure 3-2). At each sampling location,
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soil-vapor samples would be collected at depths of 1.8 m (6 ft) and 3.7 m (12 ft) below
ground surface and analyzed using a field-screening instrument.

" As needed, additional sampling locations may be established between the initial locations
with elevated VOC concentrations, to reduce the grid size and better define potential
VOC hot spots. At each sampling location, soil-vapor samples would be collected at
depths of 1.8 m (6 ft) and 3.7 m (12 fl) below ground surface and analyzed using a
field-screening instrument.

. If the asphalt pad or trench floor is accessible by vehicles, deeper soil-vapor sampling
may be conducted at the initial locations of elevated VOC concentrations that appear to
define a VOC plume in the vadose zone. In these locations, the sampling will be
conducted using a direct-push technology (e.g., CPT) for subsurface access. At each
sampling location, soil-vapor samples will be collected in Tedlar bags (or drawn directly
into the analytical instrument) at 1.8 m (6-ft) intervals below ground surface until refusal
or until reaching a maximum depth of approximately 9.8 m (32 ft) below the surface of
the substrate soil. The samples will be analyzed using a field-screening instrument.
Refusal occurs when the direct-push technology is no longer able to advance deeper into
the subsurface.

. If organic contaminants are detected in soil-vapor samples, the decision as to how to
move forward will be made through the cleanup processes set forth in RCRA
and/or CERCLA.

3.2.2 Step III Sampling Design Features

This section presents the primary features that could be applied in the Step III sampling design as
needed. The following activities make up Step III sampling.

. The decision makers will review the characterization data from Step I and Step II to
determine the need to implement the Step III investigation. During the review, detected
contaminant concentrations, uncertainties, and costs will be weighed to determine the
need for additional characterization. Step III activities involve sampling directly beneath
the trough/sump at the bottom of the V-trench, the asphalt pad, or the trench floor.

. As needed, the trough/sump at the bottom of the V-trench or asphalt will be removed at
specified locations, based on Step II results, and a direct-push technology (e.g., CPT) will
be used to collect soil-vapor samples in the substrate soils. Soil-vapor samples will be
collected at a depth of 0.6 m (2 ft) below the V-trench or asphalt pad. If an engineered
fill that resembles gravel or cobble is present beneath the trough at the bottom of the
V-trench or asphalt pad, the sampling depth will be 0.6 m (2 ft) below the onset of native
soils. Additional samples will be collected at depths of 1.8 m (6 fi) and 3.7 m (12 ft)
below the trough at the bottom of the V-trench or asphalt pad. The samples will be
analyzed using a field-screening instrument.

. If the trough/sump at the bottom of the V-trench or asphalt pad is accessible by vehicles,
deeper soil-vapor sampling may be conducted using a direct-push technology (e.g., CPT)
at the initial locations with elevated vapor concentrations that appear to define a VOC
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plume. Samples will be collected at 1.8 m (6-fl) intervals below ground surface until
refusal or until reaching a maximum depth of approximately 9.8 m (32 ft) below the
depth of the trough at the bottom of the V-trench or asphalt pad. The samples will be
analyzed using a field-screening instrument.

. All of the field-screening results for soil-vapor samples collected beneath the trench
floor, adjacent to the asphalt pads, and underneath the V-trench and asphalt pads will be
evaluated. Using all of the soil-vapor results will support a comprehensive view of
potential VOC plumes in the vadose zone. As needed, soil-vapor samples may be
collected at the location in an apparent VOC plume with the highest VOC concentration
based on field-screening results. Sampling will be conducted using a direct-push
technology at 1.8 in (6-fl) intervals below ground surface until refusal or until reaching a
maximum depth of approximately 9.8 m (32 fl) below the depth of the trench floor,
trough/sump at the bottom of the V-trench, or asphalt pad. The samples will be collected
in SUMMA canisters and analyzed for VOCs in the laboratory. If no VOC plumes are
apparent at a given trench, laboratory samples will not be collected.

The soil-vapor sampling results will be used to locate organic contaminant pathways into
the vadose zone. If organic contaminants are detected in soil-vapor samples, the decision
about how to move forward will be determined through the cleanup processes set forth in
RCRA and/or CERCLA.

* Substrate soil samples may be collected as needed using hand tools or a direct-push
technology at locations determined by the Step I and Step II characterization. Samples
will be collected at a depth of 0 to 15.2 cm (0 to 6 in.). The soil samples will be analyzed
in the laboratory. The analyses performed will depend on the constituents detected
during the surveys of the asphalt pad and trench floor. If chemical constituents
(i.e., VOCs) are detected during Step I or Step II surveys, the analyses will include
metals, VOCs, and SVOCs. If only radionuclides are detected during Step I or Step II
surveys, the samples will be analyzed for only metals and radionuclides.

. Soil samples can provide data on all COCs that may be present within the first 15.2 cm
(6 in.) of the exposed waste-soil interface. If contaminants are detected in soil samples,
the decision about how to move forward will be made in accordance with the cleanup
processes set forth in RCRA and/or CERCLA.

Soil-vapor sampling using direct-push technology generally will involve one-time installation of
direct-push rods and vapor sampling, followed by removal of the rods. However, in locations
with elevated vapor concentrations, the project may elect to leave the rods in place for longer
term vapor sampling or may install temporary vapor-sampling stations (using sintered metallic
filters). Direct-push technology rods that are left in place will be completed at the upper 45.7 cm
(18 in.) with concrete pads and brass survey markers (consistent with groundwater
well installations).

An advanced drive-point technology, the wire-line CPT, is being considered for collecting
soil-vapor samples. The wire-line CPT avoids a potential difficulty inherent in direct-push
sampling-removing the rods and reinserting them in the same hole. Several advanced
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characterization tools can be used with the wire-line CPT to sample soil vapor in the vadose
zone. The wire-line CPT vapor sampler can be used to draw soil-vapor samples to the surface
for analysis, and the wire-line CPT grouting module can be used to grout the hole after sampling
has been completed.

Use of these characterization tools will depend on their availability, cost-effectiveness, and
capability of fulfilling the sampling objectives for this investigation. If trucks are not allowed in
or near the 218-W-4B Burial Ground trenches, hand-augering equipment will be needed to
penetrate into the substrate soils. Soil-vapor samples then can be collected in Tedlar bags (or
drawn directly into the analytical instrument) or SUMMA canisters for analysis.

3.2.3 Vapor and Radionuclide Survey Requirements

Surveys using radiological and OVM field detectors and visual observations will be performed
over the exposed area of the trough/sump at the bottom of the V-trench, the asphalt pad, or
trench floor (where no asphalt pad is present) following waste retrieval. Areas that are
inaccessible following waste retrieval will not be surveyed. For example, access to certain
trench floor and subsurface soil locations could be hindered by the presence of nonretrieved
waste containers (e.g., remote-handled or non-RSW materials). In addition, because the RSW is
adjacent to waste in the same trench that is not RSW, some sampling locations may not be
accessible, because soil used to cover adjacent non-RSW for safety reasons following retrieval of
the RSW could hinder access. The actual amount of inaccessible area cannot be determined until
retrieval operations have been completed. The results of these surveys and visual observations
will be documented and evaluated for obvious indications of locations for substrate soil
characterization.

During the surveys, the trough/sump at the bottom of the V-trench, the asphalt pad, and the
trench floor where no asphalt pad is present will be examined for indications of discoloration,
staining, or bleaching that could be caused by organic solvents or other liquid waste leaking from
drums. This evaluation of the trough/sump at the bottom of the V-trench, the asphalt pad, and
trench floor provides another basis for selecting sampling locations for additional Step II and/or
Step III sampling (if needed).

3.2.4 General Soil-Vapor Sampling Requirements

Vadose zone soil-vapor samples will be collected in Tedlar bags (or drawn directly into the
analytical instrument) or evacuated SUMMA canisters through probes and/or tubing. The Tedlar
bags (or analytical instrument) will be plumbed with a "tee" fitting that allows venting of one
volume of air from the sampling probe and tubing before collecting the sample. The venting
time will be based on the length of the probes and tubing and the pumping rate. After venting,
the valves will be aligned to fill the Tedlar bag (or analytical instrument). Sampling is complete
when the bags are filled to approximately 75 percent of their capacity. The SUMMA canisters
will be attached to the tubing for sample collection after venting and after confirmation that the
canister has maintained sufficient vacuum. The sample will be drawn by opening a valve on the
SUMMA canister long enough to allow an adequate volume of vapor to be collected. Care will
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be taken to ensure that the rate of gas flow into the SUMMA canister is not so fast as to result in
outside air leaking in at the tubing connections and diluting the vapor sample.

The soil vapor in Tedlar bags may be analyzed using an Innova 5 multigas analyzer or other
field-screening instrument that can differentiate carbon tetrachloride and chloroform at the
target-required quantitation limits specified in Table 2-1. Soil vapor that is drawn directly into a
field-screening instrument will be analyzed using the MIRAN6 analyzer to identify, in one run,
up to five compounds from the list in Table 2-1 that best match the frequency spectrum of the
sample. The soil vapor in SUMMA canisters will be analyzed at the laboratory for the full suite
of VOCs specified in Table 2-1.

3.2.5 Soil Sampling Requirements

Potentially, soil samples for chemical and radionuclide analyses may be obtained with a hand
tool or a split-spoon or appropriate sampling device developed for the specific investigative
process (e.g., direct-push technology). To the extent possible, the selected sampling method
must ensure that material collected represents undisturbed media.

3.2.6 Potential Sample Design Limitations

The sampling design might not fill all vadose zone data gaps. As presented, the sampling design
allows for reassessment of characterization, remediation, and financial priorities. This approach
recognizes that decision makers will be in a better position to initiate expensive, deep vadose
zone characterization after conceptual model data gaps have been filled.

Other potential limitations of the proposed sampling designs are as follows.

. Access to the burial ground vent risers before waste retrieval, and to substrate soil
following retrieval, could be limited because of worker protection requirements or
other constraints.

. Some items still may be present in the trench that could limit access to certain substrate
soil locations for this sampling activity.

. Backfill placed over waste that is adjacent to the RSW but that will not be retrieved may
limit access to certain substrate soil locations for this sampling activity.

. The trough/sump in the bottom of the V-trench may not be accessible due to worker
safety concerns.

5 lnnova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.

6MIRAN is a registered trademark of Thermo Electron Corporation, Franklin, Massachusetts.
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3.2.7 Visual Observations

Surveys and visual observations will be made of the trough/sump at the bottom of the V-trench,
the asphalt pad, and exposed trench floor surface where no asphalt is present during RSW
removal operations. Observations describing containers removed, staining, odors, and container
integrity will be made available by removal operations personnel.

3.2.8 Waste Management Sampling

An evaluation will be conducted to identify any additional sampling that might be required to
support management of the waste generated from the field sampling activities. The evaluation
will consist of reviewing the contaminants of concern identified for the 218-W-4B Burial

Ground trench substrate soils (Table 1-3) and analyzing any additional constituents that should
be evaluated to complete the waste designation and profile. Additional sampling requirements
specific to waste management issues may be identified for the field activities described in
this SAP.

3.2.9 Supplemental Sampling for Other Projects

Supplemental sampling to support other projects such as the 200-SW-2 Operable Unit remedial
investigation was not identified before this document was prepared. However, supplemental
sampling may be requested as part of the decision-maker evaluation of the data generated during
the sampling activities described in the SAP.

3.3 POSITIONAL SURVEYING

All sampling locations established during this sampling activity will be surveyed. Data will be
recorded using NAVD88, North American Vertical Datum of 1988, and NAD83, North
American Datum of 1983, for the Washington State Plane (South Zone), with the 1991
adjustment for horizontal coordinates. All survey data will be recorded in meters and feet.
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4.0 IIEALTII AND SAFETY

All field operations will be performed in accordance with appropriate health and safety
requirements. Appropriate documentation will be prepared that will control site operations. This
documentation will consist of an activity hazard analysis, a site-specific health and safety plan,
and applicable work permits. Work shall be performed in accordance with site-specific health
and safety plans and applicable work permits. The sampling procedures and associated activities
will take into consideration exposure reduction and contamination control techniques that will
minimize the sampling team's exposure.
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5.0 MANAGEMENT OF CIIARACTERIZATION-GENERATED
WASTE

The 218-W-4B Burial Ground characterization activities potentially could generate low-level
radioactive waste, mixed waste, and investigation-derived waste. These waste types will be
managed in accordance with applicable regulations, requirements, and agreements.
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APPENDIX A

SAMPLING DESIGN FOR TIlE IDENTIFICATION OF HOT SPOTS
DURING ASPHALT PAD EDGE-SOIL AND

SUBSTRATE SOIL SAMPLING

A1.0 INTRODUCTION

This sampling design will be used to investigate the occurrence of organic soil vapor hot spots in
the substrate soils following waste retrieval. Survey and observational data collected during
initial sampling activities will be used to guide the locations for soil-vapor sampling along the
perimeter of the asphalt pads and in the exposed substrate soil where no asphalt pad is present in
the 218-W-4B Burial Ground. However, in the event that such data are not available and
soil-vapor sampling is deemed necessary, the sampling design provided in this appendix could be
used to investigate the occurrence of organic vapor hot spots on the asphalt pad perimeter or
trench floor soils. Should organic chemicals be present in the 218-W-4B Burial Ground
trenches, they also could be present in any vapor associated with the waste and in condensate
that might have collected within the trenches and drained off the pad into the surrounding soils or
entered the substrate soils within the trenches.

A.I ASSUMPTIONS

The following assumptions were used in developing the sampling design.

. The target (hot spot) is circular or elliptical. For subsurface targets this applies to the
projection of the target to the surface.

. Samples or measurements are taken on a square, rectangular, or triangular grid.

* The distance between grid points is much larger than the area sampled, measured, or
cored at grid points (i.e., a very small proportion of the area being studied actually
can be measured).

. The definition of hot spot is clear and unambiguous. This definition implies that the
types of measurement and the levels of contamination that constitute the hot spot are
clearly defined. For the soil at the perimeter of the asphalt pad and the substrate soil that
will be exposed following waste retrieval where no asphalt pad is present in the
218-W-4B Burial Ground trenches, these definitions have been provided as outputs of
steps in the DQO process (D&D-23104, Data Quality Objectives Summary Report for the
218- W-4B Burial Ground Contaminant Release Investigation).

. No measurement misclassification errors occur (i.e., no errors are made in deciding when
a hot spot has been detected).

. The grid spacing calculations will be applied only to the trench floor locations around the
asphalt pad in Trench T-07 and the exposed trench floor in Trench T-I I where
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retrievably stored TRU' waste will be exhumed and to accessible locations in the
substrate soil following waste retrieval.

A1.2 GRID SPACING

The grid spacing required to find a hot spot of a prescribed size and shape with specified
confidence may be determined from the following procedure.

1. Specify L, the length of the semimajor axis of the smallest hot spot important to detect.
L is one half the length of the long axis of the ellipse.

2. Specify the expected shape, S, of the elliptical target, where

S = length of short axis of the ellipse
length of long axis of the ellipse Equation A-I

Note that 0 <S< I and that S = 1 for a circle. If S is not known in advance,
a conservative approach is to assume a rather skinny elliptical shape, perhaps S= 0.5, to
give a smaller spacing between grid points than if a circular or "fatter" ellipse is assumed
(i.e., sample on a finer grid to compensate for lack of knowledge about the target shape).

3. Specify an acceptable probability, P, of not finding the hot spot. The value p is known as
the "consumer's risk." To illustrate, a probability of 20 percent (P = 0.20) (1 chance in 5)
of not finding a hot spot may be acceptable for a small hot spot (e.g., one for which
L = 5 cm). However, for a larger hot spot (e.g., one for which L = 5 m), a probability of
10 percent (0 = 0.10) (1 chance in 10) of not finding a hot spot may be required.

4. Use Figure A-I for a square grid. This nomograph gives the relationship between p and
the ratio LIG, where G is the spacing between grid lines. Using the curve corresponding
to the shape, S, of interest, find LIG on the horizontal axis that corresponds to the
prespecified 0. Then solve LIG for G, the required grid spacing.

5. The total number of grid points (sampling locations) then can be found because the
dimensions of the land area to be sampled are known.

'Transuranic waste materials contaminated with more than 100 nCi/g of transuranic materials having half-lives
longer than 20 years.
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Figure A-I. Curves Relating LIG to Consumer's Risk, I, for Different Target Shapes when Sampling is
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This procedure is used to establish a square grid pattern in which samples are collected at the
four nodes where the grid lines intersect. The square grid pattern is relevant to a
two-dimensional land surface. This procedure was applied for sampling the soil vapor around
the perimeter of the asphalt pad and the soil vapor in the exposed trench floor where no asphalt
pad is present following waste retrieval. To identify the location of sample points in the square
grid pattern, the location of the first sampling point (i.e., grid node) is chosen randomly, and the
rest of the grid is established with lines parallel to the boundaries of the trench or asphalt pad.

Because the square grid pattern is relevant to a two-dimensional land surface, this procedure had
to be adapted for sampling the soils along the edges of the asphalt pads, which will involve
collecting samples along a one-dimensional land surface. That is, samples will be collected at
intervals along a line rather than at the nodes defined by the intersection of square-shaped grid
lines. Use of a linear sampling design is based on the assumption that contaminants that have
leaked from containers would have moved with condensation as rivulets to the edge of the pad,
where the condensation soaked into the adjacent soils. To identify the linear grid pattern, the
square grid pattern is established with the edge of the asphalt assumed to be a line that bisects the
grid. As a result, samples are collected on what is effectively only two of the four grid nodes of
the square (i.e., samples are collected along a line established on one side of the edge of the
asphalt).

A1.3 11OT-SPOT SIZE

The length of the semimajor axis of the ellipse (i.e., the size of the hot spot) must be defined.
The method used to detect the possible presence of a hot spot will be collection of soil vapors at
depths of 1.8 in (6 fi) and 3.7 m (12 fl) and radiation surveys of the retrieved sampling
equipment. If hot spots are detected, subsequent soil samples may be collected to represent the
first 15.2 cm (6 in.) of soil in contact with buried waste. Because the sampling grid used will be
augmented by sampling points related to visual observations of the asphalt pad and substrate soil,
a rather large hot spot size can be selected. For this effort, the distance of the semimajor axis of
the ellipse of interest, L, will be assumed to be 5 in (16 fi). If it is assumed that the shape of
interest, S, is 0.8 (i.e., the contaminants of concern have moved only slightly further in one
direction from the point at which the hot spot emanates than in any other direction), and the
acceptable probability of not finding a hot spot, which correlates to a false positive decision
error, is 10 percent (this is a consumer's risk, P, of 0.1), the value of UG determined using the
nomograph is 0.627.

Using the value for LIG of 0.627, the grid spacing, G, can be resolved as follows:

G = 16feet = 25.518fect Equation A-2
0.627

Using this sampling design will require collecting samples every 7.78 mn (25.518 fR).
For practical purposes, a grid spacing distance of 7.6 m (25 fl) will be used, which would
correspond to a slight decrease of the semimajor axis size of interest to 4.78 m (15.67 it). For
collection of samples along the perimeter of the asphalt pad, sample collection will be conducted
starting at a randomly chosen location within the first 8 linear in (25 linear ft) of the corner of the
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asphalt surface, then once every 7.6 m (25 ft) along the edge of the asphalt. In Trench T-I 1,
where no asphalt pad is present, the shape of the trench bottom following waste retrieval is
expected to consist of sloping sides and a relatively flat bottom. Because detection of residual
contamination resulting from leaking waste containers is most likely in the lowest elevations of
the trench bottom, the sampling grid will be applied only to the bottom of the trench and not to
the sloped sides. Therefore, sample collection will be conducted starting at a randomly chosen
location within a 7.6 m (25-f4) arc from the southwest corner of the relatively flat bottom of the
empty 218-W-4B Burial Ground trench, then once at the nodes of a grid placed parallel to the
trench sides every 7.6 m (25 fl) apart. If burial ground contaminants of concern are detected in
soil vapor or beta-gamma radiation surveys at any of the sample collection locations, soil
samples may be collected, or decisions about how to move forward will be determined, in
accordance with the cleanup processes set forth in the Resource Conservation and Recovery Act
of 1976 and'or the Comprehensive Environmental Response, Compensation, and Recovery Act of
1980.

A2.0 REFERENCES

Comprehensive Environmental Response, Compensation, and Liability Act of 1980,
42 USC 9601, et seq.

D&D-23104, 2006 (anticipated), Data Quality Objectives Summary Report for the
218- -4B Burial Ground Contaminant Release Investigation, Rev. 0, Fluor Hanford,
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APPENDIX B

CROSS-REFERENCE BETWEEN TIlE U.S. ENVIRONMENTAL PROTECTION
AGENCY QUALITY ASSURANCE PROJECT PLAN AND FIELD SAMPLING

PLAN REQUIREMENTS AND TIE 218-W-4B BURIAL GROUND
SAMPLING AND ANALYSIS PLAN

In 1988, the U.S. Environmental Protection Agency (EPA) published EPA/540/G-89/004,
Guidancefor Conducting Remedial Investigations andi Feasibility Studies under CERCLA.
Interim Final. This document stated that a sampling and analysis plan consists of two separate
documents: a field sampling plan and a quality assurance project plan (QAPP).' In 2001, the
EPA published EPA/240/B-01/003, EPA Requirementsfor Quality Assurance Project Plans,
EPA QA/R-5, and in 2002 the EPA published EPA/240/R-02/009, EPA Guidancefor Quality
Assurance Project Plans, EPA QA/G-5. These recent documents expand on the guidance
provided in the 1988 EPA guidance document (EPA/540/G-89/004). Most notably, the 2001 and
2002 documents take the elements defined in the 1988 guidance document, which required both
a field sampling plan and a QAPP, and combine them into one document. Thus, the EPA's 2001
and 2002 direction implies that only a single document is required for each sampling and
analysis activity. To alleviate confusion between the old and new nomenclature, this sampling
and analysis plan, along with the accompanying data quality objectives (DQO) summary report
for this activity, includes all the elements required in a QAPP and in a field sampling plan,
regardless of which EPA guidance is followed. To demonstrate this compliance and to aid
readers in locating specific information of interest, a cross-reference between the EPA 1988
guidance document (EPA/540/G-89/004), the EPA 2001 requirements document
(EPA/240/B-01/003), the EPA 2002 guidance document (EPA/240/R-02/009), and the DQO
summary report (D&D-23104, Data Quality Objectives Summary Report for the
218-W-4B Burial Ground Contaminant Release Investigation) and the sampling and analysis
plan prepared for this activity is provided in Table B-1.

'In this sampling and analysis plan, the quality assurance project plan is referred to as the QAPjP. In the referenced
EPA documents, however, the term quality assurance project plan is referred to as the QAPP. In this appendix, the
acronym QAPP is retained when referring to the quality assurance project plan described in EPA documents.
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Table B-1. Comparison of Quality Assurance Project Plan Elements in EPA/240/B-01/003 and
EPA/240/R-02/009 to EPA/540/G-89/004 and to D&D-23104 and this Sampling and

Analysis Plan. (3 Pages)

QAPP Elements from QAPP Elements from Applicable Sections from
EPA40/-1/003 and EPA/540/G-89/004 D&D-23104 and/or this SAP

A Project Management . - -

Al Title and Approval Sheet Title Page SAP Title and Approval Sheet

A2 Table of Contents Table of Contents SAP Table of Contents in
Hanford Document Control
Format

A3 Distribution List NA SAP Distribution

A4 ProjectrFask Organization 2. Project Organization and DQO Data Quality Objective
Responsibilities 1.6 Team Members and Key

Decision Makers

AS Problem 1. Project Description DQO
Definition/Background 1.0 Step I - State The Problem

SAP
1.1 Background
1.2 Contaminants of Concern
1.3.1 Statement of the Problem

A6 Project/Task Description 1. Project Description DQO
1.0 Step I - State The Problem

SAP
1.0 Introduction

A7 Quality Objectives and 3. Quality Assurance Objectives SAP
Criteria for Measurement 1.3 Data Quality Objectives

2.1 Analytical Performance
Requirements

A8 Special Training NA NA
Requirements/Certification I I

A9 Documents and Records NA SAP
2.5 Data Management

B Measurement/Data Acquisition

B11 Sampling Process Designs NA SAP
(Experimental Designs) 3.1 Sampling Objectives

B2 Sampling Methods 4. Sampling Procedures SAP
3.1 Sampling Objectives

B3 Sample Handling and Custody 5. Sample Custody SAP
2.9.2 Sample Identification
2.9.4 Sample Custody

2.9.5 Sample Containers

14 Analytical Methods 7. Analytical Procedures SAP
2.1 Analytical Performance

Requirements
2.2 Field Quality Control
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Table B-1. Comparison of Quality Assurance Project Plan Elements in EPA/240/B-01/003 and
EPA/240/R-02/009 to EPA/540/G-89/004 and to D&D-23104 and this Sampling and

Analysis Plan. (3 Pages)

QAPP Elements from QAPP Elements from Applicable Sections from
EPA240/-01003 and EPA/540/G-89/004 D&D-23104 and/or this SAP

B5 Quality Control 9. Internal Quality Control SAP
2.2 Field Quality Control

B6 Instrument/Equipment 6. Calibration Procedures SAP
Testing, Inspection, and 11. Preventive Maintenance 2.1 Analytical Performance
Maintenance Requirements

SAP
2.4 On-Site Measurements

Quality Control

B7 Instrument/Equipment 7. Analytical Procedures SAP
Calibration and Frequency 9. Internal Quality Control 2.1 Analytical Performance

Requirements
SAP
2.4 On-Site Measurements

Quality Control

B8 Inspection/Acceptance of 9. Internal Quality Control SAP
Supplies and Consumables 2.9.6 Inspection/Acceptance

Requirements for Supplies
and Consumables

B9 Non-Direct Measurements 12. Data Assessment Procedures DQO
Table Existing Documents and
1-5 Data Sources for the

218-W-4B Burial Ground

3.3 Computational and Survey
and Analytical Methods

B10 Data Management 8. Data Reduction, Validation, SAP
and Reporting 2.5 Data Management

C Assessment/Oversight

Cl Assessments and Response 10. Performance and System SAP
Actions Audits 2.8.1 System and Performance

Assessments
13. Corrective Actions SAP

2.8.2 Corrective Actions
C2 Reports to Management 14. Quality Assurance Reports SAP

2.8.3 Reports to Management

D Data Validation and Usability

DI Data Review, Verification, 8. Data Reduction, Validation, SAP
and Validation and Reporting 2.6 Validation and Verification

12. Data Assessment Procedures Requirements

D2 Verification and Validation 12. Data Assessment Procedures SAP
Methods 2.6 Validation and Verification

Requirements

D3 Reconciliation with User 12. Data Assessment Procedures SAP
Requirements 2.7 Data Quality Assessment
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Table B-1. Comparison of Quality Assurance Project Plan Elements in EPA/240/B-01/003 and
EPA/240/R-02/009 to EPA/540/G-89/004 and to D&D-23104 and this Sampling and

Analysis Plan. (3 Pages)

QAPP Elements from QAPP Elements from Applicable Sections from
EPAI240/B-1/003 and EPA/540/G-89/004 D&D-23104 and/or this SAP

EPA/24O/R-02/009II
DQO - data quality objectives (document). QAPP - quality assurance project plan.
NA - not applicable. SAP = sampling and analysis plan.

REFERENCES

D&D-23104, 2006 (anticipated), Data Quality Objectives Summary Report for the
218- -4B Burial Ground Contaminant Release Investigation, Rev. 0, Fluor Hanford,
Inc., Richland, Washington.

EPA/240/B-0 1/003, 2001, EPA Requirements for Quality Assurance Project Plans,
EPA QA/R-5, U.S. Environmental Protection Agency, Office of Environmental
Information, Washington, D.C.

EPA/240/R-02/009, 2002, EPA Guidancefor Quality Assurance Project Plans, EPA QA/G-5,
U.S. Environmental Protection Agency, Office of Research and Development,
Washington, D.C.

EPA/540/G-89/004, 1989, Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA, Interim Final, U.S. Environmental Protection Agency, Office of
Emergency and Remedial Response, Washington, D.C.

B-4



DOE/RL-2004-70 REV 0

DISTRIBUTION

Onsite

6 U.S. Department of Energy
Richland Operations Office

M. S. French A6-38
M. S. McCormick A5-11
J. M. Silko A6-38
G. L. Siton A6-38
A. C. Tortoso A6-38
DOE Public Reading Room 112-53

8 Fluor Hanford, Inc.

G. T. Berlin E6-35
M. A. Cahill T4-04
B. H. Ford E6-35
L. L. Fritz 18-12
J. E. Hyatt 118-40
V. J. Rohay E6-35
D. G. Saueressig T4-04
M. E. Todd-Robertson E6-35

Pacific Northwest National Laboratory

Hanford Technical Library P8-55

2 Lockheed Martin Information Technologv

Document Clearance H6-08
Tri-Party Agreement
Administrative Record H6-08

Distr-1



DOE/RL-2004-70 REV 0

This page intentionally left blank.

Distr-2



DOE/RL-2004-71
Revision 0

218-W-3A Burial
and Analysis Pla

Prepared
Assistant

for the U.S. Department of Energy
Secretary for Environmental Management

@ United States
Department of Energy
RO. Box 550
Richland, Washington 99352

Approved for Public Release;
Further Disseminadon Unlimited

Ground Sampling



DOE/RL-2004-71
Revision 0

TRADEMARK DISCLAIMER
Reference herein to any specific commercial product. process,
or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof or Its contractors or
subcontractors.

This report has been reproduced from the best available copy.
Available In paper copy.

Pinted , Ow. ned SslalS of AMn



DOEIRL-2004-71
Revision 0

218-W-3A Burial Ground Sampling
and Analysis Plan

Date Published
May 2006

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

United States
Department of Energy

~a P.O. Box 550
Richland, Washington 99352

elease Approval

Approved for Public Release;
Further Dissemination Unlimited

4 )A re4
Dale /



DOE/RL-2004-71 REV 0

This page intentionally left blank.

ii



DOE/RL-2004-71 REV 0

CONTENTS

1.0 INTRODUCTION ...............................................................-.. -........ .... -------------- 1-1
1.1 BACKGROUND ..............................................................----------- ......... .-.---- 1-1
1.2 CONTAMINANTS OF CONCERN...........................1-8
1.3 DATAQUALITYOBJECTIVES...................................................................1-11

1.3.1 Statement of the Problem.......................................................... 1-11
1.3.2 Decision Rules ................................... 1-11
1.3.3 Error Tolerance and Decision Consequences ........................................ 1-12
1.3.4 Sample Design Summary....................................................................... 1-14

2.0 QUALITY ASSURANCE PROJECT PLAN...............................................................2-1
2.1 ANALYTICAL PERFORMANCE REQUIREMENTS.....................................2-2
2.2 FIELD QUALITY CONTROL............................................................................2-2

2.2.1 Duplicates .................................................................. 2-2
2.2.2 Field Splits ............................................................................................... 2-3
2.2.3 Equipment Blanks....................................................................................2-3
2.2.4 Trip Blanks...................................................................2-4

2.3 SAMPLE PRESERVATION, CONTAINERS, AND HOLDING TIMES.......2-10
2.4 ONSITE MEASUREMENTS QUALITY CONTROL.....................................2-12
2.5 DATA MANAGEMENT...................................................................................2-12
2.6 VALIDATION AND VERIFICATION REQUIREMENT .............................. 2-12
2.7 DATA QUALITY ASSESSMENT ................................................................... 2-12
2.8 SYSTEM AND PERFORMANCE ASSESSMENTS, FREQUENCY,

AND CORRECTIVE ACTIONS ...................................................................... 2-13
2.8.1 System and Performance Assessments..................................................2-13
2.8.2 Corrective Action................................................................... .......... 2-13
2.8.3 Reports to Management..................................................................2-14

2.9 TECHNICAL SPECIFICATIONS....................................................................2-15
2.9.1 Sample Location .................................. 2-15
2.9.2 Sample Identification.............................................................................2-15
2.9.3 Field Sampling Log.................................................................... 2-15
2.9.4 Sample Custody........................................................................2-16
2.9.5 Sample Containers ........................................................................ 2-16
2.9.6 Inspection/Acceptance Requirements for Supplies and

Consumables............................................................... .. 2-16

3.0 FIELD SAMPLING PLAN ...................................... 3-1
3.1 SAMPLING OBJECTIVES......................................................... .....3-1

3.1.1 Step I......................................................... ... 3-1
3.1.2 Step11.....................................................3-2
3.1.3 Step III ......................................... ........- .......... 3-3

3.2 FIELD MEASUREMENTS.................................................................................3-3
3.2.1 Step l and Step II Sampling Design Features .......................................... 3-8
3.2.2 Step III Sampling Design Features ........................................................ 3-11
3.2.3 Vapor and Radionuclide Survey Requirements.....................................3-12
3.2.4 General Soil Vapor Sampling Requirements.........................................3-12

iii



DOE/RL-2004-71 REV 0

3.2.5 Soil Sampling Requirements.................................................................. 3-13
3.2.6 Potential Sample Design Limitations..................................................... 3-13
3.2.7 Visual Observations ............................................................................... 3-13
3.2.8 Waste Management Sampling ............................................................... 3-13
3.2.9 Supplemental Sampling for Other Projects............................................ 3-14

3.3 POSITIONAL SURVEYING............................................................................ 3-14

4.0 HEALTH AND SAFETY........................................................................... 4-1

5.0 MANAGEMENT OF CHARACTERIZATION-GENERATED WASTE.....................5-1

6.0 REFERENCES....................................................................................6-1

APPENDICES

A SAMPLING DESIGN FOR THE IDENTIFICATION OF HOT SPOTS DURING
SOIL-VAPOR SURVEYS AND SUBSTRATE SOIL SAMPLING.............................. A-i

B CROSS-REFERENCE BETWEEN THE U.S. ENVIRONMENTAL
PROTECTION AGENCY QUALITY ASSURANCE PROJECT PLAN AND
FIELD SAMPLING PLAN REQUIREMENTS AND THE 218-W-3A BURIAL
GROUND SAMPLING AND ANALYSIS PLAN......................................................... B-i

FIGURES

Figure 1-1. Locations of the 200 West Area on the Hanford Site and the 218-W-
3A Burial Ground in the 200 West Area..................................................................1-3

Figure 1-2. Location of Retrievably Stored Waste in the 218-W-3A Burial Ground.................1-4

Figure 1-3.

Figure 3-1.

Figure 3-2.

Drum Configuration of Retrievably Stored Waste in the 218-W-3A Burial
Ground Trenches from 1970 to 1974.......................................................................1-5

Summary of Sampling Locations for Soil-Vapor Sampling and Radiation
Surveys in Vadose Zone and/or Substrate Soil........................................................3-4

Random Sampling Design for Soil-Vapor Sampling and Radiation Surveys
in Vadose Zone and/or Substrate Soil......................................................................3-5

Figure 3-3. Typical Burial Ground Trench Configuration with Associated Vent Risers......3-9

0
iv



DOERL-2004-71 REV 0

TABLES

Table 1-1. Estimated Number of Containers, Sorted by Dose Rate, From the 218-W-3A
Burial Ground........................................................................................................1-7

Table 1-2. Summary of the 218-W-3A Burial Ground Containers. ........................................... 1-7

Table 1-3. Contaminants of Concern (Volatile Organic Compounds) for Vent Riser
Vapor Sampling and Vadose Zone Soil-Vapor Sampling....................................1-9

Table 1-4. Contaminants of Concern for Trench Floor Organic Vapor
Monitoring/Radionuclide Surveys. ........................................................................ 1-10

Table 1-5. Contaminants of Concern for Substrate Soil Sampling...........................................1-10

Table 1-6. Decision Rules.........................................................................................................1-12

Table 2-1. Analytical Performance Requirements for Vapor and Soil-Vapor Samples.............2-5

Table 2-2. Analytical Performance Requirements for Soil Samples..........................................2-7

Table 2-3. Vapor Sample Preservation, Container, and Holding Time Guidelines for
Field Screening.......................................................................................................2-10

Table 2-4. Vapor Sample Preservation, Container, and Holding Time Guidelines for
Laboratory Analyses...............................................................................................2-10

Table 2-5. Soil Sample Preservation, Container, and Holding Time Guidelines for
Laboratory Analysis...............................................................................................2-11

Table 3-1. 218-W-3A Burial Ground Sampling Design.............................................................3-6

v



DOE/RL-2004-71 REV 0

TERMS

AEA
aG
bgs
CERCLA

vi

CLARC
COC
CPT
CVAA
dpm
DQA
DQO
DR
EPA
GC/MS
G
GEA
GPC
GW
HEIS
HEPA
ICP
LSC
MS
N/A
OVM
P
PA
PVC
QAPjP
QC
RCRA
RSW
SAP
SVOC
SWITS
TBC
TBD
Tri-Party
TRU

alpha energy analysis
amber glass
below ground surface
Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 -
cleanup levels and risk calculations
contaminant of concern
cone penetrometer
cold vapor atomic absorption
disintegrations per minute
data quality assessment
data quality objective
decision rule
U.S. Environmental Protection Agency
gas chromatograph/mass spectrometer
glass
gamma energy analysis
gas proportional counting
groundwater
Hanford Environmental Information System
high-efficiency particulate air (filter)
inductively coupled plasma
liquid scintillation counting
mass spectrometry
not applicable
organic vapor monitor
plastic
performance assessment
polyvinyl chloride
quality assurance project plan
quality control
Resource Conservation and Recovery Act of 1976
retrievably stored waste
sampling and analysis plan
semivolatile organic compound
Solid Waste Information and Tracking System
to be considered
to be determined
Hanford Federal Facility Agreement and Consent Order
waste materials contaminated with more than 100 nCi/g of
transuranic materials having half-lives longer than 20 years
volatile organic compound
Waste Information Data System

Agreement

VOC
WIDS



DOERL-2004-71 REV 0

METRIC CONVERSION CHART

If You Know

Length

inches

inches

feet

yards

miles

Area

sq. inches

sq. feet

sq. yards

sq. miles

acres

Mass (weight)

ounces

pounds

ton

Volume

teaspoons

tablespoons

fluid ounces

cups

pints

quarts

gallons

cubic feet

cubic yards

Temperature

Fahrenheit

Radioactivity

picocuries

Into Metric Units

Multiply By

25.4

2.54

0.305
0.914

1.609

6.452

0.093

0.836

2.6

0.405

28.35

0.454

0.907

5

15

30
0.24

0.47

0.95
3.8

0.028

0.765

subtract 32,
then
multiply by
5/9

37

To Get

millimeters

centimeters

Meters

Meters

Kilometers

sq. centimeters

sq. meters

sq. meters

sq. kilometers

Hectares

Grams

Kilograms

metric ton

Milliliters

Milliliters

Milliliters

Liters
Liters

Liters

Liters

cubic meters

cubic meters

Celsius

millibecquerel

Out of Metric Units

If You Know Multiply By

Length

millimeters 0.039

centimeters 0.394

meters 3.281

meters 1.094

kilometers 0.621

Area

sq. centimeters 0.155

sq. Meters 10.76

sq. meters 1.196

sq. kilometers 0.4

hectares 2.47

Mass (weight)

grams 0.035

kilograms 2.205

metric ton 1.102

Volume

milliliters 0.033

liters 2.1

liters 1.057

liters 0.264

cubic meters 35.315

cubic meters 1.308

Temperature

Celsius multiply by
9/5, then add
32

Radioactivity

millibecquereis 0.027

vii

To Get

inches

inches

feet

yards

miles

sq. inches

sq. feet

sq. yards

sq. miles

acres

ounces

pounds

ton

fluid ounces

pints

quarts

gallons
cubic feet

cubic yards

Fahrenheit

picocuries



DOE/RL-2004-71 REV 0

This page intentionally left blank.

viii



DOE/RL-2004-71 REV 0

1.0 INTRODUCTION

This sampling and analysis plan (SAP) was developed to determine whether contaminants have
been released to the vadose zone from retrievably stored waste (RSW)' in the 218-W-3A Burial
Ground in the 200 West Area of the Hanford Site. This investigation addresses the Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement) Interim Milestone
M-91-40, Requirement 2 (Ecology et a]. 1989a).

This SAP is based on the sampling design developed during a data quality objective (DQO)
process that was conducted specifically to plan the 218-W-3A Burial Ground sampling in
response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2 (D&D-23105,
Data Quality Objectives Summary Report for the 218-W-3A Burial Ground Contaminant Release
Investigation). The results of the DQO process are summarized in Section 1.3.

The DQO process was based in part on the DQO process that was performed for the
218-W-4C Burial Ground (CP-1 6886, Data Quality Objectives Summary Report for the
218-W-4C Burial Ground Contaminant Release Investigation). Unlike the 218-W-4C Burial
Ground, no characterization data were available for the 218-W-3A Burial Ground before the
sampling design was developed.

Figure 1-1 shows the location of the 218-W-3A Burial Ground in the 200 West Area on the
Hanford Site. Figure 1-2 shows the portions of the 218-W-3A Burial Ground trenches where
RSW is stored and where this investigation is applicable.

1.1 BACKGROUND

The 218-W-3A Burial Ground is located west of the 221-T Building and north of the 218-W-3
Burial Ground. The burial ground was designed to contain 61 dry and industrial waste trenches
running in the east-west direction. Four trenches have not been dug. Seven of the trenches are
163 m (535 Il) long, 35 of the trenches are 284 m (930 fk) long, and 10 are 275 m (900 ft) long.
The remaining five trenches vary in length from 123 m (403 Rk) to 156 m (512 fi). Trench depths
range from 3.7 to 5.8 m (12 to 19 ft). The distances between trench center points are all 12.2 m'
(40 ft) and, based on this dimension, trench widths are estimated to be approximately 10.7 m
(35 ft). The burial ground is marked and radiologically posted (Waste Information Data System
Reportfor 218-W-3A, Hanford Site database).

The 218-W-3A Burial Ground is located in the Low-Level Burial Grounds Resource
Conservation and Recovery Act of 1976 (RCRA) treatment, storage, and disposal unit.
The 218-W-3A Burial Ground also is included in the Comprehensive Environmental Response,
Compensation, and Liability Act of1980 (CERCLA) 200-SW-2 Radioactive Landfills and
Dumps Group Operable Unit (DOE/RL-98-28, 200 Areas Remedial Investigation/Feasibility
Study Implementation Plan - Environmental Restoration Program).

' Retrievably stored for purposes of the Atomic Energv Act of1954.

1-1



DOE/RL-2004-71 REV 0

The 218-W-3A Burial Ground began operating in 1970 and contains approximately 100,000 m 3

(131,000 yd 3) of solid, dry industrial wastes. The volume of suspect TRU 2 waste is estimated to
be 4,100 M3 (5,363 yd3), located in the following 14 trenches: T-9S, T-6S, T-01, T-04, T-05,
T-06, T-08, T-10, T-15, T-17, T-23, T-30, T-32, and T-34 (Figure 1-2).

The 218-W-3A Burial Ground has no asphalt pads and used only earthen-bottom (potentially
gravel fill) trenches. Drums were stacked horizontally in earthen trenches from 1970 until
approximately 1974. The waste drums were "direct buried" in the ground without tarps or
plywood to separate the soil overlying the waste. Direct contact with the soil may increase the
probability that containers have corroded and might be breached. Figure 1-3 shows the drum
placement configuration used in the 218-W-3A Burial Ground from 1970 to 1974. The actual
date when tarp coverage was initiated has not been established. The coverage appears to vary
based on type of container and the storage area. After the transition period, drums were stacked
vertically and placed on plywood, and the completed module was covered with nylon tarps and
plywood before soil emplacement (WHC-EP-0225). The 218-W-3A Burial Ground received
TRU waste until 1987.

The TRU waste in Trench T-04 consists of 143 drums. The drums were disposed of from
October 1974 through January 1975, and it is unclear whether the drums were direct buried or in
modules with nylon covers.

Trench T-05 contains approximately 340 208.2 L (55-gal) drums of TRU waste that is in several
locations in the trench. All drums are expected to have been disposed of after 1975 and are
assumed to be arranged in modules with plywood and a nylon cover to protect each module.
Two 6.1 m (20-fl)-long 5.1 cm (2-in)-diameter rigid polyvinyl chloride (PVC) vent pipes were
inserted through the plastic sheeting and taped to it. These plastic vent pipes extend to the
bottom of the modules, where they meet the trench floor soil surface. The bottoms of the pipes
are cut at an approximately 45-degree angle, which is open to the drum atmosphere
(WHC-EP-0912, The History ofthe 200 Area Burial Ground Facilities).

Retrievable TRU waste in Trench T-06 consists of approximately 2,275 drums that were placed
directly in the soil without a protective cover.

Trench T-08 is recorded to have about 460 waste drums stored as TRU waste and 75 assorted
containers other than drums. Nineteen of these boxes are documented to be 1.5 x 1.5 x 1.9 m
(5.5 x 5.5 x 6.25 ft), and the other three are 1.5 x 1.5 x 1.2 m (5.5 x 5.5 x 4 ft). These boxes take
up approximately 82.3 m (270 fl) of the trench. The remainder of the trench is filled with
various sized boxes, a decontamination tank, concrete culverts from Pacific Northwest
Laboratory, and several modules of drums. The drums were disposed of after 1975 and are
assumed to be arranged in modules with plywood and a nylon cover over each module. Seven
6.1 in (20-ft)-long 5.1 cm (2-in)-diameter rigid PVC vent pipes were inserted through the plastic
sheeting and taped to it. These plastic vent pipes extend to the bottom of the modules, where
they meet the trench floor soil surface. The bottoms of the pipes are cut at an approximately
45-degree angle, which is open to the drum atmosphere (WHC-EP-0912).

2Transuranic (waste materials contaminated with more than 100 nCi/g of transuranic materials having half-lives
longer than 20 years)
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Figure 1-1. Locations of the 200 West Area on the Hanford Site and the 218-W-3A Burial
Ground in the 200 West Area.
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Figure 1-3. Drum Configuration of Retrievably Stored Waste in the 21 8-W-3A Burial Ground
Trenches from 1970 to 1974.

(from WHC-EP-091 2 The History of the 200 Area Burial Ground Taciliries).
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Trench T-17 contains only boxed waste totaling approximately 112 boxes. About 60 of the
boxes are fiberglass-reinforced plywood boxes in various sizes.

Retrievably stored TRU waste in Trench T-23 consists of approximately six 208.2 L (55-gal)
drums, seven plywood boxes, and one Hanford Site standard carton. This waste is located in
several areas of the trench among the low-level waste. Trench T-30 contains about 30 208.2 L

(55-gal) drums that hold storage basin filters from the 105-KE Area, two 1.2 x 1.2 x 1.2 m
(4 x 4 x 4 fl) plywood boxes, and boxed or wrapped reactor debris with activation product from
the 105-N Reactor. These wastes are spread throughout the trench in eight different locations.
Trenches T-32 and T-34 also contain storage basin filters from the 105-KE Area. Trench T-32
contains two 1.2 x 1.2 x 1.2 m (4 x 4 x 4 Ri) plywood boxes, and Trench T-34 contains one
1.2 x 1.2 x 1.2 m (4 x 4 x 4 f) plywood box, three 1.2 x 1.2 x 1.5 m (4 x 4 x 5 fl) wooden boxes,
and one Hanford Site standard carton. The filters were bagged with desiccant, and the wooden
boxes are plastic lined (WHC-SD-W221-DP-00l, Phase 2Solid Waste Retrieval Trench
Characterization, and WHC-EP-0225).

This burial ground was flooded in the winter of 1979-1980, when several inches of snow on top
of solidly frozen ground quickly melted, and the associated runoff resulted in flooding. The
burial ground was covered with standing water almost continuous from the dirt road on the east
side to the asphalt road on the west side of the burial ground (WHC-EP-0912).

On January 21, 1997, a radiological control technician discovered contamination levels to
60,000 dpm beta-gamma (no alpha) per 100 cm 2 in pieces of wind-blown tumbleweed at
Trench T-26. The area in which the contamination was found is posted as an Underground
Radioactive Materials Area (Waste Information Data System Report for 218-W-3A, Hanford Site
database).

The number of containers and the estimated dose rates for remote-handled and contact-handled
waste in the 218-W-3A Burial Ground are summarized in Table 1-1. According to the Solid
Waste Information and Tracking System (SWITS), 53 containers are classified as remote
handled. Remote-handled waste, when exhumed, will require special handling that may include

time, distance, and shielding to protect workers from radiation dose. Tri-Party Agreement
Interim Milestone M-91-41 (Ecology et al. 1989a) requires that full-scale retrieval of remote-
handled RSW be initiated by 2011. Sampling will only be conducted at the locations where
CH RSW addressed by the Tri-Party Agreement Interim Milestone M-91-40 is retrieved.

Table 1-2 summarizes the contents of the 218-W-3A Burial Ground by container type. The
container types include drums, self-contained equipment, cardboard boxes, metal boxes, and
HEPA filters. HEPA filters are identified as a container type. The SWITS does not make clear
if these HEPA filters are disposed of as is or if they are inside a container.
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Table 1-1. Estimated Number of Containers, Sorted by Dose Rate, From the
218-W-3A Burial Ground.

Contact Handled / Number of % of Cumulative
Remote Handled Dose Rate (mreu/h) Containers Containers %

Contact handled 5200 3,525 98.5 98.5

Remote handled >200 to 1000 28 0.8 99.3

Remote handled > 1000 to 2000 19 0.5 99.8

Remote handled >2000 to 5000 5 0.1 100.0

Remote handled >5000 to 10000 1 <0.1 100.0

Remote handled > 10000 to 20000 0 0 100.0

Remote handled >20000 to 30000 0 0 100.0

Remote handled >30000 0 0 100.0

Totals 3,578 100.0 % -

Table 1-2. Summary of the 218-W-3A Burial Ground Containers.

Suspect TRU Container Types In 218-W-3A Trenches

Description Quantity Volume (m)

Fiberglass Reinforced Plywood Boxes 125 2,962.8
Concrete Boxes 29 114.3
Metal Cylinder, casks 12 68.5
Self-Contained Equipment 1 23.9
Fiberboard/Plastic Boxes, Cartons, Cases 3 1.3
Miscellaneous Scrap 1 1.1
Metal Boxes, Cartons, Cases 12 172.7
Wooden Boxes, Cartons, Cases 20 37.6

Trucks, Flatbeds, Compactor, Loadlugger 1 0.7
Metal Drums, Barrels, Kegs 3,361 697.6

5 gal drums 4 ( 0.06 n')

30 gal drums 78 ( 9.05 Tn')

55 gal drums 3279 (688.54 m')
EBR-II Casks 5 3.5
HEPA Filters 5 11.2

Ion Exchange Columns 1 2.2

Tanks, Portable 2 9.5
Totals 3,578 4,106.9

EBR -
HEPA -
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1.2 CONTAMINANTS OF CONCERN

Contaminants of concern (COC) for sampling and analysis at the 218-W-3A Burial Ground in

response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2
(Ecology et al. 1989a), were determined during the DQO process conducted to support
development of this SAP (D&D-23105).

For the vent riser vapor sampling and vadose zone soil-vapor sampling, the COCs will include

only volatile organic constituents. Soil-vapor monitoring and radiation screening on the surface
of the trench floor will be performed using hand-held instruments for total organic vapor
concentrations and gross beta/gamma and gross alpha activities. Substrate soil samples from the

first 15.2 cm (6 in.) of native soils will be analyzed for suites of RCRA constituents that include
metals, volatile organic compounds (VOC), and semivolatile organic compounds (SVOC) and
for a suite of CERCLA radiological constituents that are not subject to Tri-Party Agreement
Interim Milestone M-91-40, Requirement 2. Source, special nuclear, and byproduct materials, as
defined by the Atomic Energy Act of 1954, as amended, are excluded from the RCRA definition
of solid waste. Such materials at the Hanford Site are subject to management under the sole
authority of the U.S. Department of Energy, even when commingled with a hazardous
component that is subject to regulation under RCW 70.105, "Public Health and Safety,"
"Hazardous Waste Management," (the Washington State Hazardous Waste Management Act of

1976). Accordingly, any procedures, methods, data, or information provided to regulatory
agencies, that are contained in this document and that relate solely to radionuclides or to the
radioactive component of mixed waste, are for information purposes only and are outside the

scope of the regulatory agencies' authority. Radionuclides, when they are COCs, may be
regulated pursuant to CERCLA cleanup actions. The radionuclides discussed in this SAP are

regulated pursuant to the Atomic Energy Act of 1954 and CERCLA, in accordance with
responsible agency protocols.

The VOCs that will be analyzed in vent riser vapor samples and in vadose zone soil-vapor
samples using field-screening methods will depend on the availability and configuration of the
specific field-screening instrument used. The VOCs that will be analyzed in vent riser vapor
samples and in vadose zone soil-vapor samples using laboratory analytical methods will include
the full suite of VOCs identified in the laboratory test method. Vent riser vapor samples and
vadose zone soil-vapor samples collected using active soil-vapor sampling techniques for
laboratory analysis will be analyzed for VOCs using U.S. Environmental Protection Agency
(EPA) methods that can identify individual VOCs in vapor mixtures:

. Method TO-14 (EPA/600/4-89/017, Compendium ofMethodsfor the Determination of
Toxic Organic Compounds in Ambient Air)

" Method TO-15 (EPA/625/R-96/01 Ob, Compendium ofMethodsfor the Determination of
Toxic Organic Compounds in Ambient Air, Second Edition)

These methods are similar to the analytical methods used to analyze the soil-vapor samples
collected using active sampling techniques at vent risers in the 218-W-4C Burial Ground in 1996
(HNF-SD-WM-RPT-309, Report on Sampling and Analysis ofAir at Trenches 218-I-4C and
218-W-5 #31 of the Low Level Burial Grounds) and in 2003.
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To identify and quantify the metals, VOCs, and SVOCs in soil samples, full-suite analytical
methods will be used. Soil samples will be analyzed for VOCs using SW-846, Test Methodsfor
Evaluating Solid Waste: Physical/Chemical Methods, Third Edition, Method 8260B, for SVOCs
using SW-846 Method 8270C, and for metals using EPA Method 200.8 (EPA/600/R-94/1 11,
Methods for the Determination of Metals in Environmental Samples, Supplement 1) or SW-846
Method 6010B. (Comparable results for elemental mercury can be obtained using either
EPA Methods 7470/7471 (cold vapor atomic absorption) in SW-846, or EPA Method 200.8
(inductively coupled plasma/mass spectrometry). The project's target quantitation limits will
determine the methodology used for mercury analysis.) Tentatively identified compounds
(i.e., organic constituents that are not contained in the calibration standards used for these
analyses) also will be qualitatively identified by the full-suite analyses for VOCs and SVOCs and
will be reported for evaluation. Soil samples will be analyzed for radionuclides by the
appropriate laboratory methods used for individual isotopes and classes of radionuclides of
concern.

The COCs for vent riser vapor samples, vadose zone soil-vapor samples, trench floor surveys,
and soil samples are listed in Tables 1-3 through 1-5, respectively.

Table 1-3. Contaminants of Concern (Volatile Organic Compounds) for Vent Riser Vapor
Sampling and Vadose Zone Soil-Vapor Sampling.

Volatile Organic Compounds .

Field screening for
carbon tetrachloride and chloroform using the Innova' multigas analyzer and/or for acetone,
ammonia, benzene, n-butyl alcohol, carbon dioxide, carbon disulfide, carbon tetrachloride,
chlorobenzene, chloroform, p-dichlorobenzene, 1,1-dichloroethane, 1,2-dichloroethene, ethyl
benzene, ethyl chloride (chloroethane), ethylene dichloride (1,2-dichloroethane), methane,
methyl chloride (chloromethane), methyl chloroform (1,1,1-trichloroethane), methyl ethyl
ketone (2-butanone), methyl isobutyl ketone (4-methyl-2-pentanone), methylene chloride,
tetrachloroethene, styrene, toluene, 1,1,2-trichloroethane, 1,1,2,2-tetrachloroethane,
trichloroethene, vinyl chloride, vinylidene chloride (1,1-dichloroethene), and xylene using the
MIRAN SapphIRe Ambient Ai- Analyze? (MILAN analyzer).

The VOCs listed for each field screening instrument are those for which that instrument is
calibrated. The MIRAN analyzer has two operational modes. In one mode, the MIRAN
analyzer can be used to scan for each of these compounds, but only one compound at a time in
each run and without compensation for any potential cross-interference from other compounds.
In the other mode, the MIRAN analyzer can be used to identify, in one run, up to five
compounds from this list that best match the frequency spectrum of the sample.

Laboratory analysis for a full suite of VOCs using EPA Method TO-14 (EPA/600/4-89/017) or
EPA Method TO-15 (EPA/625/R-96/010b).
'Innova is a trademark of Innova AirTech Instruments A/S, Ballerup, Denmark.
h MIRAN and the SapphiRe Ambient Air Analyzer are registered trademarks of Thermo Electron Corporation,

Franklin, Massachusetts.
EPAf600/4-89/017, Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient A ir
EPA/6251R-96/010b, Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient

Air, Second Edition
EPA - U.S. Environmental Protection Agency. VOC - volatile organic compound.
GC/MS - gas chromatography/mass spectrometry.
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Table 1-4. Contaminants of Concern for Trench Floor Organic Vapor
Monitoring/Radionuclide Surveys.

Volatile Organic Compounds

Surveys using hand-held monitoring devices (e.g., organic vapor monitoring) that detect total organic
vapor concentrations.

Radionuclides

Surveys using hand-held monitoring devices that detect gross gamma/beta and gross alpha activities.

Table 1-5. Contaminants of Concern for Substrate Soil Sampling.

Metals

Laboratory analysis for full suite of metals using inductively coupled plasma (SW-846 Method 6010B or
EPA Method 200.8) and for mercury (SW-846 Method 7471A or EPA Method 200.8').

Volatile Organic Compounds

Laboratory analysis for full suite of VOCs using GC/MS (SW-846 Method 8260B).

Senivolatile Oiganle Compounds,., .

Laboratory analysis for full suite of SVOCs using GC/MS (SW-846 Method 8270C).

Laonuciides ..-

Laboratory analyses for a target list of radionuclides consisting of isotopic americium (AEA), isotopic

plutonium (AEA), isotopic uranium (AEA), total radioactive strontium (GPC), Tc-99 (LSC),Cs-137
(GEA), Co-60 (GEA), Eu-152 (GEA), Eu-154 (GEA), Eu-l55 (GEA), and Ni-63 (LSC) using AEA,
GPC, LSC, or GEA as indicated.

£ Comparable results for elemental mercury can be obtained using either EPA Methods 747017471 (cold vapor
atomic absorption) in SW-846, or EPA Method 200.8 (inductively coupled plasma-mass spectrometry). The
project's target quantitation limits will determine the methodology used for mercury analysis.

EPA 200.8 is found in EPAI6001R-94/l 11, Methods for the Determination of Metals in Environmental Samples,
Supplement 1.

SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition.

AEA - alpha energy analysis. GPC - gas proportional counting.
EPA - U.S. Environmental Protection Agency. LSC - liquid scintillation counting.
GC/MS - gas chromatograph/mass spectrometry. SVOC = semivolatile organic compound.
GEA = gamma energy analysis. VOC = volatile organic compound.

Because of age, exposure to elements, and composition, the PVC vent risers may have degraded,
producing off-gases that contain VOCs. Degradation products might include aliphatic

hydrocarbons (straight-chain carbon and hydrogen organics such as butane and trimethyl hexane)

and polyaromatic hydrocarbons (cyclic carbon and hydrogen organics such as benzene, toluene,
and xylene). Chlorinated VOCs are not likely to off-gas from PVC resins under normal

temperature and pressure conditions. Water from precipitation that interacts with the PVC resins

is unlikely to leach VOCs into the environment. However, solvents that interact with the PVC

resins could leach chemical constituents including methyl ethyl ketone, chlorine, sulfur, heavy

metals (lead and cadmium), and additional VOCs such as polyaromatic and aliphatic

hydrocarbons.
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1.3 DATA QUALITY OBJECTIVES

The DQO process used to support the development of this SAP followed EPA/600/R-96/055,
Guidance for the Data Quality Objectives Process. The DQO process is a strategic planning
approach that provides a systematic process for defining the criteria that a data collection design
should satisfy. Using the DQO process ensures that the type, quantity, and quality of
environmental data used in decision making will be appropriate for the intended application.

This section summarizes the key outputs resulting from the implementation of the seven-step
DQO process. Additional details are included in the DQO summary report (D&D-23105).

1.3.1 Statement of the Problem

To assess whether contaminant releases to the environment have occurred from the RSW that
will be retrieved from the 218-W-3A Burial Ground, data regarding concentrations of burial
ground COCs in the substrate soils are needed, in accordance with the Tri-Party Agreement
Interim Milestone M-91-40, Requirement 2 (Ecology et al. 1989a).

1.3.2 Decision Rules

Decision rules (DR) are developed from consideration of the principal study questions, decision
statements, remedial-action alternatives, data needs, COC action levels, analytical requirements,
and scale of the decisions. Decision rules are structured as "IF.. .THEN" statements that indicate
that the action that will be taken when a prescribed condition is met. Decision rules incorporate
the following:

. Population parameter of interest (e.g., the population mean concentration)

* The statistic that will be used to estimate the population parameter of interest
(e.g., the sample mean as estimated by the 95 percent upper confidence limit of
the sample distribution)

. The scale of the decision (e.g., location)

. The preliminary action level(s) (e.g., COC concentration above which a specific action
will be taken)

. The resulting actions.

The decision rules developed during the DQO process for sampling at the 21 8-W-3A Burial
Ground in response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2,
support decision-making for the 218-W-3A Burial Ground (D&D-23105). The decision rules are
summarized in Table 1-6.
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Table 1-6. Decision Rules. (2 Pages)

DR Decision Rule

If the VOC vapor concentrations measured in samples collected from the vent risers in
the RSW trenches in the 218-W-3A Burial Ground are greater than the compound-

specific detection limits ' for the analytical equipment, then add the detected VOCs to
the COC list for sampled trenches and use the detected or maximum detected
concentrations to identify the locations for subsequent trench floor surveys; otherwise
do not add to the COC list or identify survey locations.

If the trench floor beneath the RSW has visual indications of staining from contact
with organic solvents, and/or the detected VOC vapor concentrations on the trench
floor surface are greater than the compound-specific detection limits ' for the

analytical equipment, and/or the detected radiological activity on the trench floor is

2 greater than the background radiation detected by the field detector, then use the hot-
spot locations to guide substrate soil characterization beneath the surface of the trench
floor; otherwise, hot-spot locations are not available to guide substrate soil
characterization.

If the VOC soil-vapor concentrations in the vadose zone soil underlying the trench
floor are greater than the compound-specific detection limits ' for the analytical
equipment, and/or the detected radiological activity on sampling equipment removed

3 from the subsurface during this vadose zone soil-vapor sampling is greater than the
background radiation detected by the field detector, then use those locations to guide
substrate soil characterization; otherwise, hot-spot locations are not available to guide
substrate soil characterization.

If the detected chemical or radiological constituent concentrations in the substrate
soils beneath the trench floor are greater than the action levels defined in Table 2-2,
then decision makers will evaluate the need for additional characterization deeper in

4 the vadose zone through the cleanup processes set forth in RCRA and/or CERCLA
and will add the identified COCs to the conceptual distribution model; otherwise,
decision makers will evaluate the data and decide against additional characterization

deeper in the vadose zone and adding COCs to the conceptual distribution model.

'Compound-specific detection limits per Tables 2-1 and 2-2 in this sampling and analysis plan.
CERCLA - Comprehensive Environmental Response, Compensation and Liability Act of 1980.
COC - contaminant of concern.
DR = decision rule.
RCRA = Resource Conservation and Recovery Act of 1976.
RSW = retrievably stored waste.
VOC - volatile organic compound.

1.3.3 Error Tolerance and Decision Consequences

Because analytical data only can estimate the true condition of the site under investigation,
decisions that are made based on measurement data potentially could be in error
(i.e., decision error). For sampling designs that are statistically based, statistical methods
normally used to quantify uncertainty can be used to probabilistically determine decision errors.
For sampling designs that are nonstatistically based (i.e., judgmental), uncertainty is evaluated
qualitatively to estimate decision error.
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The charter for the characterization in this study is Tri-Party Agreement Interim Milestone
M-91-40, Requirement 2 (Ecology et al. 1989a). The directive in the milestone includes initial
sampling through vent risers in the burial grounds before waste retrieval. Vent riser sampling
will be performed in the 218-W-3A Burial Ground as it was in the 218-W-4C Burial Ground
(i.e., in trenches where records indicate the presence of RSW and vent risers are present, intact,
and accessible). The vent-riser locations are an artifact of the burial ground design and were not
determined by a statistical sampling design. Therefore, the sampling design for vapor sampling
through vent risers is nonstatistical. The uncertainty associated with the decisions to be made
based on determining whether the vapors in the vent risers are contaminated with VOCs is
considered to be relatively low. Because many organic vapors are denser than air, sampling
from the bottom of the vent riser near the base of the trench will sample from the area most
likely to contain contaminated vapors.

A focused sampling approach will be used to guide selection of locations for vadose zone soil-
vapor sampling and soil sampling in the substrate soils following waste retrieval.
Sampling locations will be based on the following:

0 Results of the vent riser vapor sampling conducted before waste retrieval

. Visual observations of the trench floor for indications of discoloration, staining, or
bleaching that could be caused by leakage of organic solvents or other liquid waste from
drums

. Organic monitoring and radiological surveys conducted on the trench floor and during
sample collection activities

. Results of previous soil-vapor sampling.

The uncertainty associated with the decisions to be made based on determining whether the
substrate soils are contaminated is considered to be relatively low. The uncertainty associated
with missing a hot spot is quantified in the statistically based hot-spot sampling design
(Appendix A). That, coupled with collecting additional samples at biased locations based on
visual observations, conducting surveys of the soil-vapor on the trench floor and in substrate
soils, and conducting radiological surveys during sample collection, further reduces the
likelihood of missing a hot spot if one is present.

The statistically based hot-spot sampling design is a form of random sampling. For the substrate
soil sampling, the size and shape of the elliptical target of interest and the chance of missing an
existing hot spot are specified. Once these specifications are made, an estimate can be made of
the grid spacing required to detect a hot spot within the desired specification. The location of the
first grid node is chosen randomly, and the grid is laid out from there. For the substrate soil
sampling, the decision makers must specify the length of the semimajor axis of the smallest hot

spot important to detect, the expected shape of the elliptical target, and an acceptable probability
of not finding the hot spot. The probability of not finding a hot spot is equivalent to the false

positive decision error (i.e., determining that no COCs are present in the soil vapor because no
hot spot was found, when a hot spot actually exists). If a statistically based sampling design is
implemented for substrate and/or vadose zone characterization, the proposed length of the
semimajor axis is 5 m (16 ft), the proposed shape of the elliptical target is an ellipse with a
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major-axis-to-minor-axis ratio of 1:0.8, and the proposed acceptable probability of not finding a
hot spot is 10 percent. To provide this level of certainty, a sample spacing of 7.6 m (25 ft)
is needed.

1.3.4 Sample Design Summary

This summary provides the basis for the sampling design. The details of the sampling design are
presented in Chapter 3.0.

The sampling design presented in this SAP was developed during the DQO process
(D&D-23105) in response to the Tri-Party Agreement Interim Milestone M-91-40,
Requirement 2 (Ecology et al. 1989a). The primary elements of the sampling design,
as specified in the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2, are vapor
sampling through vent risers in the trenches before waste retrieval and characterization of the
substrate soils beneath the trenches following waste retrieval. This investigation applies only to
the retrievably stored suspect TRU waste in the trenches in the 218-W-3A Burial Ground (the
portions of the trenches indicated in Figure 1-2).

Resources in the sampling design are focused in areas with the highest potential for detecting the
burial ground COCs and moving to additional sampling in a focused manner. This calls for
a three-step sampling design. In Step I, this approach targets the vent risers in the
218-W-3A Burial Ground trenches before beginning waste retrieval operations, an activity
expected to have the lowest degree of uncertainty and the lowest cost. In Step II, the sampling
design shifts to the trench floor and vadose zone soils. Visual observations, organic vapor
monitoring, and radiological surveys will be conducted on the trench floor. These data, and the
data collected during the vent riser sampling conducted in Step I, will be evaluated to determine
if additional characterization in the vadose zone soils will be performed for VOCs in soil vapor
and radionuclides adhering to sampling equipment as it is retrieved from the subsurface. Step III
involves assessing the data collected in Step I and Step H1, potentially leading to characterization
of the substrate soils beneath the retrieved RSW.

The Step I vent riser sampling will be conducted before waste retrieval. The Step II and Step III
sampling to characterize the surface of the trench floor, vadose zone soils, and substrate soils
will be conducted when the entire RSW portion of the trench has become accessible and
sampling activities will not interfere with waste retrieval operations.

Changes to the work scope detailed in the SAP may be required because of unexpected field
conditions, new information, health and safety concerns, waste left in place, or other unforeseen
conditions. Minor changes that have no adverse effect on the technical adequacy of the job
(i.e., on the DQOs) or schedule can be made in the field with approval by the project manager or
assigned task lead and can be documented in the daily field logbook and/or field summary
reports. Changes that affect DQOs will require concurrence by the U.S. Department of Energy,
Richland Operations Office, and the lead regulatory agency and can be documented through unit
managers' meetings. Alternatively, if substantial changes are required, the SAP can be revised
with U.S. Department of Energy, Richland Operations Office, and regulator approval.
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2.0 QUALITY ASSURANCE PROJECT PLAN

The quality assurance project plan (QAPjP) establishes the quality requirements for
environmental data collection, including sampling, field measurements, and laboratory analysis.
The QAPjP complies with the requirements of the following:

* Hanford Federal Facility Agreement and Consent Order Action Plan, Sections 6.5,
"Quality Assurance" and 7.8, "Quality Assurance" (Ecology et al. 1989b), as applicable

" EPA/240/B-01/003, EPA Requirementsfor Quality Assurance Project Plans,
(EPA QA/R-5), March 2001 as revised

" SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third
Edition, as amended.

To meet the site-specific needs for the 218-W-3A Burial Ground sampling and analysis
investigation in response to the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2
(Ecology et al. 1989a), this QAPjP includes the following elements, which were developed
during the DQO process. The additional QAPjP elements required by EPA QA/R-5 are
addressed in the companion DQO summary report D&D-23105 or in other sections of this SAP.
A matrix that shows how the EPA QA/R-5 required elements are addressed is provided as
Appendix B to this SAP.

" Analytical Performance. Requirements for detection limits, precision, and accuracy are
presented in Section 2.1 .

. Field Quality Control. The frequency and type of quality control (QC) samples to be
collected are addressed in Section 2.2.

. 'Sample Preservation, Containers, and Holding Time. The requirements for the
specific test and laboratory methods are addressed in Section 2.3.

. Onsite Measurements Quality Control. The specific types of QC samples for onsite
measurements and the frequency of collection are addressed in Section 2.4.

. Data Management. The processes used to manage the data generated as a result of the
activities described in this SAP are described in Section 2.5

. Data Validation and Usability. Specific validation requirements, including the
frequency and level of validation, are addressed in Sections 2.6 and 2.7.

. System and Performance Assessments, Frequency, and Corrective Actions. The
processes for conducting system and performance assessments and corrective actions are
found in Section 2.8.

* Technical Specifications. The technical specifications relevant to sample collection
(e.g., sample containers, field documentation, etc.) are found in Section 2.9.
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2.1 ANALYTICAL PERFORMANCE
REQUIREMENTS

The applicable analytical methods and the associated requirements for detection limits, precision,
and accuracy are presented in Tables 2-1 and 2-2. The requirements for laboratory instrument
calibration and frequency are specified in the analytical methods referenced in the tables or in
statements of work provided to the laboratories before sample shipment.

2.2 FIELD QUALITY CONTROL

Field QC samples are collected to evaluate homogeneity, the potential for cross contamination,
and laboratory performance. Field QC for sampling at the 218-W-3A Burial Ground trenches
will differ depending on the type of sampling being conducted. Field QC includes collecting
duplicate, field-split, equipment-blank, and trip-blank samples.

For vent riser vapor samples and vadose zone active soil-vapor samples collected in Tedla? bags
or SUMMA 4 canisters for analysis for VOCs, field QC will require the collection of duplicate
samples and equipment-blank samples. For vent riser vapor samples and/or vadose zone active
soil-vapor samples drawn directly into the field screening instrument for analysis, field QC will
require analysis of duplicate samples.

For soil samples, field QC will require the collection of duplicate samples, field-split samples,
and equipment-blank and trip-blank samples.

2.2.1 Duplicates

For vent riser vapor samples and vadose zone soil-vapor samples collected in Tedlar bags,
duplicates are defined as samples collected with enough volume to permit two separate analyses,
performed sequentially, using the same analytical equipment. These samples will be collected to
evaluate performance of the analytical methodology by comparing two analyses of the vapor
concentration in one Tedlar bag.

For vent riser vapor samples and/or vadose zone soil-vapor samples drawn directly into the
field-screening instrument for analysis, duplicates are defined as two separate analyses,
performed sequentially, using the same analytical equipment.

At least 5 percent of the total collected vent riser vapor samples or vadose zone soil-vapor samples
will be duplicated (i.e., I field duplicate will be analyzed for every 20 samples or, at a minimum,
I duplicate per day). The duplicate samples will be designated during the field analyses. Where
feasible, duplicates will be selected after the initial sample is analyzed and shown to contain
detectable concentrations of VOCs, so that valid comparisons between the analyses can be made
(i.e., concentrations will be above the detection limit).

3 Tedlar is a registered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware.

'SUMMA is a trademark of Moletrics, Inc., Cleveland, Ohio.
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The following strategy will be used for analyzing duplicate Tedlar bag samples and duplicate
samples drawn directly into the field-screening instrument. One sample in every 20 samples will
be analyzed sequentially as a sample and then as a duplicate sample. The first sample in the
20-sample group with detectable VOCs will provide the duplicate sample for that 20-sample
group. If a second sample in the 20-sample group has a significantly higher VOC concentration,
it also may be analyzed as a duplicate sample. If the first 19 samples in the 20-sample group
have no detectable VOCs, the 20th sample will be used as the duplicate.

For vent riser vapor samples and vadose zone soil-vapor samples collected in SUMMA canisters,
duplicates are defined as independent samples collected as close as possible to the same point in
space and time, taken from the same source, stored in separate containers, and analyzed
independently (i.e., not homogenized). One duplicate sample will be collected during vapor
sampling of vent risers, and one duplicate sample will be collected during soil vapor sampling of
the vadose zone.

For soil samples, duplicates are defined in the same way as for vapor samples collected in
SUMMA canisters. Duplicate samples are useful in evaluating the degree of inhomogeneity in
the soil. One duplicate sample will be collected during soil sampling. Generally, the duplicates
should be collected from areas that are expected to have some contamination so that valid
comparisons can be made between the samples (i.e., at least some of the COCs will be above the
detection limit).

2.2.2 Field Splits

Field split samples are used to provide an estimate of the overall variability in the measurement
system (i.e., from sample collection through analysis). Field split samples will be collected for
soil samples only. One field split sample will be collected for every 20 samples. All split
samples will be retrieved from the same sample interval using the same equipment
(e.g., collected from one split spoon). Samples shall be homogenized, split into two separate
aliquots in the field, and sent to two independent laboratories. Field splits should be collected
from a zone that is contaminated. Zones of potential contamination will be determined by
evaluating data collected during Step I and Step II characterization (D&D-23105), maximizing
the potential for meaningful duplicate analysis results.

2.2.3 Equipment Blanks

Equipment blanks will be collected at the same frequency that the duplicate samples were
collected, where applicable, and will be used to verify the adequacy of sampling equipment
decontamination procedures.

A Tedlar bag might be re-used if the additional sample(s) is to be collected from the same
location and depth as the previous sample(s), and/or if no contaminants were detected in the
previous sample(s), and if the bag is in good condition. If the Tedlar bag is to be re-used, it will
be cleaned by filling and emptying it with atmospheric air a minimum of three times. The
cleaned Tedlar bags will be filled with certified clean air and analyzed to ensure that the Tedlar
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bag material is not responsible for VOC cross contamination. Equipment blanks shall be

analyzed for COCs identified for soil vapor (Table 1-3) collected in Tedlar bags.

For vent riser vapor samples and/or vadose zone soil-vapor samples that are drawn directly into
the field screening instrument (e.g., the MIRAN SapphIRe Ambient Air Analyzer 5) for analysis,
no equipment blanks are necessary.

SUMMA canisters are cleaned by the analytical laboratory. At the laboratory, cleaned SUMMA
canisters will be filled with certified clean air and analyzed for cleanliness. These cleaning batch
certification analyses will serve as equipment blanks and will be analyzed for VOCs. At least
10 percent of the cleaned, evacuated SUMMA canisters will be checked for cleanliness.

For soil samples, the equipment blanks shall consist of pure deionized water washed through
decontaminated sampling equipment and placed in containers identical to those used for actual
field samples. Equipment blanks shall be analyzed for COCs identified for soils (Table 1-3).

2.2.4 Trip Blanks

Trip blanks are prepared as a check for possible contamination originating from container
preparation methods, shipment, handling, storage, or site conditions. A trip blank will be
prepared for each batch (cooler) of soil sample containers shipped. The trip blank shall consist
of pure deionized water added to clean sample containers. These containers will be transported
to the field with the bottle sets and will be returned unopened to the laboratory. The trip blanks
will be analyzed for VOCs only.

Trip blanks are not required to accompany the SUMMA canister or Tedlar bag samples.
The SUMMA canisters will be cleaned, evacuated, and sealed using a valve before sampling,
and resealed using a valve following sampling. The Tedlar bags will be analyzed in the field,
negating the value of a trip blank. If Tedlar bags are sent to a laboratory for analysis (because
field analysis instrumentation is unavailable), the equipment blanks collected will serve the
purpose of the trip blank.

s MIRAN and the SapphIRe Ambient Air Analyzer are registered trademarks of Thenno Electron Corporation,
Franklin, Massachusetts.
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Table 2-1. Analytical Performance Requirements for Vapor and Soil-Vapor Sam ples. (2 Pages)

Taget Required
- cw PrufluduarActiou Levi - Qantitation

Coutatnoat of Couiers AbsanNY~vltclTelfooCotdetf~memTDGW - Pk (0/ VprM
'Id=stra Protecioo Vapor

Feld-Screening Measurements
Total VOCs N/A N/A N/A Organic vapor monitor' 10 ppmv +/-25 75-125
Carbon tetrachloride 56-23-5 N/A N/A Innova' analyzer I ppmv +/-25 75 - 125

56-23-5 N/A N/A MIRAN SapphiRe Ambient Air Analyzer' 0.05 +1-25 75- 125
Chloroform 67-66-3 N/A N/A Innova multigas analyzer I ppJ m +1- 25 75 -125

67-66-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.07 ppmv +/-25 75 - 125
Acetone 67-64-1 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 5 ppmv +1-25 75 - 125
Ammonia 7664-41-7 N/A N/A MIRAN SapphlRe Ambient Air Analyzer 0.7 ppmv +/-25 75-125
Benzene 71-43-2 N/A N/A MIRAN SapphIRe Ambient Air Analyzer 2 ppmv +/-25 75-125
n-butyl alcohol 71-36-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.25 +/-25 75-125
Carbon dioxide absolute 124-38-9 N/A N/A MIRAN SapphiRe Ambient Air Analyzer I pmv +/-25 75 -225

Carbon dioxide differential 124-38-9 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 1.5 +/-25 75- 125
Carbon disulfide 75-15- N/A N/A MIRAN SapphlRe Ambient Air Analyzer p +/-25 75-125
Chlorobenzene 108-90-7 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.4 ppm. +/-25 75 - 225

p-dichlorobenzene 106-46-7 N/A N/A MIRANSapphlReAmbientAirAnalyzer 0.25ppmv +/-25 75 -125
1,1-dichlorocthane 75-34-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.4ppmv +/-25 75-125
1,2-dichloroethene 540-59-0 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.6 ppmv +-25 75-225
Ethyl benzene 100-41-4 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 1.2 ppmv +/- 25 75 - 125
Ethyl chloride (Chloroethane) 75-00-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer I ppmv +/-25 75- 125
Ethylene dichloride 107-06-2 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.7 ppmv +/-25 75 - 125
(1,2-dichloroethane)
Methane 74-82-8 N/A N/A MIRAN SapphlRe Ambient Air Analyzer 1.5ppmy +/-25 75-125

Methyl chloride (Chloromethane) 74-87-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 1.7 ppmv +/-25 75- 125
Methylene chloride 75-09-2 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 4 ppmv +/- 25 75 -125

Methyl chloroform 71-55-6 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.15 ppmv +/-25 75 - 125
(1,1,1 -Trichloroethane)
Methyl ethyl ketone (2-butanone) 78-93-3 N/A N/A MIRAN SapphlRe Ambient Air Analyzer 1.6 pp m +1-25 75 - 125
Methyl isobutyl ketone 108-10-1 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.35 ppmv +/-25 75 - 125
(4-methyl-2-pentanone)
Styene 100-42-5 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.pp v +/-25 75 - 125
Tetrachloroethene 127-18-4 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.09 ppmv +/-25 75 - 125
1,1,2,2-tetrachloroethane 79-34-5 N/A N/A MIRAN SapphlRe Ambient Air Analyzer 0.25 ppmv +/-25 75 - 125
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Table 2-1. Analytical Performance Requirements for Vapor and Soil-Vapor Samples. (2 Pages)
-L-: Target Required

Prelminr cton iveQuitntitsition
Chemical -...- _ _ _ _ _Acrc

- __ _c_ LimIts Precision Accuracy
ContaminantofConcern Abstracts NameBDnlylWcalTechnology * Vapo(%) Vapor(%)Vapor CW*)Vao

Industrial i Protection - Vapor

Toluene 108-88-3 N/A N/A MIRAN SapphiRe Ambient Air Analyzer I ppmv +/-25 75-125

Trichloroethene 79-01-6 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 4 ppmv +/-25 75-125

1,1,2-trichloroethane 79-00-5 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.25 ppmv +/-25 75-125

Vinyl chloride 75-01-4 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.6 ppmv +/-25 75-125

Vinylidene chloride 75-354 N/A N/A MIRAN SapphiRe Ambient Air Analyzer 0.2 ppmv +/-25 75 - 125
(1,l-dichloroethene)
Xylene 1330-20-7 N/A N/A MIRAN SapphliRe Ambient Air Analyzer 1.3 ppmv +/-25 75-125

Laboratory Measurements

Full suite of VOCs Compound- N/A N/A Active soil-vapor analysis using Method TO-14 10 ppbv +/-25 70-130
specific (EPA 600/4-89/017) or TO-15

1_ 1 (EPA 625/R-96-010b).
*Te preliminary action levels are N/A for this study (as noted in D&D-23105).
The organic vapor monitor will include an 11.8 eV lamp. The lamp will ionize and measure compounds with lower ionization potentials, such as carbon tetruchloride (ionization potential

of 11.47 eV). Ilowever, the total concentration measured may include other volatile organic compounds with ionization potentials less than 11.8 eV.
nnova is a trademark of Innova AirTech Instruments A/S. Dallerup, Denmark.

'MIRAN and the SapphlRe Ambient Air Analyzer are registered trademarks of"Thermo Electron Corporation. Franklin, Massachusetts.
'The precision of the analyses using the MIRAN will be confirmed during calibration of the instrument.
EPA 600/4-89/017, Compendium of Methods for the Determination of Toxic Organic Compounds in Amblent Air.
EPA 625/R-96-00b, Compendium of Methodsfor the Determination of Toxic Organic Compounds in Ambient Air, Second Edition.
D&D-23105. Data Quality Objectives Summary Report for the 218-W-iA Burial Ground Contaminant Release Investigation.
GW - groundwater. ppbv - partsperbillionbyvolume. TBD - tobedetermined.
N/A - not applicable. ppmv - parts per million by volume. VOC - volatile organic compound.
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Table 2-2. Analytical Performance Requirements for Soil Samples. (3 Pages)
Prenlmary ActIet Target Required

Ctana. Quatitafio L Precislen Accuracy Precision Accuracy
Conceuns TC OW yAouTci Watet Water Water Soi sol
C emfvce Industa* P.cICm . . Coat. SOcf-OtbwCflt- (%) (%) (%) %

(pCg or (pCg . . (p er (pCig r mgkg)

FIeld-Screening Measurements - Radlonucldes*
Am-241 N/A N/A N/A PG-2 Nal detector N/A S pCi/g N/A N/A *20 80-120

Gamma-emitting N/A N/A N/A Portable Nal detector N/A 6.2 pCi/g N/A N/A *20 80-120
Radionuclides

SHP380-AB Probe 90 dpm/I00 cm2

Grossalpba N/A N/A N/A DP6DBProbe N/A 20d ( dN/A N/A 20 80-120
DP6DB~prr Poe2dm10Ocn,

(removable)
Liboratory Messurements - Radtonucldese

Americium-241 14596-10-2 22,400 TBD Americium isotopic-Am AEA 1 1 A20 80-120 &35 65-135

Cesium-137 10045-97-3 156 TBD GEA is 0.1 A20 80-120 A35 65-135

Cobalt-60 10198-40-0 32.8 TBD GEA 25 0.05 +20 80-120 &35 65-135

Europium-152 14683-23-9 78 TBD GEA 50 0.1 h20 80-120 &35 65-135

Europium-154 15585-10-I 6.8 TBD GEA 50 0.1 *20 80-120 *35 65-135

Europium-ISS 14391-16-3 2,840 TBD GEA 50 0.1 &20 80-120 *35 65-135

Nickel-63 13981-37-8 4,026 TED Nickel-63-liquid scintillation Is 30 t20 80-120 *35 65-135

Plutonium-238 13981-16-3 3,140 TED Plutonium isotopic-Pu AEA I 1 *20 80-120 *35 65-135

Plutonium-239/240 Pu-239/240 2,840 TBD Plutonium isotopic-Pu AEA 1 1 k20 80-120 +35 65-135

Strontium-90 Rad-Sr 16,060 TBD Total radioactive strontium - GPC 2 1 *20 80-120 +35 65-135

Technetium-99 14133-76-7 2,740,000 TBD Technium-99 -liquid 15 15 120 80-120 *35 65-135
TD scintillation ____ ______

Uranium-234 13966-29-5 17,760 TBD Uranium isotopic-IU AEA I 1 *20 80-120 *35 65-135

Uranium-235 15117-96.1 674 TBD Iraniumnisotopic-UAEA I I 20 80-120 *35 65-135

Uranium-238 U-238 3.360 TBD Uranium isotopic - U AEA 1 1 +20 80-120 *35 65-135
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Table 2-2. Analytical Performance Requirements for Soil Samples. (3 Pages)
Preliminary Action: -Taget Required -

ContaminaCt of ChemicalL Quatltatlon Limits Precision Accuracy Precision Accuracy
Concerinuo Abstracts TBC. GW, NamefAualytcal Technoloy Watr- Water Water Soil Sel

Service # Industrial Protection Cone. Solt-Other Cone. (%) ( %) ()(pCI/g or (pCIVg or (pClLer (pCl/germg/kg)
(P/kM or/k, (pCg /,mg)

Laboratory Measurements - Metals

Antimony 7440-36-0 1,400 5.42 EPA Method 200.8 (CPIMS) r 0.06 6 +/- 30 70 - 130 +/- 30 70-130

87.5 20 SW-846 Method 6010B (ICP) or
Arsenic 7440-38-2 EPA Method 200.8 (ICP/MS) 0.1 t0 +1-30 70-230 +1-30 70-130

245,000 923 SW846 Method 6010B (ICP) or 0.2 20 +/-30 70-130 +/-30 70- 130Barium 7440-39.3 EPA Method 200.8 (ICP) ___ ________ ____

Beryllium 7440417 7,000 63.2 -846Method 60 B (ICP) or 0.005 0.5 +/-30 70- 130 +/-30 70- 130

Cadmium 744043- 3,500 0 .8 1  EP Method 600 ( ')or 0.005 0.5 +/-30 70- 130 +/-30 70-130

Unlimted ,ODO SW-846 Method 601 OB (lCP) or
Chromium 744047-3 Uniitd 2, _ EPA Method 200.8 (ICP/MS) 0.01 1 +/-30 70-130 +/-30 70-130

Copper 7440-50-8 130,000 22' S-4ethod 601 OB (ICP) or 0.01 1 +/- 30 70 -130 +/- 30 70 -130

Lead Unlimited 840 SW-846 Method 6010B (ICP) or 0.1 10 +/-30 70-130 +/-30 70- 130
Chroium74409-3.1__ _____ EPA Method 200.8 (!CP/MS) ____

Manganese 7439-96-5 490,000 50.2 SW-846 Method 6010B (ICP) or 0.05 5 +/-30 70-130 +/-30 70-130

___ ___ ___ __ ___ ___ _ _ ___ _ 1 EPA Method 200.8 (ICPIMS) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Nickel 7440-02-0 70,000' 130.4 SW-846 Meho 6010D (IP) or 0.04 4 +/-30 70-130 +/-30 70-130

17,500 84 SW-846 Method 60101B (!CP) or 0.2 10 +/-30 70- 130 +/-30 70-130
Selenium 778249-2 EPA Method 200.8 (ICP/MS) 0.1 10 +/-30 7 10_30 3

Silver 7440-224 17,500 0.884 SW-846 Method 601 OB (ICP) or 0.052 +/-30 70- 130 +1-30 70- 130

Mang nese743 -96- __ ____ __ ____ ___ EPA M ethod 200.8 (ICPIM S) 0.02 _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ __ _ _ _ _

Vanadium 7440-2-2 24,500 2,240 SP Method 6010 (ICP)or 0.04 4 +/-30 70- 130 +/-30 70- 130

Z17,4456-0U0me 2 SW846 Method 60108 (ICP) or 0.01 0 +/-30 70-130 +/-30 70-130Seenium 77409-97-6 Unimited 22 EPA Method 200.8 (!CPIMS) N/A .2/A N/A +/- 3 7-3

Silerr 7440-2246 1,050 0.38 SW-846 Method 60710A (lOP) rA 0.0220+ 0 7-10 13 0 3
________ ~ ~ ~ ~ o EPA Method 200.8 (CPMS __________

0
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Table 2-2. Analytical Performance Requirements for Soil Samples. (3 Pages)
Pr-lussry Action . . - Target Required

- Imk Quandta Limits
Contaminant C. -W PrecimsIO Accuracy Precisiou Accuracy

Conen I Abstracts " W snfullc T tmovtebwater Water -soU -Soil
Snttoi Industr r P tin Com. ( So(-OthrCon) %

-pcPW (p tgor . (pCI/L or (pCVg or mg/kg)

Mercry 739-9-6 1050 .331 SW-846 Method 7470A (CVAA
Mercury 7439-97-6 1,050 0.33 20.8 QCP/s 0.0005 N/A +1-30 70- 130 N/A N/A

Laboratory Measurements - Semivolatile Organics
Full suite of Compound- Compound- Compound- SW-846 Method 8270C 0.02 0.33 to 0.85' +1- 30r 70-130' +/. 30' 70 - 130'SVOCs specific specific specific
Laboratory Measurements - Volatile Organics

Pull suite of VOCs Compound. C o - C= .po SW-846 Method 82608' 0.005 0.005 to 0.05' +/- 3ff 70 - 130r +/- 30' 70-130'
specific specific specificI

'The preliminary action levels for nonradionuclides are consistent with guidance contained in CLARC tables (Ecology 94-145) or risk-based values used to determine the appropriate analytical
requirements (target required quantitation limits). The preliminary action levels for radionuclides are based on 100 nemyr above background and are used to determine appropriate
analytica requirements.

"Water values for sampling quality conitr (e.g.. equipment blanks/rinses) or dralnable liquid (if recovered).
'Radiological contaminants of concern pertain to CERCLA activities only.
Srable 740-1 of WAC 173-340-900. "1ables"
"No action levels are specified for general groupings of compounds; action levels are compound-specific.
'Accuracy criteria are the minimum for associated batch laboratory control sample percent recoveries. laboratories must meet statistically based control if more stringent Additional

analyte-specific evaluations also performed for matrix spikes and surrogates as appropriate to the method. Precision criteria for batch laboratory replicate matrix sample analyses.
'Background value.
"Values shown ae "nominat compound-specific minimums and maximums. Most constituents will be within the given range. A limited number will have higher detection limits. Individual

compounds will be evaluated against established laboratory contractual agreements (based on U.S. Environmental Protection Agency guidance documents).
'SW-846 Method 5035A will be used as appropriate for VOC sampling and preservation.
tompanable results for elemental mercury can be obtained using either EPA Methods 7470/7471 (cold vapor atomic absorption) in SW-846, or EPA Method 200.8 (inductively coupled

plasmatmass spectronetry). The projects target quantitation linits will determine the methodology used for mercury analysis.
DP6DR. PG-2. and SHP3S0-AJU are trademarks of Eberline Instruments, a subsidiary of Thermo Electron Corporation. Waltham, Massachusetts.
EPA Method 200.8 is found in Ecology 94-145, Cleanup Lewis & Risk Calculations under the Model Toxies ControlAct Cleanup Reguladon (CLARC) Version 3.1.
EPA/600/R-94/1 1, Methodsfor the Determination of Metals In Environmental Samples. Supplement I.
SW-846. Test Methods for Evaluating Solid Waste: Physlcalcemkcal Methods. Third Edition.

AEA - alpha energy analysis. EPA - US. Environmental Protection Agency. N/A - not applicable.
CERCLA- Comprehensive Environmental Response. GEA - gamma energy analysis. SVOC - semivolatile o

Compensation. and LabilityAetof 190. GPC - gas propoutioal counting. TDC - tobeconsidere
CLARC - cleanup levels and risk calculations. GW - groundwater. TBD - to be delermim
CVAA - cold vapor atomic absorption. ICP - inductively coupled plasm. VOC - volatile organic
dpm - disintegrations per minute ICP/MS - inductively coupled plasmArass spectrometry

pnic compound.
d.
d.
comond.
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2.3 SAMPLE PRESERVATION, CONTAINERS,
AND HOLDING TIMES

Sample preservation, containers, and holding times are presented in Tables 2-3 and 2-4 for vapor
and soil-vapor samples and in Table 2-5 for soil samples.

Table 2-3. Vapor Sample Preservation, Container, and Holding Time Guidelines
for Field Screening.

AAnalytical Tedlar g Packing holding
A Priority Number Volumeb Preservation Requirements Time

Volatile Organic Compounds

VOCs I Vapor TBD I L N/A N/A 6hours

Tedlar is a registered trademark of E.l. du Pont de Nemours and Company, Wilmington, Delaware.

"These are optimal volumes, which may be adjusted downward to accommodate the possibility of small sample recoveries.
Minimum sample size will be defined on the Sampling Authorization Form.

N/A - not applicable.
TBD - to be determined.
VOC - volatile organic compound.

Table 2-4. Vapor Sample Preservation, Container, and Holding Time Guidelines
for Laboratory Analyses.I alytical a SUPrAanIsterv ' Pakin Holding

n e Priority 'it Iz Numnber ;,Volumei" I Pesr vain :e...rImInz I : me

Volatile Organic Compounds | Ambient temperature, 14-28
VOCs I Vapor TBD 6 L at or near atmospheric N/A 4

pressure days

'SUMMA is a registered trademark of Moletrics, Inc., Cleveland, Ohio.
tiis is the typical volume applicable to SUMMA-canister sample collection (if used). A vacuum is applied to the SUMMA

canisters in a laboratory, and they are shipped to the field with this negative pressure. Active soil-gas samples are drawn
into the canister by opening a valve and allowing gas to replace the vacuum. Thus, a volume of gas is contained in the
SUMMA canister after collection. Minimum sample size will be defined on the Sampling Authorization Form.

N/A - not applicable.
TBD - to be determined.
VOC - volatile organic compound.
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Table 2-5. Soil Sample Preservation, Container, and Holding Time Guidelines
for Laboratory Analysis.

Analyte Analyikal NIx BOt Am Preat0on Padidtj Holding

ChemIcals
Metals (6010B or 200.8) 3 Soil I G/P 10-500 g None None 6 months

Mercury (7471A or 4 Soil I G 5-125 g None Cool 40C 28 days
200.8)'

VOC (8260B) I Soil 3 40 mL 200g None Cool 4*C 14 days
aG

SVOC (8270C) 2 Soil I .G 125-1000 8 None Cool 40C 14/40 days

Radionuclides

Americium isotopic 5 Soil I G/P 5 £ None None 6 months
(AEA)

Uranium isotopic (AEA) 5 Soil I G/P S g None None 6 months

Plutonium isotopic 5 Soil I G/P 5 £ None None 6 months
(AEA)

Cesium-137 (GEA) 5 Soil I G/P 500 g None None 6 months

Cobalt-60 (GEA) 5 Soil I G/P 5008 None None 6 months

Europium-I 52 (GEA) 5 Soil 1 G/P 5008 None None 6 months

Europium-154 (GEA) 5 Soil I G/P 500 g None None 6 months

Europium-155 (GEA) 5 Soil I G/P 500g None None 6 months

Nickel-63 (LSC) 5 Soil I G/P log None None 6 months

Total radioactive 5 Soil I /P 25 g None None 6 months
strontium (GPC)

Technetium-99 (LSC) 5 Soil I G/P lOg None None 6 months

flhese are optimal volumes, which may be adjusted downward to accommodate the possibility of retrieving a small amount of
sample.

tSoil samples that are submitted to the analytical laboratory for analyses for specific analytes require a minimum of a 10 g soil
sample for all 6010B analyses, a 5 g sample (which may be included in the same bottle as that for 6010B analysis) for
7471A analyses, a 30 g sample for 8260B analyses, and a 125 g soil sample for 8270C analyses.

c Comparable results for elemental mercury can be obtained using either EPA Methods 7470/7471 (cold vapor
atomic absorption) in SW-846, or EPA Method 200.8 (inductively coupled plasma-mass spectrometry). The
projects target quantitation limits will determine the methodology used for mercury analysis.

*EPA Method 200.8 is found in EPA/600/R-94/l 1I, 1994, Methodsfor the Determination ofMetals in Environmental
Samples. Supplement 1, U.S. Environmental Protection Agency, Washington, D.C.

*4-digit EPA methods are found in SW-846, 1999, Test Methodsfor Evaluating Solid Waste: PhysicallChemical Methods.
Third Edition, U.S. Environmental Protection Agency, Washington, D.C.

AEA - alpha energy analysis. GPC - gas proportional counting.
aG - amber glass. ' LSC - liquid scintillation counting.
EPA - U.S. Environmental Protection Agency. P - plastic.
G - glass. SVOC - semivolatile organic compound.
GEA - gamma energy analysis. VOC - volatile organic compound.
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2.4 ONSITE MEASUREMENTS QUALITY
CONTROL

The collection of QC samples applies to the soil-vapor samples and soil samples described in
this plan. Field-screening instrumentation will be calibrated, maintained, and controlled
according to approved procedures.

2.5 DATA MANAGEMENT

Data resulting from the implementation of this QAPjP will be managed and stored by the Fluor
Hanford, Inc., organization responsible for sampling and characterization, in accordance with
applicable data management procedures. At the direction of the task lead, all analytical data
packages will be subject to final technical review by qualified personnel before being submitted to
regulatory agencies or included in reports. Electronic data access, when appropriate, will be via
a database (e.g., Hanford Environmental Information System [HEIS] or a project-specific
database). Where electronic data are not available, hard copies will be provided in accordance
with Section 9.6 of the Tri-Party Agreement (Ecology et al. 1989a).

2.6 VALIDATION AND VERIFICATION
REQUIREMENT

Data verification and validation are performed on analytical data sets primarily to confirm that
sampling and chain-of-custody documentation are complete, sample numbers can be associated
with the specific sampling locations, samples were analyzed within the required holding times,
and analyses met the data quality requirements specified in the DQO summary report
(D&D-23105). For soil samples, data verification and validation will include evaluation of
sample results based on matrix spike, laboratory control sample, and laboratory duplicate or
matrix spike duplicate (as appropriate to the method). Available field blanks, field duplicates,
and field splits will be examined. Validation will be performed on a minimum of one completed
data package or 10 percent of the data by a qualified data validator. A copy of the validated data
package will be provided to the Washington State Department of Ecology following completion
of the data validation process. Formal data validation will not be performed on field screening
analytical results. For field screening data, the data will be reviewed to ensure that they are
usable.

2.7 DATA QUALITY ASSESSMENT

The data quality assessment (DQA) process is used to determine whether or not the data meet the
project DQOs. Additional steps of the DQA process involve data plotting, testing for outlying
data points, and statistical hypothesis testing relative to the null and alternative hypotheses stated
in the DQOs. When statistical sampling designs are used, the outcome of the DQA process is a
statement that the statistical hypothesis testing suggests that the null hypothesis is accurate, that
the null hypothesis has been rejected, or that not enough data exist to make a determinative
conclusion based on the hypothesis test used. In the latter case, either additional data must be
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collected to support the statistical hypothesis testing or the data user must make a decision with
higher uncertainty than the desired levels expressed in the DQOs.

The DQA chemists and statisticians recognize that data that are flagged during the data
validation process are not necessarily invalid. Flagged data are reviewed during the DQA
process to determine whether the validation flags affect the intended use of the data. During the
DQA activity for the data generated during characterization of the 218-W-3A Burial Ground, the
determination of whether or not any flagged data are recommended for use will be documented
in the DQA report.

2.8 SYSTEM AND PERFORMANCE
ASSESSMENTS, FREQUENCY, AND
CORRECTVE ACTIONS

All sampling, field analytical, and laboratory analytical services required by this SAP will be
performed in accordance with Hanford Site analytical laboratory quality assurance requirements
document documents that are applicable at the time. This document specifies the quality
principles, practices, and procedures for Fluor Hanford, Inc., and the subcontracted entities that
provide sampling and analytical services. The Fluor Hanford Waste Disposal/Groundwater
Remediation Project will ensure that field analytical and sampling services are assessed and
evaluated in accordance with Hanford Site analytical laboratory quality assurance requirements
document documents that are applicable at the time and Groundwater Remediation Project
quality assurance requirements. Laboratory analytical services will be assessed in accordance
with Hanford Site analytical laboratory quality assurance requirements document documents that
are applicable at the time as part of the scheduled Integrated Contractor Audit Team assessment
or equivalent U.S. Department of Energy audits for laboratories providing services under
this SAP.

2.8.1 System and Performance Assessments

A system assessment is an evaluation of an entire system to ensure that it will meet the project
requirements. An example of a system assessment is an onsite laboratory audit that ensures that
the sample receiving, sample storage, sample analysis, data reduction, and documentation
procedures used at the laboratory will meet the requirements of the project. A performance
assessment (PA) is the evaluation of the performance of one aspect of a system. An example of
a PA is the insertion of performance evaluation samples to test the laboratory system.
Performance evaluation samples are samples containing analytes of interest at known
concentrations. Neither a system assessment nor a PA will be performed as part of this project
except as noted previously. However, both the project and the analytical laboratory will comply
with systems in place for these types of assessments.

2.8.2 Corrective Action

Corrective-action procedures are implemented whenever sampling, field monitoring, or
laboratory analysis results do not meet the required quality assurance/QC standards. The types

2-13



DOE/RL-2004-71 REV 0

of corrective action that apply to environmental analysis are laboratory corrective actions and
field corrective actions.

2.8.2.1 Laboratory Corrective Action

Laboratories providing analytical services in support of this SAP will be responsible for

establishing a corrective action program that is consistent with the Hanford Site analytical

laboratory quality assurance requirement documents that are applicable at the time. Corrective
action processes that shall be addressed by the laboratory include the following:

. Evaluation of impacts of laboratory QC failures on data quality

. Root cause analysis of QC failures

. Evaluation of recurring conditions that are adverse to quality
* Trend analysis of quality-affecting problems
. Implementation of a quality improvement process
. Control of nonconforming materials that may affect data quality.

Implementation of these corrective action processes will be evaluated as part of the yearly

Integrated Contractor Audit Team assessment or equivalent U.S. Department of Energy audits of

laboratories providing services under this SAP.

2.8.2.2 Field Corrective Action

The field team leader and project manager are responsible for ensuring that all field procedures

are followed completely and that field personnel are trained adequately. The field team leader
and the project manager must document situations that may impair the usability of the samples

and/or data in the field logbook or nonconformance report forms in accordance with internal
corrective action procedures, as appropriate. The field team leader will note any deviations from
the standard procedures for sample collection, COCs, sample transport, or monitoring that

occurs. The field team leader also will be responsible for coordinating all activities relating to

the use of field monitoring equipment such as dosimeters and industrial hygiene equipment.
Field personnel will document in the logbook all noncompliant measurements taken during field

sampling. Ultimately, the project manager, or the field team leader at the discretion of the

project manager, will be responsible for communicating field corrective action procedures, for

documenting all deviations from procedure, and for ensuring that immediate corrective actions
are applied to field activities. Problems with sample collection, custody, or data acquisition that

adversely impact the quality of data or that impair the ability to acquire data, or failure to follow

procedure, shall be documented in accordance with internal corrective action procedures as
appropriate.

2.8.3 Reports to Management

Reports to management on data quality issues will be made if and when these issues are

identified. These issues will be reported by laboratory personnel to the project manager.
Subsequently, standard reporting protocols (e.g., project status reports) will be used to

communicate these issues to management. Because no performance or system assessments are
planned as part of this activity, the project manager will not be providing audit or assessment
reports to management for this activity unless an unanticipated request is made to conduct such
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an assessment. At the end of the project, a data quality assessment report will be prepared to
evaluate whether the type, quality, and quantity of data that were collected meet the intent of the
DQO and SAP.

2.9 TECHNICAL SPECIFICATIONS

Sampling and field measurements will be conducted in accordance with the following
technical specifications.

2.9.1 Sample Location

Sample locations for vadose zone soil-vapor sampling will be staked and labeled before the
activity is started. Sampling locations will be staked by the technical lead or field team leader
assigned to the sampling activities described in this SAP. After the locations have been staked,
minor adjustments to the location may be made to mitigate unsafe conditions, avoid structural
interferences, and bypass utilities. Locations will be identified during or after sampling
following approved procedures. Changes in sample locations that do not affect the DQOs will
require approval of the Fluor Hanford, Inc., project manager for this SAP. However, changes to
sample locations that result in impacts to the DQOs will require decision-maker concurrence.

2.9.2 Sample Identification

The Fluor Hanford Sample and Data Tracking database will be used to track the samples through
the collection and laboratory analysis process. The HEIS database is the repository for the
laboratory analytical results. The HEIS sample numbers will be issued to the sampling
organization for this project in accordance with approved procedures. Samples tracked through
HEIS will be identified and labeled with a unique HEIS sample number. The sample location,
depth, and corresponding HEIS numbers are documented in the sampler's field logbook.

Sample containers are labeled with the following information using a waterproof marker on
firmly affixed, water-resistant labels:

* Sampling Authorization Form number
" HEIS number
" Sample collection date and time
* Name or initials of person collecting the sample
" Analysis required.

2.9.3 Field Sampling Log

The sampling team will be responsible for recording all information pertinent to field sampling
and analysis in bound logbooks in accordance with approved procedures. Logbook entries will
be dated and signed by the individual making the entry.
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2.9.4 Sample Custody

Chain-of-custody procedures will be followed throughout sample collection, transfer, analysis,
and disposal in accordance with approved procedures to ensure that sample integrity
is maintained. Each time responsibility for custody of the sample changes, the new and previous
custodians will sign a record and note the date and time.

2.9.5 Sample Containers

Tedlar bags (1 L capacity), and SUMMA canisters will be used for collecting the vent riser vapor
samples and vadose zone soil-vapor samples identified in this SAP, as noted in Tables 2-3 and
2-4. After sample collection, all gas prefilters used will be surveyed. In addition, Tedlar bags
and SUMMA canisters that are filled inside of surface contamination areas will be surveyed
externally for contamination. Container requirements for potential soil samples are specified in
Table 2-5. Based on the amount of sample that can be obtained using proposed sampling
techniques, bottle size requirements could vary. Final types and volumes to be used for vapor
and soil will be listed on the Sampling Authorization Form.

2.9.6 Inspection/Acceptance Requirements for
Supplies and Consumables

Sample containers will be obtained from vendors who certify that the cleaning protocol used is
appropriate for the analyses to be performed on the sample. Other consumables such as gas
standards, calibration gases, and disposable sampling equipment (e.g., sampling tubing) will be
obtained from vendors on the basis of specifications provided in the vendors' published product
descriptions. Inspection and acceptance of these items will be documented in field logbooks or,
when the manufacturer provides certifications, maintained in project files to ensure the
availability of these records.
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3.0 FIELD SAMPLING PLAN

3.1 SAMPLING OBJECTIVES

The objective of these sampling and analysis activities is to determine whether a release of
contaminants to the substrate soil has occurred in the 218-W-3A Burial Ground. The field
sampling plan is based on the sampling design developed during the DQO process (D&D-23 105)
and describes the pertinent elements of the sampling program. This section identifies, to the
extent possible, sample methods, locations, frequencies, analytes of interest, and container
requirements.

The primary use of the data acquired through the sampling design developed in this report is
defined in the Tri-Party Agreement Interim Milestone M-91-40, Requirement 2
(Ecology et a]. 1989a). Other potential uses for the data include developing the 200-SW-2
Operable Unit preliminary conceptual contaminant-distribution models and evaluating the risk
assessment remedial action alternatives and remedial action decisions. This sampling design
applies only to those portions of the trenches in which RSW was placed.

A three-step sampling design has been developed for this project. The three steps in this
sampling design are as follows:

3.1.1 Step I

The main component of Step I of the sampling design is vapor sampling through vent risers at
the 218-W-3A Burial Ground. The following activities make up Step I sampling.

* Accessible vent risers will be sampled for VOC vapors. Sampling will be limited to the
vent risers that currently exist, that are in sections of trenches that currently contain RSW,
and that are accessible without posing health and safety risks to workers (for example,
because .of the potential for subsidence). Trenches T-05 and T-08 have vent risers in
sections containing RSW.

. Vapor samples will be collected in Tedlar Bags or introduced directly into the instrument
for onsite analysis using a field-screening instrument capable of analyzing for a limited
number of organic compounds. A field screening instrument such as an organic vapor
monitor (OVM) will be used to provide real-time feedback on potential organic
contamination.

* Additional vapor samples will be collected in SUMMA canisters for laboratory analysis.

. Step I sampling results will be used to guide locations for sample collection during
Step II sampling (i.e., locations not associated with the statistically based hot spot random
sampling design).
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Vapor sampling at all of the vent risers in the 21 8-W-3A Burial Ground is required in support of
the dispersed carbon tetrachloride vadose zone plume remedial investigation for the 200-PW-1
OU. The SAP for the 200-PW-1 OU investigation was approved in 2004 (DOE/RL-2001-0l,
Plutoniun/Organic-Rich Process Condensate/Process Waste Group Operable Unit R/FS
Workplan: Includes the 200-PW-1, 200-PW-3 and 200-PIW-6 Operable Units, Appendix D).
Vent riser vapor sampling was conducted in the 218-W-3A Burial Ground in support of the
200-PW-1 OU investigation in August and September 2005. The field screening results for the
vent risers that are in the portions of Trenches T-05 and T-08 that contain RSW will be used to
meet the data needs for field screening results in Step I of this SAP.

3.1.2 Step !!

Step II includes surveying the exposed trench floor using appropriate field-screening instruments
after waste retrieval. Following these surveys, decisions for additional characterization will be
made. Several options for additional characterization techniques are available during Step II.
The decisions on which of the techniques to implement will be based on the data obtained during
previous surveys and/or characterization activities. The complete list of Step I activities
is as follows.

. Pertinent inspection records and/or occurrence reports regarding subsidence and/or
flooding in the 218-W-3A Burial Ground trenches will be reviewed for indications of
biased sampling locations. Observations made during waste retrieval also will be
reviewed to indicate possible judgmental survey and sampling locations.

. Surveys using radiological and OVM field detectors and visual observations will be
performed over the exposed area of the trench floor following waste retrieval. The
surveys will be made when the trench floor underlying the RSW has become accessible
and sampling will not interfere with waste retrieval operations. The results of these
surveys and visual observations will be documented and evaluated for obvious
indications of locations for substrate soil characterization.

" During the surveys, the soil at the trench floor will be examined for indications of
discoloration, staining, or bleaching that could be caused by leakage of organic solvents
or other liquid waste from drums. This evaluation of the trench floor soil provides a basis
for Step III sampling.

. At locations where characterization data obtained in Step I or Step II activities indicate a
potential hot spot, soil-vapor sampling using a direct-push technology (e.g., a cone
penetrometer [CPT]) or hand auger will be performed.

. If no potential hot spots were indicated by previous characterization activities, decision
makers will evaluate whether substrate soil-vapor characterization using a direct-push
technology (e.g., CPT) or hand auger should be performed in a grid pattern aimed at
locating hot spots (Appendix A). The presence of hot spots indicates locations where
contained waste may have drained into the substrate soils. The sampling locations for the

grid survey (if needed) will be as described in Appendix A and will be augmented by the
results of activities conducted in Step I and Step II. As needed, sampling locations will
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be spaced at 7.6 m (25-ft) intervals. Figure 3-1 summarizes the trench floor sampling
locations, lengths, and estimated number of samples. A random number generator will be
used to determine the location of the first sampling location from the comer of the
applicable section of the trench (Figure 3-2). At each sampling location, soil-vapor
samples will be collected at 1.8 in (6-fl) and 3.7 in (12-ft) depth intervals below ground
surface and collected in Tedlar bags (or drawn directly into the analytical instrument) for
field-screening analysis or in SUMMA canisters for laboratory analysis. Also at each
location, the CPT rods or hand-augering equipment will be surveyed by hand-held
radioactivity detectors on their removal from each location. If the trench floor is not
accessible by vehicle, depths greater than those achievable with a hand auger will not be
sampled. Additional sampling locations may be established between the 7.6 m (25-fl)
spaced locations to reduce the grid size and better define potential hot spots based on
results of Step I and Step II characterization and/or visual observations.

Deeper soil-vapor sampling will be conducted using a direct-push technology (e.g., CPT).
Samples will be taken adjacent to the initial locations with elevated vapor concentrations
that appear to define a VOC plume. Samples will be collected at 1.8 m (6-ft) intervals
below ground surface until refusal or until a maximum depth of approximately 9.8 m
(32 ft) below the trench floor is reached. The samples will be analyzed using a field-
screening instrument.

3.1.3 Step III

Step MII activities involve sampling substrate soils. To determine if this intrusive characterization
is required, the results of the Step I and Step II characterization activities will be evaluated by
decision makers. During the review, decision makers will weigh detected contaminant
concentrations, uncertainties, and costs. If the Step I and Step II data evaluations indicate a need
for Step III characterization, the following methods will be considered as needed.

* Soil samples will be collected to represent the first 15.2 cm (6 in.) of exposed soil in the
trench floors. If an engineered fill that resembles gravel or cobble is present, the
sampling depth will be 0.6 m (2 fl) below the onset ofnative soils.

* These samples will be analyzed in the laboratory for the full suite of VOCs, SVOCs,
metals, and radionuclides. If contaminants are detected in soil samples, the decision
about how to move forward will be made through the cleanup processes set forth in
RCRA and/or CERCLA.

The Step !, Step II, and Step III sampling design features are summarized in Table 3-1.

3.2 FIELD MEASUREMENTS

The field measurements described in this section are designed to address the sampling objectives
for Steps I through III. The section includes the sampling design, sampling requirements, and
potential sample design limitations.
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Figure 3-1. Summary of Sampling Locations for Soil-Vapor Sampling and Radiation Surveys in
Vadose Zone and/or Substrate Soil.
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T-6S D 27 2
T-01 E 28 2
T-04 F 24 1
T-05 G 7 1
T-05 H 22 1

T-05 1 26 2
T-05 J 16 1

T-05 K 92 4
T-05 L 192 8
T-06 M 240 10

T-08 N 29 2
T-08 0 808 33
T-10 P 18 1
T-15 915 1
T-17 R 924 37
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T-23 T 7 1
T-23 U 13 1
T-23 V 28 2
T-30 W 21 1

T-30 X 25 1
T-30 Y 8 1
T-30 Z 11 1

T-30 AA 15 1

T-30 BB 11 1

T-30 CC 13 1
T-30 DD 10 1
T-30 EE 18 1
T-32 FF 15 1
T-34 GG 13 1
T-34 HH 15 1
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T-34 it 13 1
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Figure 3-2. Random Sampling Design for Soil-Vapor Sampling and Radiation Surveys in
Vadose Zone and/or Substrate Soil.
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Table 3-1. 218-W-3A Burial Ground Sampling Design. (3 Pages)

Sample Colection Keyatures of Design Das for Sampling Design

Step I Sampling

Vapor sampling from Sample vapors from accessible vent risers in sections of Vent risers offer a simple and
vent risers in trenches containing RSW. Collect vapor samples in inexpensive means of vapor
218-W-3A Burial Tedlar' bags (or draw the samples directly into the sampling in burial ground
Ground trenches analytical instrument) for onsite analysis using field- trenches. Results can be used to

screening instrument. focus Step II sampling.

Collect a vapor sample in a SUMMA 2 canister for
laboratory analysis from the vent riser in each trench with
the highest VOC concentration, based on field-screening
results.

To the extent possible, sample all accessible vent risers in
the 218-W-3A Burial Ground during one sampling event,
which may extend over multiple days.

Use analytical methods that identify individual VOCs in
vapor mixtures.

Step Il Sampling .7-, _

Surveys of the trench Using appropriate field-screening instruments, including an Locations on the trench floor
floor using an OVM, perform a systematic grid survey over the exposed with elevated concentrations of
organic vapor surfaces of the trench floor. Include locations where Step I organic vapors or radiological
monitor and vent riser sampling and observations made during waste activity provide a basis for
radiological field retrieval indicate the potential for elevated VOC identifying potential
detectors. concentrations. contamination areas in the soil

beneath the trench floor.

Visual observations During the surveys, examine the trench floor, looking for Stains on the trench floor may
of the trench floor. indications of discoloration caused by organic solvents indicate organic solvent

leaking from drums. pathways through the trench
floor to the substrate soils. This
is a basis for Step III sampling.

Review of inspection Review the pertinent 218-W-3A Burial Ground trench Review may indicate locations
records and/or inspection records and/or occurrence reports regarding for biased sampling.
occurrence reports. subsidence and/or flooding for indications of biased

sampling locations.

Evaluate data from Decision makers review existing characterization data to Detected contaminant
Step I and Step II determine the need for additional characterization. concentrations, uncertainties,
characterization and costs are weighed to
performed to this determine the need for
point. additional characterization.

As needed, soil- Based on the results obtained in Step I and Step II, Soil-vapor sampling may locate
vapor sampling in the determine whether to use a direct-push technology to areas where organic solvents
vadose zone beneath access the vadose zone for soil-vapor sampling at locations have penetrated the substrate
the trench floor using of elevated VOC concentrations. soils. These are potential
a direct-push At each sampling location, collect soil-vapor samples in organic contaminant pathways
technology Tedlar' bags (or draw the samples directly into the into the vadose zone.
(e.g., CPT) or auger. analytical instrument) at depths of 1.8 rn (6 ft) and 3.7 m

(12 fi) below ground surface. Analyze the samples for
VOCs using field-screening instruments.
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Table 3-1. 218-W-3A Burial Ground Sampling Design. (3 Pages)

Sample Collection Key Features of Design Bis for Saing DeAg
Methodolg*, ____________

As needed, soil-
vapor sampling in the
vadose zone beneath
the trench floor using
a direct-push
technology
(e.g., CPT) or auger.
(cont.)

Decision makers evaluate the use of a direct-push
technology for subsurface access at 7.6 m (25-ft) intervals
using a systematic grid sampling design with a random start
location.

If implemented, collect soil-vapor samples in Tedlar bags
(or draw the samples directly into the analytical instrument)
at depths of 1.8 m(6 R) and 3.7 m (12 R) bgs at each
sampling location. Analyze the samples for VOCs using
field-screening instruments.

Laying out a systematic grid is a
hot-spot search technique that
could investigate substrate soils
in areas where data from
surveys or visual observations
are not available to indicate the
potential for elevated VOCs.

As needed, use a direct-push technology to collect Soil-vapor samples that are
additional soil-vapor samples at locations between the collected at locations between
initial locations with elevated VOC concentrations. the initial locations are used to

At each sampling location, collect soil-vapor samples in reduce the grid spacing and
Tedlar bags (or draw the samples directly into the better define any VOC hot

analytical instrument) at depths of 1.8 m (6 R) and 3.7 m spots.
(12 A) bgs. Analyze the samples for VOCs using field-
screening instruments.

If soil-vapor concentrations detected at 1.8 m (6 fl) or The initial results will be used to
3.7 m (12 R) bgs indicate the presence of COCs, decision guide vertical profiling for
makers will evaluate whether to use direct-push technology VOCs.
to conduct deeper soil-vapor sampling adjacent to the initial
locations with elevated VOC concentrations that appear to
define a VOC plume in the vadose zone. In these locations,
the sampling will be conducted using a direct-push
technology (e.g., CPT) for subsurface access. At each
sampling location, soil-vapor samples will be collected in
Tedlar bags at 1.8 m(6-ft) intervals below ground surface
until refusal or until reaching a maximum depth of
approximately 9.8 m (32 ft) below the surface of the
substrate soil. Ie samples will be analyzed using a field-
screening instrument.
At the location in an apparent plume with the highest VOC
concentrations based on field screening, collect soil-vapor
samples in SUMMA canisters for laboratory analysis. At
these locations, sample at 1.8 m (6-fl) intervals bgs until
refusal or until reaching a maximum depth of
approximately 9.8 m (32 A) below the depth of the trench
floor. If no VOC plumes are apparent at a given trench,
laboratory samples will not be collected.

If organic contaminants are detected in soil-vapor samples,
the decision of how to move forward will be determined by
the cleanup processes set forth in RCRA and/or CERCLA.

Sampling beyond this SAP will
be conducted at the discretion of
the decision makers.

Step IIl Sampling -

Evaluate data from Decision makers review existing characterization data to Detected contaminant
Step I and Step 11 determine the need for additional characterization. concentrations, uncertainties,
characterization. and costs are weighed to

determine the need for
additional characterization.
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Table 3-1. 218-W-3A Burial Ground Sampling Design. (3 Pages)
Sample Collection Key Features of Design Basis for Sampling Design

Methodology _________________________

As needed, sample Collect soil samples at a depth of 0 to 15.2 cm (0 to 6 in.) at Soil samples can provide data
the soils beneath the locations determined by Step 11 characterization results. on all COCs at specified depths
trench floor. Collect samples using hand tools. Alternatively, use a below the surface of the trench

direct-push technology (e.g., drive casing) for access to the floor.
desired depth and collect samples using a device such as a
split-spoon sampler.

Analyze for the constituents that were detected on the
trench floor surface or in vadose zone soils (e.g., if
chemical constituents were detected, analyze for chemical
constituents. If radiological constituents were detected,
analyze for radiological constituents).

If contaminants are detected in soil samples, the decision as Sampling beyond this SAP will
to how to move forward will be determined through the be conducted at the discretion o
cleanup processes set forth in RCRA and/or CERCLA. the decision makers.

Tedlar is a registered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware.
bSUMMA is a trademark of Motetrics, Inc. Cleveland. Ohio.
Comprehensive Environmental Response, Compensation and Liability Act of 1980.
Resource Conservation and Recovey Act of1976.

bgs . below ground surface. OvM - organic vapor moniu
CERCLA o Comprehensive Environmental Reonse. RCRA - Resource Consen'ati

Compensation and Liability Act of 1980. RSW - retrievably stored wa
COC - contarninant of cocem. SAP - sampling and analysi
CPT - cone penetrometer. VOC - volatile organic com
GCMS - gas chromatograph/moss spectrometer.

Or.
on and Recovery Act of 1976.
ste.
s plan.
pound.

3.2.1 Step I and Step II Sampling Design Features

This section presents the primary features of the Step I and Step !] sampling design, which are
as follows.

. Accessible vent risers in sections of trenches containing RSW will be sampled for VOC
vapors. Vapor samples will be collected in Tedlar bags or directly introduced into the
analytical instrument for onsite analysis using a field-screening instrument capable of
analyzing for a limited number of organic compounds, including carbon tetrachloride.
Additional vapor samples will be collected in SUMMA canisters for laboratory analysis
of a broader range of VOCs. Vent risers offer a simple and inexpensive means of vapor
sampling within the burial ground trenches. The results will be used to focus Step II
sampling. A typical burial ground vent riser configuration is shown in Figure 3-3.

0
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Figure 3-3. Typical Burial Ground Trench Configuration with Associated Vent Risers.
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. A survey will be conducted over the exposed surfaces of the trench floor once the RSW
has been removed, using an OVM and portable radiological detectors. Sampling will be
conducted when the trench floor has become accessible and sampling activities will not
interfere with waste retrieval operations. During the radiation surveys, the trench floor
also will be visually examined for indications of discoloration, staining, and bleaching
that could be caused by waste leaking from drums. This evaluation of the trench floor
provides another basis for determining appropriate locations for Step II and Step III
sampling (if required).
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" Pertinent 218-W-3A Burial Ground trench inspection records and/or occurrence reports
regarding subsidence and/or flooding will be reviewed for indications of biased
sampling locations.

" The decision makers will review the characterization data from Step ] and the trench floor
surveys conducted in Step I to determine the need for soil-vapor sampling in the vadose
zone soils. During the review, detected contaminant concentrations, uncertainties, and
costs will be weighed to determine the need for additional Step II characterization.
Additional Step II activities may include sampling soil vapor from the vadose zone below
the trench floor and analyzing the samples for additional VOCs.

* As needed, vadose zone soil-vapor sampling will be conducted in the soil at locations of
visible staining and elevated VOC concentrations or radiation readings, based on results
obtained during Step I characterization and/or at the locations shown in Figure 3-2. The
sampling will be conducted using a direct-push technology (e.g., CPT) for subsurface
access. At each sampling location, soil-vapor samples will be collected at depths of
1.8 m (6 fl) and 3.7 m (12 fl) below ground surface in Tedlar bags (or drawn directly into
the analytical instrument) and analyzed using field screening instruments.

* As needed, additional sampling locations may be established between the initial locations
with elevated VOC concentrations, to reduce the grid size and better define potential
VOC hot spots. At each sampling location, soil-vapor samples would be collected at
depths of 1.8 m (6 fi) and 3.7 m (12 fl) below ground surface and analyzed using a
field-screening instrument.

. If the trench floor is accessible by vehicles, deeper soil-vapor sampling may be conducted
at the initial locations of elevated VOC concentrations that appear to define a VOC plume
in the vadose zone. In these locations, the sampling will be conducted using a
direct-push technology (e.g., CPT) for subsurface access. At each sampling location,
soil-vapor samples will be collected in Tedlar bags at 1.8 m (6-fl) intervals below ground
surface until refusal or until reaching a maximum depth of approximately 9.8 m (32 fR)
below the surface of the substrate soil. The samples will be analyzed using a field-
screening instrument. Refusal occurs when the direct-push technology is no longer able
to advance deeper into the subsurface.

* At the location in an apparent VOC plume with the highest VOC concentration based on
field-screening results, sampling will be conducted using a direct-push technology at
1.8 m (6-fl) intervals below ground surface until refusal or until reaching a maximum
depth of approximately 9.8 m (32 ft) below the depth of the trough at the bottom of the
v-trench or asphalt pad. The samples will be collected in SUMMA canisters and
analyzed for VOCs in the laboratory. If no VOC plumes are apparent at a given trench,
laboratory samples will not be collected.

" If organic contaminants are detected in soil-vapor samples, the decision as to how to
move forward will be made through the cleanup processes set forth in RCRA
and/or CERCLA.
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Soil-vapor sampling using direct-push technology generally will involve one-time installation of
direct-push rods and vapor sampling, followed by removal of the rods. However, in locations
with elevated vapor concentrations, the project may elect to leave the rods in place for longer
term vapor sampling or may install temporary vapor-sampling stations (using sintered metallic
filters). Direct-push technology rods that are left in place will be completed at the upper 45.7 cm
(18 in.) with concrete pads and brass survey markers (consistent with groundwater
well installations).

An advanced drive-point technology, the wire-line CPT, is being considered for collecting soil-
vapor samples. The wire-line CPT avoids a potential difficulty inherent in direct-push
sampling-removing the rods and reinserting them in the same hole. Several advanced
characterization tools can be used with the wire-line CPT to sample soil vapor in the vadose
zone. The wire-line CPT vapor sampler can be used to draw soil-vapor samples to the surface
for analysis, and the wire-line CPT grouting module can be used to grout the hole after sampling
has been completed.

Use of these characterization tools will depend on their availability, cost-effectiveness, and
capability of fulfilling the sampling objectives for this investigation. If trucks are not allowed in
or near the 218-W-3A Burial Ground trenches, hand-augering equipment will be needed to
penetrate into the substrate soils. Soil-vapor samples then can be collected in SUMMA canisters
or Tedlar bags (or drawn directly into the analytical instrument) for analysis.

3.2.2 Step III Sampling Design Features

This section presents the primary features that could be applied in the Step IIM sampling design as
needed. The following activities make up Step IMl sampling.

. The decision makers will review the characterization data from Step I and Step II to
determine the need to implement the Step III investigation. During the review, detected
contaminant concentrations, uncertainties, and costs will be weighed to determine the
need for additional characterization.

. Substrate soil samples will be collected as needed using hand tools or a direct-push
technology at locations determined by the Step I and Step I1 characterization. Samples
will be collected at a depth of 0 to 15.2 cm (0 to 6 in.). The soil samples will be analyzed
in the laboratory. The analyses performed will depend on the constituents detected
during the surveys of the trench floor. If chemical constituents (i.e., VOCs) are detected,
the analyses will include metals, VOCs, and SVOCs. If only radionuclides are detected,
the samples will be analyzed for only metals and radionuclides.

. Soil samples can provide data on all COCs that maybe present within the first 15.2 cm
(6 in.) of the exposed waste-soil interface. If contaminants are detected in soil samples,
the decision about how to move forward will be made in accordance with the cleanup
processes set forth in RCRA and/or CERCLA.

Soil sampling using direct-push technology or hand-auger methods generally will involve one-
time installation of direct-push rods, collection of soil samples, and removal of the rods.
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However, in locations with elevated concentrations, the project may elect to leave the rods in

place temporarily for longer term sampling to confirm the initial results. The direct-push
technology rods that are left in place will be completed at the upper 45.7 cm (18 in.) depth with
concrete pads and brass survey markers (consistent with groundwater well installations).

Use of these characterization tools will depend on their availability, cost effectiveness, and
capability in fulfilling the sampling objectives for this investigation.

3.2.3 Vapor and Radionuclide Survey Requirements

Surveys using radiological and OVM field detectors and visual observations will be performed
over the exposed area of substrate soils following waste retrieval. Areas that are inaccessible
following waste retrieval will not be surveyed. For example, access to certain trench floor and
subsurface soil locations could be hindered by the presence of nonretrieved waste containers
(e.g., remote-handled or non-RSW materials). In addition, because the RSW is adjacent to waste
in the same trench that is not RSW, some sampling locations may not be accessible, because soil
used to cover adjacent non-RSW for safety reasons following retrieval of the RSW could hinder
access. The actual amount of inaccessible area cannot be determined until retrieval operations
have been completed. The results of these surveys and visual observations will be documented
and evaluated for obvious indications of locations for substrate soil characterization.

During the surveys, the soil surface will be examined for indications of discoloration, staining, or
bleaching that could be caused by organic solvents or other liquid waste leaking from drums.
This evaluation of the substrate soil surface provides another basis for selecting sampling
locations for additional Step II and/or Step III sampling (if needed).

3.24 General Soil Vapor Sampling Requirements

Soil-vapor samples will be collected in Tedlar bags (or drawn directly into the analytical
instrument) or evacuated SUMMA canisters through probes and/or tubing. The Tedlar bags (or
analytical instrument) will be plumbed with a "tee" fitting that allows venting of one volume of
air from the sampling probe and tubing before collecting the sample. The venting time will be
based on the length of the probes and tubing and the pumping rate. After venting, the valves will
be aligned to fill the Tedlar bag (or analytical instrument). Sampling is complete when the bags
are filled to approximately 75 percent of their capacity. The SUMMA canisters will be attached
to the tubing for sample collection after venting and after confirmation that the canister has
maintained sufficient vacuum. The sample will be drawn by opening a valve on the SUMMA
canister long enough to allow an adequate volume of vapor to be collected. Care will be taken to
ensure that the rate of gas flow into the SUMMA canister is not so fast as to result in outside air
leaking in at the tubing connections and diluting the vapor sample.

The soil vapor in Tedlar bags may be analyzed using an Innova multigas analyzer or other field-
screening instrument that can differentiate carbon tetrachloride and chloroform at the target-
required quantitation limits specified in Table 2-1. Soil vapor that is drawn directly into a field-
screening instrument will be analyzed using the MIRAN analyzer to identify, in one run, up to
five compounds from the list in Table 2-1 that best match the frequency spectrum of the sample.
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The soil vapor in SUMMA canisters will be analyzed at the laboratory for the full suite of VOCs
specified in Table 2-1.

3.2.5 Soil Sampling Requirements

Potentially, soil samples for chemical and radionuclide analyses may be obtained with a hand
tool or a split-spoon sampler or appropriate sampling device developed for the specific
investigative process (e.g., direct-push technology). To the extent possible, the selected
sampling method must ensure that material collected represents nondisturbed media.

3.2.6 Potential Sample Design Limitations

The sampling design might not fill all vadose zone data gaps. As presented, the sampling design
allows for reassessment of characterization, remediation, and financial priorities. This approach
recognizes that decision makers will be in a better position to initiate expensive, deep vadose
zone characterization after conceptual model data gaps have been filled.

Other potential limitations of the proposed sampling designs are as follows.

. Access to the burial ground vent risers before waste retrieval, and to substrate soil
following retrieval, could be limited because of worker protection requirements or
other constraints.

. Some items still may be present in the trench that could limit access to certain substrate
soil locations for this sampling activity.

. Backfill placed over waste that is adjacent to the RSW but that will not be retrieved may
limit access to certain substrate soil locations for this sampling activity.

3.2.7 Visual Observations

Surveys and visual observations will be made of the trench surface during RSW removal
operations. Observations describing containers removed, soil staining, odors, and container
integrity will be made available by removal operations personnel.

3.2.8 Waste Management Sampling

An evaluation will be conducted to identify any additional sampling that might be required to
support management of the waste generated from the field sampling activities. The evaluation
will consist of reviewing the COCs identified for the 218-W-3A Burial Ground trench substrate
soils (Table 1-5) and analyzing any additional constituents that should be evaluated to complete
the waste designation and profile. Additional sampling requirements specific to waste
management issues may be identified for the field activities described in this SAP.
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3.2.9 Supplemental Sampling for Other Projects

Supplemental sampling to support other projects such as the 200-SW-2 Operable Unit remedial
investigation were not identified before this document was prepared. However, supplemental
sampling may be requested as part of the decision-maker evaluation of the data generated during
the sampling activities described in the SAP.

3.3 POSITIONAL SURVEYING

All sampling locations established during this sampling activity will be surveyed. Data will be
recorded using NAVD88, North American Vertical Datum of 1988, and NAD83, North
American Datum of 1983, for the Washington State Plane (South Zone), with the 1991
adjustment for horizontal coordinates. All survey data will be recorded in meters and feet.
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4.0 HEALTH AND SAFETY

All field operations will be performed in accordance with appropriate health and safety
requirements. Appropriate documentation will be prepared that will control site operations. This
documentation will consist of an activity hazard analysis, a site-specific health and safety plan,
and applicable work permits. Work shall be performed in accordance with site-specific health
and safety plans and applicable work permits. The sampling procedures and associated activities
will take into consideration exposure reduction and contamination control techniques that will
minimize the sampling team's exposure.
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5.0 MANAGEMENT OF CHARACTERIZATION-GENERATED
WASTE

The 218-W-3A Burial Ground characterization activities potentially could generate low-level

radioactive waste, mixed waste, and investigation-derived waste. These waste types will be

managed in accordance with applicable regulations, requirements, and agreements.
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APPENDIX A

SAMPLING DESIGN FOR THE IDENTIFICATION OF HOT SPOTS
DURING SOIL-VAPOR SURVEYS AND

SUBSTRATE SOIL SAMPLING
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APPENDIX A

SAMPLING DESIGN FOR THE IDENTIFICATION OF HOT SPOTS DURING
SOIL-VAPOR SURVEYS AND SUBSTRATE SOIL SAMPLING

A1.0 INTRODUCTION

This sampling design will be used to investigate the occurrence of organic soil-vapor hot spots in

the substrate soils following waste retrieval. If organic chemicals are present in the

21 8-W-3A Burial Ground trenches, they also could be present in any vapor associated with the

waste and in condensate that might have entered the substrate soils within the trenches. Survey

and observational data collected during initial sampling activities will be used to guide the

locations for soil vapor sampling in the exposed substrate soil in the 218-W-3A Burial Ground.
However, in the event that such data are not available and soil vapor sampling is deemed

necessary, the sampling design provided in this appendix could be used to investigate the

occurrence of organic vapor or radionuclide hot spots in the trench floor soils.

AL ASSUMPTIONS

The following assumptions were used in developing the sampling design.

. The target (hot spot) is circular or elliptical. For subsurface targets this applies to the

projection of the target to the surface.

. Samples or measurements are taken on a square, rectangular, or triangular grid.

* The distance between grid points is much larger than the area sampled, measured, or

cored at grid points (i.e., a very small proportion of the area being studied actually
can be measured).

. The definition of hot spot is clear and unambiguous. This definition implies that the

types of measurement and the levels of contamination that constitute the hot spot are

clearly defined. For the substrate soil that will be exposed following waste retrieval in

the 218-W-3A Burial Ground trenches, these definitions have been provided as outputs of

steps in the DQO process (D&D-23105, Data Quality Objectives Summary Report for the

218-W-3A Burial Ground Contaminant Release Investigation).

* No measurement misclassification errors occur (i.e., no errors are made in deciding when
a hot spot has been detected).

Transuranic waste materials contaminated with more than 100 nCi/g of transuranic materials having half-lives

longer than 20 years.
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. The grid spacing calculations will be applied only to the surface locations in trenches
where retrievably stored TRU waste will be exhumed and to accessible locations in the
substrate soil following waste retrieval.

A1.2 GRID SPACING

The grid spacing required to find a hot spot of a prescribed size and shape with specified
confidence may be determined from the following procedure.

1. SpecifyL, the length of the semimajor axis of the smallest hot spot important to detect.
L is one half the length of the long axis of the ellipse.

2. Specify the expected shape, S, of the elliptical target, where

S = length of short ais of the ellipse
length of long xis of the ellipse . Equation A-I

Note that 0 <S< I and that S = I for a circle. If S is not known in advance,
a conservative approach is to assume a rather skinny elliptical shape, perhaps S=0.5, to
give a smaller spacing between grid points than if a circular or "fatter" ellipse is assumed
(i.e., sample on a finer grid to compensate for lack of knowledge about the target shape).

3. Specify an acceptable probability, 0, of not finding the hot spot. The value f is known as
the "consumer's risk." To illustrate, a probability of 20 percent (0 = 0.20) (1 chance in 5)
of not finding a hot spot may be acceptable for a small hot spot (e.g., one for which
L = 5 cm). However, for a larger hot spot (e.g., one for which L = 5 M), a probability of
10 percent (P = 0.10) (1 chance in 10) of not finding a hot spot may be required.

4. Use Figure A-I for a square grid. This nomograph gives the relationship between P and
the ratio LIG, where G is the spacing between grid lines. Using the curve corresponding
to the shape, S, of interest, find LIG on the horizontal axis that corresponds to the
prespecified P. Then solve LIG for G, the required grid spacing.

5. The total number of grid points (sampling locations) then can be found because the
dimensions of the land area to be sampled are known.

This procedure is used to establish a square grid pattern in which samples are collected at the
four nodes where the grid lines intersect. The square grid pattern is relevant to a
two-dimensional land surface. This procedure was applied for sampling the soils in the exposed
trench floor following waste retrieval. To identify the location of sample points in the square
grid pattern, the location of the first sampling point (i.e., grid node) is chosen randomly, and the
rest of the grid is established with lines parallel to the boundaries of the trench.
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Figure A-1. Curves Relating LIG to Consumer's Risk, P, for Different Target Shapes when Sampling is on a
Square Grid Pattern (after Zirschky and Gilbert (1984), Figure 3).
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A.3 11OT-SPOT SIZE

The length of the semimajor axis of the ellipse (i.e., the size of the hot spot) must be defined.
The method used to detect the possible presence of a hot spot will be collection of soil vapors at

depths of 1.8 m (6 fl) and 3.7 m (12 fl) and radiation surveys of the retrieved sampling

equipment. If hot spots are detected, subsequent soil samples may be collected to represent the

first 15.2 cm (6 in.) of soil in contact with buried waste. Because the sampling grid used will be

augmented by sampling points related to visual observations of the substrate soil, a rather large

hot-spot size can be selected. For this activity, the distance of the semimajor axis of the ellipse
of interest, L, will be assumed to be 5 m (16 ft). If it is assumed that the shape of interest, S,
is 0.8 (i.e., the COMs have moved only slightly further in one direction from the point at which
the hot spot emanates than in any other direction), and the acceptable probability of not finding a

hot spot, which correlates to a false positive decision error, is 10 percent (this is a consumer's

risk, P, of 0.1), the value of JG determined using the nomograph is 0.627.

Using the value for LIG of 0.627, the grid spacing, G, can be resolved as follows:

G = 16feet =25.518feet. Equation A-2
0.627

Using this sampling design will require collecting samples every 7.78 m (25.518 fl).
For practical purposes, a grid spacing distance of 8 m (25 ft) will be used, which would
correspond to a slight decrease of the semimajor axis size of interest to 4.78 m (15.67 ft).
The shape of the trench bottom following waste retrieval is expected to consist of sloping sides

and a relatively flat bottom. Because detection of residual contamination resulting from leaking
waste containers is most likely in the lowest elevations of the trench bottom, the sampling grid

will be applied only to the bottom of the trench and not to the sloped sides. Therefore, sample

collection will be conducted starting at a randomly chosen location within an 8 m (25-fl) arc
from the southwest comer of the relatively flat bottom of the empty 218-W-3A Burial Ground
trench, then once at the nodes of a grid oriented parallel to the trench sides, spaced every 8 m

(25 ft) apart. If burial ground COCs are detected in soil vapor or beta-gamma radiation surveys
at any of the sample collection locations, soil samples may be collected, or decisions about how

to move forward will be determined, in accordance with the cleanup processes set forth in the

Resource Conservation and Recovery Act of 1976 and/or the Comprehensive Environmental
Response, Compensation, and Recovery Act of 1980.

A2.0 REFERENCES

Comprehensive Environmental Response, Compensation and Liability Act of 1980,
42 USC 9601 et seq.

D&D-23105, 2005 (anticipated), Data Quality Objectives Summary Report for the 218-W-3A
Burial Ground Contaminant Release Investigation, Rev. 0, Fluor Hanford, Inc., Richland,
Washington. A
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Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order,
2 vols., Washington State Department of Ecology, U.S. Environmental Protection
Agency, and U.S. Department of Energy, Olympia, Washington, as amended.

Resource Conservation and Recovery Act of 1976,42 U.S.C. 6901, et seq.

Zirschky, J., and Gilbert, R.O., 1984, "Detecting Hot Spots At Hazardous-Waste Sites,"
Chemical Engineering 91: 97-100.
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APPENDIX B

CROSS-REFERENCE BETWEEN THE U.S. ENVIRONMENTAL PROTECTION
AGENCY QUALITY ASSURANCE PROJECT PLAN AND FIELD SAMPLING

PLAN REQUIREMENTS AND THE 218-W-3A BURIAL GROUND
SAMPLING AND ANALYSIS PLAN
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APPENDIX B

CROSS-REFERENCE BETWEEN THE U.S. ENVIRONMENTAL PROTECTION
AGENCY QUALITY ASSURANCE PROJECT PLAN AND FIELD SAMPLING

PLAN REQUIREMENTS AND THE 218-W-3A BURIAL GROUND
SAMPLING AND ANALYSIS PLAN

In 1988, the U.S. Environmental Protection Agency (EPA) published EPA/540/G-89/004,
Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA,
Interim Final. This document stated that a sampling and analysis plan consists of two separate
documents: a field sampling plan and a quality assurance project plan (QAPP). In 2001, the
EPA published EPA/240/B-01/003, EPA Requirementsfor Quality Assurance Project Plans,
EPA QA/R-5, and in 2002 the EPA published EPA/240/R-02/009, EPA Guidancefor Quality
Assurance Project Plans, EPA QA/G-5. These recent documents expand on the guidance
provided in the 1988 EPA guidance document (EPA/540/G-89/004). Most notably, the 2001 and
2002 documents take the elements defined in the 1988 guidance document, which required both
a field sampling plan and a QAPP, and combine them into one document. Thus, the EPA's 2001
and 2002 direction implies that only a single document is required for each sampling and
analysis activity. To alleviate confusion between the old and new nomenclature, this sampling
and analysis plan, along with the accompanying data quality objectives (DQO) summary report
for this activity (D&D-23 105, Data Quality Objectives Summary Report for the 218-W-3A
Burial Ground Contaminant Release Investigation), includes all the elements required in a
QAPP and in a field sampling plan, regardless of which EPA guidance is followed.
To demonstrate this compliance and to aid readers in locating specific information of interest, a
cross-reference between the EPA 1988 guidance document (EPA/540/G-89/004), the EPA 2001
requirements document (EPA/240/B-01/003), the EPA 2002 guidance document
(EPA/240/R-02/009), and the DQO summary report (D&D-23105) and the sampling and
analysis plan prepared for this activity is provided in Table B-1.

t In this sampling and analysis plan, the quality assurance project plan is referred to as the QAPJP. In the referenced
EPA documents, however, the term quality assurance project plan is referred to as the QAPP. In this appendix, the
acronym QAPP is retained when referring to the quality assurance project plan described in EPA documents.
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Table B-I. Comparison of Quality Assurance Project Plan Elements in EPA/240/B-01/003 and
EPA/240/R-02/009 to EPA/540/G 89/004 and to the Data Quality Objectives Summary

Report (D&D-23105) and this Sampling and Analysis Plan. (3 Pages)

QAPP Elements from QAPP Elements from Applicable Sections from DQO

EPA/240/R-02/009 EPA/540/G-89/004 (D&D-23105) and/or this SAP

A. Project Management

Al Title and Approval Sheet Title Page SAP Title and Approval Sheet

A2 Table of Contents Table of Contents SAP Table of Contents in
Ilanford Document Control
Format

A3 Distribution List NA SAP Distribution

A4 Project/Task Organization 2. Project Organization and DQO Data Quality Objective
Responsibilities 1.6 Team Members and Key

Decision Makers

AS Problem 1. Project Description DQO
Definition/Background 1.0 Step 1 - State The Problem

SAP
1.1 Background

1.2 Contaminants of Concern

1.3.1 Statement of the Problem

A6 Project/Task Description I. Project Description DQO
1.0 Step 1 - State The Problem

SAP
1.0 Introduction

A7 Quality Objectives and 3. Quality Assurance Objectives SAP
Criteria for Measurement 1.3 Data Quality Objectives

2.1 Analytical Performance
Requirements

AS Special Training NA NA
Requirements/Certification I I

A9 Documents and Records NA SAP
2.5 Data Management

B. Measurement/Data Acquisition 1

BI Sampling Process Designs NA SAP
(Experimental Designs) 3.1 Sampling Objectives

B2 Sampling Methods 4. Sampling Procedures SAP
3.1 Sampling Objectives

B3 Sample Handling and Custody 5. Sample Custody SAP
2.9.2 Sample Identification

2.9.4 Sample Custody

2.9.5 Sample Containers

0
B-2
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Table B-I. Comparison of Quality Assurance Project Plan Elements in EPA/240/B-01/003 and
EPA/240/R-02/009 to EPA/540/G 89/004 and to the Data Quality Objectives Summary

Report (D&D-23105) and this Sampling and Analysis Plan. (3 Pages)

QAPP Elements from QAPP Elements from Applicable Sections from DQO
EPA24/B-011/003 and EPA/S40/G-891004 (D&D-23105) and/or this SAP

EPA/240/R-02/009

B4 Analytical Methods 7. Analytical Procedures SAP
2.1 Analytical Performance

Requirements

2.2 Field Quality Control

B5 Quality Control 9. Internal Quality Control SAP
22 Field Quality Control

B6 Instrument/Equipment 6. Calibration Procedures . SAP
Testing, Inspection, and 11. Preventive Maintenance 2.1 Analytical Performance
Maintenance Requirements

SAP
2A On-Site Measurements

Quality Control

B7 Instrument/Equipment 7. Analytical Procedures SAP
Calibration and Frequency 9. Internal Quality Control 2.1 Analytical Performance

Requirements
SAP
2.4 On-Site Measurements

Quality Control

B8 Inspection/Acceptance of 9. Internal Quality Control SAP
Supplies and Consumables 2.9.6 Inspection/Acceptance

Requirements for Supplies
and Consumables

B9 Non-Direct Measurements 12. Data Assessment Procedures DQO
Table Existing Documents and
1-5 Data Sources for the 218-

W-3A Burial Ground
3.3 Computational and Survey

and Analytical Methods

BIO Data Management 8. Data Reduction, Validation, SAP
and Reporting 2.5 Data Management

C.: Assessment/Oversilg

CI Assessments and Response 10. Performance and System SAP
Actions . Audits 2.8.1 System and Performance

Assessments
13. Corrective Actions SAP

2.8.2 Corrective Actions

C2 Reports to Management 14. Quality Assurance Reports SAP
2.8.3 Reports to Management

D Data Validation and Usability

DI Data Review, Verification, 8. Data Reduction, Validation, SAP
and Validation and Reporting 2.6 Validation and Verification

J12. Data Assessment Procedures Requirements
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Table B-1. Comparison of Quality Assurance Project Plan Elements in EPA/240/B-01/003 and
EPA/240/R-02/009 to EPA/540/G 89/004 and to the Data Quality Objectives Summary

Report (D&D-23105) and this Sampling and Analysis Plan. (3 Pages)

QAPP Elements from QAPP Elements from Applicable Sections from DQO
EPA/240/B-011003 and EPA/540/G-891004 (D&D-23105) and/or this SAP

EPA/24OIR-021009 _____________ ____________

D2 Verification and Validation 12. Data Assessment Procedures SAP
Methods 2.6 Validation and Verification

Requirements
D3 Reconciliation with User 12. Data Assessment Procedures SAP

Requirements 2.7 Data Quality Assessment

DQO - data quality objectives (document).
NA - not applicable.

QAPP - quality assurance project plan.
SAP - sampling and analysis plan.

REFERENCES

D&D-23105, 2004, Data Quality Objectives Summary Report for the 218-W-3A Burial Ground
Contaminant Release Investigation, Rev. 0, Fluor Hanford, Inc., Richland, Washington.

EPA/240/B-01/003, 2001, EPA Requirements for Quality Assurance Project Plans,
EPA QA/R-5, U.S. Environmental Protection Agency, Office of Environmental
Information, Washington, D.C.

EPA/240/R-02/009, 2002, EPA Guidancefor Quality Assurance Project Plans, EPA QA/G-5,
U.S. Environmental Protection Agency, Office of Research and Development,
Washington, D.C.

EPA/540/G-89/004, 1988, Guidance for Conducting Remedial Investigations and Feasibility
Studies under CERCLA, Interim Final, OSWER 9355.3-01, Office of Solid Waste and
Emergency Response, U.S. Environmental Protection Agency, Washington, D.C.
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1 Background

The 200-SW-2 Operable Unit (OU) landfills, also known as the low-level burial grounds (LLBGs),
received about 450,000 m3 (588,577 yd 3) of a heterogeneous mixture of solid waste during various
operating periods that began in the mid-1940s and ended around 2005. All landfill waste included within
the scope of the 200-SW-2 OU has been buried in trenches that were designed and constructed to varying
lengths, widths, and depths to comply with U.S. Department of Energy (DOE) disposal requirements.
Approximately 60 percent of the waste placed in these landfills was from the Hanford Site 200 Area
processing facilities. Some waste came from the 100 and 300 Areas, and a smaller fraction came from
other Hanford Site areas and various offsite generators.

1.1 200-SW-2 Operable Unit Landfills Overview

Sites included in the 200-SW-2 OU primarily consist of constructed (e.g., vertical pipe units and caissons)
or excavated sites (landfills) that received either low-level waste (LLW) or mixed waste. the sites also
were used for the storage of retrievably stored waste (RSW). Large landfills, each consisting of a number
of trenches, were used in the 200 East and 200 West Areas. While storage and retrieval activities are
ongoing in multiple trenches, only three trenches continue to be used for disposal-the lined Trenches 31
and 34 in the 218-W-5 Landfill and Trench 94 in the 218-E-12B Landfill. The landfills received wastes
such as contaminated equipment, solid laboratory or process waste, and clothing. Before 1970, LLW was
disposed to the same landfill trenches as waste that would have contained transuranic elements and/or
mixed fission products (MFP). After 1970, waste that was designated as RSW was segregated in either
specified landfill trenches or underground concrete caissons in the 200-SW-2 OU landfills. Wastes were
largely solid materials and mostly from onsite, but offsite and small quantities of liquid wastes
(tightly packed, generally absorbed, and sealed in drums) are known to have been placed in the landfills.
The 200-SW-2 OU landfills are among the largest waste sites at the Hanford Site, and some cover
many acres.

1.2 Mixed Waste Management

Mixed waste is defined as low level radioactive waste that also contains dangerous and/or hazardous
constituents. In anticipation of the potential for mixed waste to be subject to the Resource Conservation
and Recovery Act of1976 (RCRA), radioactive waste disposal operations undertook the practice of
segregating LLW from mixed waste in July 1986.

1.2.1 Regulatory Requirements for Mixed Waste Disposed Before August 19,1987
Based on 52 FR 15937, "Radioactive Waste, Byproducts Material Final Rule, the radiological
constituents of mixed waste are governed by the Atomic Energy Act of 1954, and the chemical and
hazardous constituents are governed by RCRA. The Washington State Department of Ecology (Ecology)
is authorized by the U.S. Environmental Protection Agency (EPA) to implement the federal hazardous
waste rules in Washington State. This is done through WAC 173-303, "Dangerous Waste Regulations,"
which implements RCW 70.105, "Hazardous Waste Management," as amended.

In order to obtain authorization for mixed waste from EPA, RCW 70.105 was amended in July 1987 to
incorporate the definition of mixed waste.

In November 1987, EPA authorized Ecology to regulate mixed waste in lieu of federal regulation.
Subsequently, representatives from the DOE Richland Operations Office (DOE-RL), Westinghouse
Hanford Company, EPA Region X, and Ecology met to discuss the strategy needed to handle the mixed
waste that was being generated at the Hanford Site. The resulting strategy, effective January 15, 1988,
allowed all containerized mixed waste generated onsite (except for remote-handled [RH] waste and
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ignitable waste) to be consolidated for temporary aboveground storage on retrievable storage pads. Mixed
waste generated offsite could not be accepted for storage, except on a case-by-case basis with concurrence
from EPA and Ecology, until the radioactive mixed waste storage buildings were in place. These new
storage buildings were placed in service beginning in 1989 and are now part of the Central Waste
Complex (CWC).

Finally, in September 1996, agreement was reached with the U.S. Attorney General that the effective date
of regulation1 for mixed waste in Washington State is August 19, 1987. Land disposal restrictions to
mixed waste became applicable over time as the national capacity variance for a treatment standard
expired. Today, all land disposal restrictions apply to mixed waste in Washington State.

1.2.2 Regulatory Requirements for Mixed Waste Disposed After August 19,1987
Mixed wastes that were disposed after the effective date, in accordance with all applicable standards,
should be regulated in the same manner as other treatment, storage, and/or disposal (TSD) unit landfills
(i.e., there is no requirement to remove wastes at closure). However, post-effective date wastes that were
disposed in a manner inconsistent with regulatory requirements applicable at the time of disposal
potentially are subject to enforcement action, possibly including investigation and cleanup to standards
that exceed TSD unit landfill closure standards. In other words, mixed waste disposed after the effective
date of regulation are required to comply with standards that are applicable at the time of disposal
(e.g., land disposal restrictions and minimum technical requirements).

There are five unlined LLW landfills in the central part of the Hanford Facility (200 East and West Areas)
where mixed waste was disposed to trenches within the landfills after the effective date of mixed waste
(August 19, 1987). Table 1-1 identifies the landfills and trenches where the mixed waste was disposed.

Table 1-1. Landfills Containing Post August 19, 1987 Mixed Waste

Landfill Trench Number(s)

218-E-10 9a

218-W-3A 6S, 19

218-W-3AE 8, 5

218-W-4C NC, 14 , 5 8b

218-W-5 22

a. This trench has two containers that are recommended to be redesignated as LLW by this report.

b. Trenches 14 and 58 contain waste that is recommended to be redesignated as LLW by this report.

LLW = low-level waste

NC = Naval Reactor Compartment Trench

1 The State of Washington has informed the U.S. Department of Energy via letter (Ecology, 1996, "Concerning the
Effective Date for Mixed-Waste Regulation") that the effective date for mixed waste regulation in the State of
Washington is August 19, 1987.
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2 Treatment, Storage and/or Disposal Unit Landfills

This chapter describes each of the landfills that, based on a review of burial records and associated
container inventories, are considered to be potentially regulated under RCRA. These disposal locations
have been referred to as "Green Islands."

2.1 218-E-10 Landfill

The 218-E-10 Landfill (Figure 2-1) began service in 1955 and ended service in 2000. The landfill covers
22 ha (56 ac) and contains RH, contact-handled unsegregated waste, and LLW. These dimensions include
an unused annex. The 218-E-10 Landfill is located approximately 610 m (2,000 ft) northwest of the
B-Plant and directly west of the 218-E-5A Landfill. The landfill received waste, mostly from the
Plutonium-Uranium Extraction (PUREX) Plant, B Plant, T Plant, offsite (mainly Formerly Utilized Sites
Remedial Action Program waste), and the 100 Area (mainly N Reactor waste). The 218-E-10 Landfill
consists of 13 trenches running north-south, and one trench running east-west.

Waste forms include failed equipment and mixed industrial wastes (e.g., concrete canyon cover blocks,
centrifuge blocks, tubing bundles, jumper vessels, pumps, columns, and filters). The trenches contain
LLW, mixed waste, and unsegregated RH waste.

Trench 9 currently is identified as containing some mixed waste disposed after the effective date of mixed
waste regulation. These containers are detailed in Table 2-1.

Table 2-1. Green Island Container Summary for the 218-E-10 Landfill

Green Landfill Container Container
Island and Trench Identification Size and

No. No. Generator Number Weight Waste and Radionuclide Information
* Contains paper products, plastic, cloth,

Standard stainless steel, other metal, and lead
c Container designates as mixed waste

concrete due to 240 lb (>100 ppm total
Hanford 202A-87-021 S burial box concentration) of lead waste

01 218-E-10-T09 PUREX/202 (202A-WHC- 22' 7" x I *, Curie content: 37 Ci Sr-90, 37.5 Ci
A 87-1) 8 X 10, Cs-137, and other MFP for 150 Ci total

* Dose rate: 90 mR/hr on contact at time

76,000 lb of burial
* Additional information is provided in

the burial record(s) in Appendix A
* Contains paper products, plastic, cloth,

stainless steel, other metal, and lead
Standard 0 Container originally designated as
concrete mixed waste due to lead; redesignated

221B-87-0100S) burial box as low level only waste due to small

02 218-E-10-TO9 Hanford B (221B-WHC- quantity (4.8 lb) of lead (<100 ppm total
Plant/221B 87- - 22' 7" x 1 ' concentration)

n87-2) 8" x 10' * Curie content: 1,000 Ci MFP total
* Dose rate: 10 mR/hr on contact at time

68,000 lb of burial
* Additional information is provided in

the burial record(s) in Appendix A

2-1
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Table 2-1. Green Island Container Summary for the 218-E-10 Landfill

Green Landfill Container Container
Island and Trench Identification Size and

No. No. Generator Number Weight Waste and Radionuclide Information
* Contains stainless steel, concrete debris,

other metal, and lead
Standard

c Container designates as mixed waste
concrete due to a 270 lb lead (>100 ppm total

Hanford 202A87- burial box concentration) counterweight
03 218-E-10-T09 PUREX/202 0232S) 2 Curie content: 22.5 Ci Sr-90, 22.5 Ci

A 87-3) 82 X 10 Cs-137, and other MFP for 90 Ci total
- Dose rate: 12 mR/hr on contact at time

77,500 lb of burial
* Additional information is provided in

the burial record(s) in Appendix A

* Contains paper, plastic, cloth, wood,
concrete, asbestos, stainless steel, other
metal, and lead

Standard * Container originally designated as
Stndrde mixed waste due to lead; redesignated
burel boxas low level only waste due to small

Hanford B 221B-87-0118S burial box quantity (2.2 lb) of lead (<100 ppm total
04 218-E-10-T09 Plant/221B (221B-WHC- 22' 7" x 11' concentration)

87-3) 8" X 10, Curie content: 3,750 Ci Sr-90, 3,750 Ci
Cs-137, and other MFP for 15,000 Ci

77,500 lb total
* Dose rate: 3,000 mR/hr at 3 m (10 ft) at

time of burial
* Additional information is provided in

the burial record(s) in Appendix A

* Contains paper, plastic, cloth, stainless

Standard steel, other metal, and lead
c Container designates as mixed waste

burial box due to 40 lb lead (>100 ppm total

Hanford B 221B-87-0133S concentration) wool and wiring
05 218-E-10-TO9 Plant/221B (221B-WHC- 22' 7" x I *, Curie content: 5 Ci Sr-90, 5 Ci Cs-137,

87-4) 8 X 10 and other MFP for >20 Ci total
* Dose rate: >5 R/hr at contact at time of

80,000 lb burial
* Additional information is provided in

the burial record(s) in Appendix A
* Contains HEPA filters, rags, paper,

plywood, plastic, rubber, grout, and

Burial box stainless steel

made of * Originally designated as mixed waste

plastic and due to the presence of Di-octyl

fiberboard Phthalate (CAS# 117-84-0) as a

placed in Washington State carcinogen. The
Hanford B trench and regulatory status of this chemical has
Plant/225B 271B-91- grouted. changed since the carcinogenic criteria

06 218-E-10-T09 (WESF)/271 000289 was removed from WAC 173-303,
B Support 19'8" x 7, "Dangerous Waste Regulations," and is
Building 8" x 10' 8" now regulated as a toxic constituent

(Toxic B). The weight percent of this

148,000 lb constituent (6.53 kg [0.0097 wt%]) falls

including below regulatory levels as a Washington

added grout State toxic and, therefore, no longer
designates as mixed waste.

* Curie content: 204 Ci Cs-137 and 333
Ci Sr-90 for 537 Ci total.
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Table 2-1. Green Island Container Summary for the 218-E-10 Landfill

Green Landfill Container Container
Island and Trench Identification Size and

No. No. Generator Number Weight Waste and Radionuclide Information
* Dose rate: 5 R/hr at 1 m (3.28 ft)
* Additional information is provided in

the burial record(s) in Appendix A
* Contains HEPA filters, rags, paper,

plywood, plastic, rubber, grout, and
stainless steel

Burial box * Originally designated as mixed waste

made of due to the presence of Di-octyl

plastic and Phthalate (CAS# 117-84-0) as a

fiberboard Washington state carcinogen. The

placed in regulatory status of this chemical has
Hanford B trench and changed since the carcinogenic criteria
Plant/225B 271B-91- grouted was removed from WAC 173-303 and is

07 218-E-10-T09 (WESF)/271 000B90 now regulated as a toxic constituent
B Support 000290198 x 7 (Toxic B). The weight percent of this
Building 1908" constituent (6.53 kg [0.0097 wt%]) falls

below regulatory levels as a Washington

148,000 lb State toxic and, therefore, no longer

including designates as mixed waste.

added grout 0 Curie content: 152 Ci Cs-137 and
248 Ci Sr-90 for 400 Ci total

* Dose rate: <3 R/hr at 1 m (3.28 ft)
* Additional information is provided in

the burial record(s) in Appendix A

CAS

HEPA

MFP

ppm

Chemical Abstracts Service

high-efficiency particulate air

mixed fission products

parts per million

PUREX= plutonium-uranium extraction

WESF = Waste Encapsulation and Storage Facility

2.2 218-W-3A Landfill

The 218-W-3A Landfill (Figure 2-2) was placed in service in 1970 with a reported end date of 1998.
The 218-W-3A Landfill covers 22 ha (54 ac), and contains unsegregated waste, LLW, mixed waste, and
RSW (Solid Waste Information and Tracking System database). This landfill is west of the
221-T Building and immediately north of the 218-W-3 Landfill. The landfill consists of 57 trenches of
varying sizes. Portions of 13 trenches contain RSW, which is out of the scope of this report because it will
be removed under Tri-Party Agreement (TPA) (Ecology, EPA, and DOE, 1989a, Hanford Federal
Facility Agreement and Consent Order) Milestone M-91-40/41.

Most of the waste in this unit is from the 100 Area, various facilities in the 200 West Area, the 300 Area,
and the tank farms. A small portion is from offsite facilities, and the remaining portion is from
Hanford Site facilities in the 200 East Area and other miscellaneous site locations.

Trenches 6 and 19 currently are identified as containing some mixed waste disposed after the effective
date of mixed waste regulation. These containers are detailed in Table 2-2.
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Table 2-2. Green Island Container Summary for the 218-W-3A Landfill

Landfill Container Containe
Green and Identification r Size and Waste and Radionuclide

Island No. Trench No. Generator Number Weight Information
0 Contains dry coolant pump, filters,

metal tubing, asbestos, vent screens,
fission chambers, wood bracing, and
uncontaminated lead (730 lb) as
shielding

Metal box 0 Originally designated as mixed waste

BETTS MIN- due to the presence of lead. However,

08 218-W-3A- Bettis Atomic 87-1 10'4" x 5' the lead is used for its intended
TS6 Power Lab -4" x 5' 9" purpose as radiological shielding;

(6511-4) therefore, this container is no longer
9,775 lb designated as mixed waste

0 Curie content: 1.57E-02 Ci total
0 Dose rate: 45 mR/hr on contact at

time of burial
0 Additional information is provided in

the burial record(s) in Appendix B
Five 55-gal e Each of the 5 containers holds
drums conwed pads, iron, galvanized sheet,

paper/cardboard, and sorbed liquid
1,500 lb 0 Containers are designated as mixed
total weight waste due to the presence of toluene

09 218-W-3A- Hanford 300 340-87-0199S (individual - Curie content: MFP 5 mCi
TS6 Area/340 container 0 Dose rate: 1 mR/hr on contact at time

weights are of burial
not 0 Additional information is provided in
recorded on the burial record(s) in Appendix B
burial
records)
Fifteen 0 Each of the 15 drums contains sludge
90-gal contaminated with heavy metals,
fiberglass absorbent, and plastic
drums 0 Containers are designated as mixed

waste due to the presence of heavy
15,000 lb metals, including barium, cadmium,

10 218-W-3A- Hanford 1608D-87- total weight chromium, lead, mercury, and silver
TS6 1608D 0004S (individual - Curie content: MFP 43.8 mCi total

container 0 Dose rate: 30 mR/hr on contact at
weights are time of burial
not
recorded on
burial
records)

0 Each of the 3 drums contains

Three absorbent, glass, and sorbed liquids

55-gal 0 Containers are designated as mixed

340-87-0222S drums waste due to the presence of dioxane

11 218-W-3A- Hanford 300 340-87-0223S and naphthalene (340-87-0222S),
TS6 Area/340 340-87-0224S 3571b toluene (340-87-0223S), and

297 lb hydraulic oil (340-87-0224S)

71 lb 0 Curie content: each container has
MFP 5 mCi

0 0.5 mR/hr at contact at time of burial

218-W-3A- Hanford 1608H-87- Nineteen 0 Each of the 19 drums contains sludge
12 TS6 1608H 0004S 90-gal contaminated with heavy metals,

fiberglass absorbent, and plastic
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Table 2-2. Green Island Container Summary for the 218-W-3A Landfill

Landfill Container Containe
Green and Identification r Size and Waste and Radionuclide

Island No. Trench No. Generator Number Weight Information
drums 0 Containers are designated as mixed

waste due to the presence of heavy
19,000 lb metals, including barium, cadmium,
total weight chromium, lead, mercury, and silver
(individual - Curie content: MFP 4.40E-02 Ci
container 0 Dose rate: 20 mR/hr on contact at
weights are time of burial
not 0 Additional information is provided in
recorded on the burial record(s) in Appendix B
burial
records)

0 Contains paper, plastic, metal, and
amalgamated mercury contained in
commercial spill kit

* Container is designated as mixed
55-gal waste due to the presence of mercury

13 218-W-3A- HfrdFP 2345Z-87- drum (1 lb)
TS6 Hanford PFP 0026S

90 lb 0 Curie content: MFP 1 mCi total
0 Dose rate: 1 mR/hr on contact at time

of burial
0 Additional information is provided in

the burial record(s) in Appendix B

222-86-13 0 Each container holds plastic, conwed

222-86-14 pads, and sorbed liquid organics,

222-86-16 Twelve including acetonitrile, xylene, and

222-86-17 55-gal miscellaneous organics

222-86-23 drums 0 Containers are designated as mixed

218-W-3A- 222-86-24 waste due to the presence of sorbed
14 TS6 Hanford 222-S 222-86-25 Drums organic liquids

222-86-26 range in 0 Curie content: MFP 1.0 E-07 per

222-86-27 weight container

222-86-28 from 180 lb e Dose rate: 0.1 to 3 mR/hr at time of

222-86-32 to 264 lb burial

222-86-33 0 Additional information is provided in
the burial record(s) in Appendix B

0 Drums -236S and -237S contain
plastic, assorted metal, and lead; all
other drums contain glass, conwed

340-87-0236S Eight pads, and sorbed liquid

340-87-0237S 55-gal 0 Drums are designated as mixed

340-87-0238S drums waste due to the presence of lead

218-W-3A- Hanford 300 340-87-0239S (>100 ppm total concentration) and
15 TS6 Area/340 340-87-0240S Drums sorbed pseudocumene

340-87-0241S range in 0 Curie content: Drums -236S and -

340-87-0242S weight 237S have 0.1 m Ci Co-60; all others

340-87-0243S from 325 lb contain 0.1 m Ci MFP
to 1,000 lb 0 Dose rate: 1 mrem/hr at contact at

time of burial
0 Additional information is provided in

the burial record(s) in Appendix B
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Table 2-2. Green Island Container Summary for the 218-W-3A Landfill

Landfill Container Containe
Green and Identification r Size and Waste and Radionuclide

Island No. Trench No. Generator Number Weight Information
0 Each of the drums contains silica gel,

Thirty asphalt, blacktop, metal, tar, plastic,
55-gal and dirt contaminated with tritium

9002-1 Series drums 0 Containers are designated as mixed
(see Appendix waste due to the presence of tar and

16 218-W-3A- LBNL B for individual Drums asphalt
T19 container range in 0 Curie content: 800-1,000 Ci tritium

identification weight per drum
numbers) from 277 lb e Dose rate: 0.03 mrem/hr at 1 m

to 381 lb (3.28 ft) at the time of burial
0 Additional information is provided in

the burial record(s) in Appendix B

LBNL = Lawrence Berkeley National Laboratory

MFP = mixed fission products

PFP = Plutonium Finishing Plant

ppm = parts per million

2.3 218-W-3AE Landfill

The 218-W-3AE Landfill (Figure 2-3) covers approximately 23 ha (57 ac), began receiving waste in
1981, and stopped receiving waste in 2004. The landfill contains mixed waste and LLW, including large
contaminated equipment. The 218-W-3AE Landfill is located directly east of and adjacent to the 218-W-3A
Landfill in the 200 West Area. The location designated as the 218-W-3AE Landfill includes an area that
previously had been used as a portion of the 216-T-4B Seepage Ponds for T-Plant condensate effluent.
The pond area often was dry, because the majority of the effluent was absorbed in the 216-T-4-2 Ditch.

The irregularly shaped landfill consists of eight trenches of varying sizes. Trenches 5 and 8 are wide-bottom
stacking trenches and contain large equipment, such as portions of rail cars. Trench 26 was dug with a
wide bottom to dispose of large tanks. The landfill received miscellaneous wastes such as rags, paper,
rubber gloves, disposable supplies, and broken tools as well as industrial waste such as failed equipment,
tanks, pumps, ovens, agitators, heaters, hoods, jumpers, and accessories. All trenches received RH LLW.

The waste is mainly from the 100 Area, 200 East and West Areas, 300 Area, and other miscellaneous
Hanford Site areas and facilities, such as the tank farms and the 1100 Area. The remaining portion is from
offsite generators, the major contributors being Energy Systems Group, Argonne National Laboratory,
Fermi National Accelerator Laboratory, and Battelle Columbus.

Portions of Trenches 5 and 8 contain mixed waste, as detailed in Table 2-3. A small amount of RH RSW
is stored at this landfill. The RSW will be removed and repackaged for disposal.
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Table 2-3. Green Island Container Summary for the 218-W-3AE Landfill
Green Container Container
Island Landfill and Identification Size and

No. Trench No. Generator Number Weight Waste and Radionuclide Information
* Drums contain absorbents, plastic, and

metal cans contaminated with tritium
RTL0194 Sixty-three * The debris was accepted as low-level
Series (see 55-gal drums only waste, but later declared mixed
Appendix C waste by the generator

17 218-W-3AE-T08 LBNL for individual Drums range * Curie content: 80-200 Ci tritium per
container in weight drum at time of burial
identification from 200 lb to * Dose rate: <0.02 mrem/hr at contact at
numbers) 284 lb time of burial

* Additional information is provided in
the burial record(s) in Appendix C

Forty-three * Drums contain natural uranium,
55-gal drums depleted uranium, cloth, metal, paper

6803-1 Series and plastic debris, and silver
(see 6,985 lb total * Containers designate as mixed waste
Appendix C weight due to the presence of silver

18 218-W-3AE-T05 TRW, Inc. for individual (individual * Curie content: 255 mCi U
container container * Dose rate: 1.2 mR/hr at surface at time
identification weights are of burial
numbers) not recorded * Additional information is provided in

on burial the burial record(s) in Appendix C
records)

* Drum contains plastic, diatomaceous
earth, and aluminum nitrate

* Container designates as mixed waste

55-gal drum due to the presence of aluminum
Hanford 2345Z-87- nitrate (20 lb)

19 218-W-3AE-T05 10l
PFP 027S 1901b C urie content: <2 nCi Pu

* Dose rate: 1 mR/hr at surface at time
of burial

* Additional information is provided in
the burial record(s) in Appendix C

* Drums contain plastic, lead, absorbent
material, beryllium, and
absorbed/neutralized hydrochloric acid

* Drums are designated as mixed waste
Two 55 gal due to the presence of lead (>100 ppm

Hanford 340-87-0246S drums total concentration) and beryllium
20 218-W-3AE-T05 300 340-87-0247S (WT02)

Area/340 34-704S 250 lb (T2
320 lb * Curie content: 5mCi MFP in each
300 lb container

* Dose rate: 0.5 mR/hr on contact at
time of burial per container

* Additional information is provided in
the burial record(s) in Appendix C

LBNL

MFP

PFP

ppm

Lawrence Berkeley N ational Laboratory

mixed fission products

Plutonium Finishing Plant

parts per million
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2.4 218-W-4C Landfill

The 218-W-4C Landfill (Figure 2-4) started receiving waste in 1978 and stopped receiving waste in 2005.
The landfill covers approximately 18.6 ha (46 ac) and contains RSW (some combustible) and test reactor
fuel waste (DOE REG-0271, Low-Level Burial Grounds Fact Sheet). The largest portion of the 218-W-4C
Landfill is located west and southwest of the Plutonium Finishing Plant. A smaller unused section

(218-W-4C Annex) is located directly south of the plant, and north of 16th Street. The 218-W-4C Landfill
contains LLW, RSW, and mixed waste. Fifteen trenches have been used for waste storage and/or disposal.

Trenches 1, 4, 7, 20, 29, and the east end of Trench 24 contained RSW waste. Trenches NC, 14, 19, 23,
28, 33, 48, 53, and 58 and the remainder of Trench 24 received LLW. In addition, some wastes in
Trenches Naval Reactor Compartment Trench (NC), 14, and 58 currently are identified as containing
mixed waste, as detailed in Table 2-4.

The northernmost trench (Trench NC) contains a number of core barrels originating from the
U.S. Department of the Navy. Trench 1 contains drums generated from mining the 216-Z-9 Crib and
approximately 500 cans of ash received in the early 1980s. The ash was generated by the 232-Z Waste
Incinerator Facility, which incinerated miscellaneous waste (e.g., rubber gloves, rags, paper, spent
solvent, and cutting oils).

2.5 218-W-5 Landfill

In 1979, a large area adjacent to the northwest corner of the 200 West Area was annexed and designated
the CWC (also known as the 218-W-5 Landfill) (Figure 2-5). The landfills stopped receiving waste in
2004. The landfill is at the southwest corner of the intersection of 2 7 h Street and Dayton Avenue.
This landfill began receiving waste in 1985 and covers 38.5 ha (95 ac). Within the large annex, 38 ha
(94 ac) currently are permitted as a LLW landfill. Original plans called for the area to contain 18 LLW
trenches and 4 mixed waste trenches. The landfill was expanded by annexing land to the west and north
and was designed to contain 56 trenches, all oriented east-west. Of these, only 11 LLW trenches were
constructed and received waste.

Trenches 31 and 34 are large rectangular excavations in the southwest corner of the 218-W-5 Landfill,
currently operated as disposal units for mixed waste. They are out of the scope of this report, as both are
RCRA TSD landfills. The trenches are constructed with polyethylene liners and leachate collection systems.

2-10



DOE/RL-2014-43, REV. 0

ttV7- "W7-7'v
- -- ---- - - - - - -*

02
TOS

Green Islands #18-20

T05

TOS

Green Island #17

T16=

T10

218-W-3AE

W7-6 W7-8

W7-10

r T13

W10--

0 Monitoring Well

~& Decomntissioned Well

Well prefix '299-' omitted

Post-August 19,1987 Mixed Waste

Radioactive Solid Waste

Unused Waste Area

Waste Site

Aerial Imagery from April 2012.

0 50 100m --

L --~
0 100 200 300ft

CHSGW20140274 PR TWXD CH G2140274

Figure 2-3. 218-W-3AE Landfill

2-11

\----7

E



DOE/RL-2014-43, REV. 0

Table 2-4. Green Island Container Summary for the 218-W-4C Landfill

Green Container Container
Island Landfill and Identification Size and

No. Trench No. Generator Number Weight Waste and Radionuclide Information
* The waste is a non-containerized reactor

pressure vessel containing lead shielding
(8,000 lb)

17' x 40'- * Originally designated as mixed waste due to
17' the presence of lead. However, the lead is

nonta.nr. used for its intended purpose as radiological

21 218-W-4C- Shipping 8901-02-1 containeriz shielding; therefore, this container is no
T14 Port ed longer designated as mixed waste

equipment * Curie content: 1.65E+04 Ci MFP at burial
1.8M lb including Co-60, Ni-63, Fe-55, Ni-59

I Dose rate: 6 mR/hr at contact at time of
burial

* Additional information is provided in the
burial record(s) in Appendix D

* Box contains rubber, mild steel, stainless
steel, carbon steel, and lead (15,800 lb)

* Originally designated as mixed waste due to
Lead the presence of lead; however, the lead is
shielded used for its intended purpose as radiological

218-W-4C- Hanford box with shielding (therefore, this container is no
22 T58 300 324-88-OO1OS carbon longer designated as mixed waste)

Area/324 steel 11'6" * Curie content: 1,250 Ci Cs-137 at time of
x 5'1" x burial
5'2" * Dose rate: 35,000 mR/hr contact dose rate

at time of burial
* Additional information is provided in the

burial record(s) in Appendix D
Nine 55-gal e All containers hold pyrofoam, absorbents,
drums plastic, and metal contaminated with tritium

RTL- and * The debris was accepted as LLW, but later
RTH- Series Twenty- declared mixed waste by the generator
(see three * Curie content: 1,000 Ci tritium per

23 218-W-4C- LBNL Appendix D 150-gal container at time of burial
TNC for individual Enduropaks . Dose rate: <2 mrem/hr at contact at time of

container burial
identification Weight * Additional information is provided in the
numbers) ranges burial record(s) in Appendix D

from 264 lb
to 613 lb

LBNL

LLW

Lawrence Berkeley National Laboratory

low-level waste
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A small portion of Trench 22 is currently identified as containing mixed waste, as detailed in Table 2-5.
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Table 2-5. Green Island Container Summary for the 218-W-5 Landfill
Green Container Container
Island Landfill and Identification Size and

No. Trench No. Generator Number Weight Waste and Radionuclide Information
T All containers hold paper, tar, diatomite,

Twenty- silica gel, steel, and plastic
9002-02 Series four 55 gal 0 The debris was accepted as LLW, but later

EeAppendix drums declared mixed waste by the generator.

24 218-W-5-T22 LBNL individual Weight murie content: 800-1,000 Ci tritium per

container ranges du

identification from 253 0 Dose rate: 0.03 mrem/hr at contact at time of

numbers) lb to burial

375 lb 0 Additional information is provided in the
burial record(s) in Appendix E

I lL = I aweeBrkele Naqtinal Labnratnr

LLW = low-level waste
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3 Green Islands

This chapter describes a reevalution of each of the Green Islands that were initially considered to be
regulated under RCRA, This section provides the results of this evaluation and proposes the redesignation
of several of the landfills and the regulatory rationale.

3.1 Designation of Green Island Waste

Mixed waste disposed after August 19, 1987, is subject to the RCRA TSD standards. Mixed waste
disposed to the RCRA landfills after the effective date of regulation historically have been coded on
RCRA Part A Permit application maps with the color green. These disposal locations have been referred
to as "Green Islands." Technically, "Green Islands" are subject to regulation as RCRA landfills.

The area where waste was disposed is referred to as Green Islands. These unlined trenches of the landfills
were originally designated as containing LLW. After burial, the waste was reclassified as mixed waste for
the following reasons:

* Certain waste that was disposed during a three-month period in 1987. The effective date of mixed waste
regulation was changed from November 23, 1987 to August 19, 1987. The waste disposed during this
period was deemed mixed waste by the U.S. Attorney General's Office on September 24, 1996.

* Mixed waste was disposed to unlined trenches in the landfills in 1988, 1989, and 1993. This practice
was administratively discontinued on January 11, 1996, when DOE informed Ecology that mixed
waste disposal would comply with all applicable requirements.

* Certain Lawrence Berkeley National Laboratory (LBNL) waste was disposed as LLW in 1990, 1994,
and 1995. Subsequent to burial, LBNL informed DOE that additional process knowledge resulted in a
mixed waste designation.

3.2 Redesignation of select Green Island Waste

A review of burial records and associated container inventories was performed in an attempt to ensure
that containers associated with Green Island waste are, in fact, regulated under RCRA. This review
identified several containers of Green Island waste that will be redesignated as non-mixed, low-level only
waste. These containers and the associated regulatory justification for redesignation are presented in
Table G- 1 in Appendix G.

3.3 Green Island Waste Disposition
As noted in Table G-1, seven waste containers associated with the Green Islands will have their status
changed from mixed waste to LLW. DOE-RL will submit a letter to Ecology stating that the containers
are no longer considered RCRA waste and will not be managed as such.

For the remaining Green Island containers, the information in Table G-1 will be used to evaluate costs
associated with continued RCRA monitoring versus full retrieval of the waste and storage in the CWC
pending treatment and final disposal. A regulatory path forward for disposition of the Green Islands is
provided in Section 3.4.

Container inventory and burial coordinates were obtained from a review of burial records generated upon
receipt of the waste at each of the five landfills. These records are provided in Appendices A through F.
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3.4 Regulatory Path Forward
In support for the revision of the Hanford Facility RCRA Permit (WA7890008967, Hanford Facility
Resource Conservation and Recovery Act Permit, Dangerous Waste Portion, Revision 8C, for the
Treatment, Storage, and Disposal ofDangerous Waste), the current Part A Form for LLBGs will be
changed to two Part A Forms: one will include the three operating trenches (Trenches 31 and 34 in
200-W-5 and Trench 94 in 200-E-12B), and the other one will be for the Green Islands. The burial
grounds and trenches will be considered part practice units.

3.4.1 Regulatory Alternatives
Two alternatives have been evaluated to address a regulatory path for closure or remediation of the mixed
wastes placed in the unlined trenches of the LLBGs. Alternative A evaluated the ability to reclassify the
mixed waste buried in the unlined trenches from TSD units to past-practice units via Article IV
Section 19 of the TPA (Ecology et al., 1989a). This alternative would allow the mixed waste buried in the
unlined trenches to be managed under the RCRA corrective action provisions in WAC 173-303-64620,
"Requirements," via an applicable or relevant and appropriate requirement (ARAR) in the 200-SW-2 OU
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) activity.

3.4.1.1 Alternative B evaluated RCRA permitting the TSD units identified in the unlined trenches
but deferring the closure and post-closure requirements to the past-practice remedial
action for the 200-SW-2 OU as an ARAR in accordance with WAC 173-303-610()(e),
"Closure and Post-Closure. "Alternative A: Corrective Action

Under this alternative, DOE will obtain formal agreement with EPA and Ecology to unify corrective
action of the LLBGs by addressing all mixed waste disposal under Article IV Section 19 of the TPA
(Ecology et al., 1989a). This action would remove the existing designation, as TSD units, of the several
limited LLBG segments where mixed wastes were disposed after August 19, 1987. All of the
past-practice trenches, including these segments, would be governed under the corrective action
provisions of the TPA (Ecology et al., 1989a).

* Article 1, paragraph 2 of the TPA (Ecology et al., 1989a) states that Ecology is responsible for
implementing RCRA at the Hanford Site and allows for Ecology and DOE to determine the best
approach for dangerous waste management either through establishment of TSD units or past-practice
units subject to corrective action. Section 5.2 of the TPA Action Plan (Ecology et al., 1989b, Hanford
Federal Facility Agreement and Consent Order Action Plan) allows for the establishment of TSD
units and past-practice units.

* Section 7.4 of the TPA Action Plan (Ecology et al., 1989b) provides the process for corrective action
of past-practice units. Corrective Action for the area of the LLBGs in which regulated waste was
disposed post-August 19, 1987 would be processed in accordance with this section.

* Section 7.5 of the TPA Action Plan (Ecology et al., 1989b), "Cleanup Requirements," requires DOE
to comply with identified ARARs during the cleanup or remediation activities. For the area of the
LLBGs in which regulated waste was disposed post-August 19, 1987, the substantive requirements of
the RCRA Corrective Action Program will be integrated under the CERCLA activity (i.e., 200-SW-2)
OU CERCLA remedial investigation/feasibility study (RI/FS) process.

* Hanford Facility Dangerous Waste Permit (WA7890008967), Condition II.Y.2 includes the allowance
for corrective action to be addressed under other cleanup authorities or programs under the TPA
(Ecology et al., 1989a), provided that alternative is protective of human health and the environment.
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* Section 7.5 of the TPA Action Plan (Ecology et al., 1989b), "Cleanup Requirements," requires DOE
to comply with identified ARARs during the cleanup or remediation activities. For the area of the
LLBGs in which regulated waste was disposed post-August 19, 1987, the substantive requirements of
the RCRA Corrective Action Program will be integrated under the CERCLA activity (i.e., 200-SW-2)
OU CERCLA RI/FS process.

* Hanford Facility Dangerous Waste Permit (WA7890008967), Condition II.Y.2 includes the allowance
for corrective action to be addressed under other cleanup authorities or programs under the TPA
(Ecology et al., 1989a), provided that alternative is protective of human health and the environment.

3.4.1.2 Implementation Path for Alternative A
1. DOE would submit a formal letter to Ecology and EPA that in accordance with the TPA

(Ecology et al., 1989a), DOE is requesting the subject LLBGs past-practice trenches, including all
former TSD unit segments, be addressed as past-practice units under the corrective action
requirements in accordance with Permit (WA7890008967) Condition II.Y.2. The corrective action
would be accomplished via Section 7.4 of the TPA Action Plan (Ecology et al., 1989b) and would
require the substantive requirements of the RCRA corrective action program in WAC 173-303-64620
to be integrated under the CERCLA activity as an ARAR.

2. Ecology and EPA would agree to the DOE request to address the subject LLBGs trenches and
segments as past-practice units as a CERCLA remedial action using the substantive requirements of
the RCRA corrective action program integrated as an ARAR.

3. A TPA (Ecology et al., 1989a) change request would be prepared, submitted, and approved to modify
Appendix B and Appendix C of the TPA Action Plan (Ecology et al., 1989b) to reclassify the
respective LLBGs from TSD units to past-practice units.

- Appendix B, Group Number D-2-9 (LLBG) would be revised by removing 218-E- 10,
218-W-3AE, 218-W-3A, and 218-W-4C as TSD units. Note that 218-W-5 and 218-E-12B would
remain since they have current operating mixed waste unit trenches.

- Appendix C would be revised by removing the "**" reference in the 200-SW-2 OU on waste unit
names 218-E-10, 218-W-3AE, 218-W-3A, and 218-W-4C. The "**" reference for the 218-W-5
and 218-E-12B would remain since Trench 94 is still an operating TSD unit. Additionally, the
"**" on 218-W-4B would be removed from the 200-SW-2 OU listing. 218-W-4B was originally
identified as a TSD unit based on a protective filing due to the uncertainty of the waste placed in
the trenches. Since then, it has been determined that there were no mixed wastes placed in the
trenches after the effective date of the mixed waste regulations, August 19, 1987.

4. The LLBG RCRA Part A forms, or portions thereof, would be modified to eliminate the subject
LLBGs as TSD units.

5. The 200-SW-2 OU CERCLA RI/FS documentation would be updated to reflect the classifying the
entire trench as past-practice.

6. The substantive requirements of the RCRA corrective action program (WAC 173-303-64620) would
continue to be used the 200-SW-2 OU CERCLA RI/FS process as an ARAR.

3.4.1.3 Draft Language into the Permit and/or TPA to Implement
No additional draft language is needed for the Hanford Facility Permit RCRA Permit (WA7890008967).
No draft language is needed for the TPA (Ecology et al., 1989a). Current TPA (Ecology et al., 1989a)
milestones for the 200-SW-2 OU are adequate.
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3.4.2 Alternative B: Permit Deferral to Past Practice
Continue to maintain the subject areas in the LLBGs in which regulated wastes were disposed
post-August 19, 1987 as a TSD unit under the RCRA. Closure/post-closure plans would be developed and
incorporated into the reissued Hanford Facility Dangerous Waste Permit (WA7890008967). Since the
subject trench segments as TSD units are small as compared with the entire trench past-practice units,
the closure/post-closure plans for the trench segments TSD units would defer to the past-practice remedial
action for the 200-SW-2 OU past-practice trenches using WAC 173-303-610(1)(e) as a basis for
implementation. The substantive portions of the RCRA closure and post-closure activities would be
included as ARARs, including substantive RCRA final status landfill closure and post-closure
requirements, and would be included in the 200-SW-2 OU remedial action documentation.

3.4.2.1 Regulatory Basis
Because waste disposed post-August 19, 1987, is of limited extent and dispersed within areas of
past-practice disposal, alternative closure and post-closure requirements may be applied in accordance
with WAC 173-303-610(1)(e). Deferral by the closure and post-closure plans to the 200-SW-2 OU
CERCLA remedial action documentation would be consistent with WAC 173-303-610(3)(a)(ix) and
WAC 173-303-610(8)(b)(iv). Regulatory citations are provided in the following bullets.

* WAC 173-303-610(1)(e), Applicability, states in part; "(e) Except for subsection (2)(a) of this
section, the director may, in an enforceable document, replace all or part of the requirements of this
section and the unit-specific requirements referenced in subsection (2)(b) of this section with
alternative requirements when he or she determines:

- A dangerous waste unit is situated among other solid waste management units or areas of
concern, a release has occurred, and both the dangerous waste unit and one or more of the solid
waste management units or areas of concern are likely to have contributed to the release; and

- It is not necessary to apply the requirements of this section (or the unit-specific requirements
referenced in subsection (2)(b) of this section) because the alternative requirements will protect
human health and the environment."

* WAC 173-303-610(3)(a)(ix), Closure of Plan; Amendment of Plan, states in part; "(ix) For facilities
where the director has applied alternative requirements under subsection (1) (e) of this section,
WAC 173-303-645 (1)(e), or 173-303-620 (8)(d), the closure plan must include either the alternative
requirements or a reference to the enforceable document that contains the alternative requirements."

* WAC 173-303-610(8)(b)(iv), Post-closure Plan; Amendment of Plan, states in part; "(iv) And, for
facilities where the director has applied alternative requirements under subsection (1) (e) of this
section, WAC 173-303-645 (1)(e) or 173-303-620 (8)(d), the post-closure plan must include either the
alternative requirements or a reference to the enforceable document that contains the alternative
requirements."

* The TPA Action Plan (Ecology et al., 1989b) acknowledges the fact that minor TSD units may be
part of the larger past-practice OU. Section 5.4 "Management of Past-Practice Units" of the TPA
Action Plan (Ecology et al., 1989b) states in part, "If an operable unit consists primarily of
past-practice units (i.e., no TSD units or relatively insignificant TSD units), CERCLA authority will
generally be used for those past-practice units." The subject areas of the LLBGs that mixed waste was
disposed of post-August 19, 1987 are insignificant to the total area of the past-practice units.
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3.4.2.2 Implementation Path for Alternative B
1. Closure and post-closure plans would be developed and would specifically defer to the 200-SW-2 OU

CERCLA remedy as alternative requirements in accordance with WAC 173-303-610(1)(e).

2. The Hanford Facility RCRA Permit (WA7890008967), Part V and Part VI would be modified to add
the closure/post-closure plans for these TSD units incorporating the deferral under
WAC 173-303-610(1)(e) to the 200-SW-2 OU remedial action documentation.

3. The 200-SW-2 OU RI/FS documentation would be updated to reflect this closure approach for the
TSD unit trench segments.

4. The substantive requirements of the RCRA landfill closure, WAC 173-303-6 10 and
WAC 173-303-665(6), "Landfills," would be integrated in the 200-SW-2 OU CERCLA remedial
action process as an ARAR.

3.4.2.3 Draft Language into the Permit and/or TPA to Implement
No additional draft language is needed for the Hanford Facility Permit RCRA Permit (WA7890008967).
No draft language is needed for the TPA (Ecology et al., 1989a). Current TPA (Ecology et al., 1989a)
milestones for the 200-SW-2 OU are adequate.

3.4.3 Recommended Alternative
Although both alternatives provide legitimate and defensible regulatory paths, Alternative B is
recommended for implementation based on the higher probability of Ecology's acceptance of the approach.
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Appendix A

218-E-10 Green Island Waste Burial Records

A-i



DOE/RL-2014-43, REV. 0

This page intentionally left blank.

A-ii



DOE/RL-2014-43, REV. 0

KJ

3rd QUARTER 1997

IND 200a 010 T09 ( 07)

NO ACCNT WEIGHT ISO

1 KP 76000.00 SR
CS

()'A-? 2|3 CI

WST
QUANTITY TCH rYP BG COM

37,50000 T09 I 010 WHC

37.50000
150.00000

76000.00

C.

A-1

202A -WHC

DISPOSE
DATE LOCH

091587 0001

CU. FT. TYPE

2632.80 IN

2632.80...TOTALS. . .



DOE/RL-2014-43, REV. 0

Plea. prini or bee. (Form designed fot US lote ura12-pltchi typewrIler) Fo- m- preve Exp,? -ac
UNIFORM HAZARDOUS 1 Generaers US EPA ID No Manist Docum eni No. F I P t Okir 44Elo 7ae -rs

WASTE MANIFEST 7' o 7 m// . not rquiedbyFederal aw3. Ganertor's Name and Maling Address r
20Z4 Z e5 4M/oo -O

4. Generators Phorn 5amr 
-Trans-porte ropanyNameo * US EPA ID Number

7. Transporter 2 Company Name . US EPA ) Number St j u

5. Designated Factity Nsme and Ste Address 10. USEPAt10tNumoer I Ff200 
.a 

* 
..et. . USEPA ..mbr

Lurd 4oo~A As -co ?f.. 90
1 t US COT Description (including Proper Snipping Name Hazard Class and D Number) TUContaaners

No. T a QuanTit WN
gop o~Qar vA .iX4$

T b.
0

C.

d.

15. Special Handling Instruct ion I and Addctionc e uc b e yptron

shtppin Iam F nd II Ir clss e b ecare tat Wcotents of this consignment are iul y, and accurately described achv - ypoe
shIpptIg namre and are clausified. pce, marked. and labeled, end are in alt respects in Proper conditon lot transport by highway sc-cordingto applicable international and national government regulatcns.
Unlee tame small quantity generator who hats been exempted by statute or regulation from the duly to mok. a waste minimization certification
under Section 3002(b) of RCtA. I also certify that I ta e a program in plc- to reouce the volume and toxicity of waste generated to the deg're
I trove determIned to be economically preticable and I he selacld the method ot treatment. storage. or dJsosel currently available to mewhich wirrimlu the present and uiture threat to humn health and the environment.PrintedfFypeo Name Signature Month Day Year

Transporter cknow edgement of Race p ofr Materials
A Printedrryped Name re month Dey Veer

/ 1 m2o ateralsy
T PrintedlTyped am .gnature 

Morh Day Yea,
9, Discrepancy indication Space.--

?

1ty0 Facl Ow er ai L eC.ic.p of64 
EParou mateiam covered [by INS5 Panifest exdp ase note ibItem 1,

ORIGIl

A-2

I



DOE/RL-2014-43, REV. 0

17ockiell Hanford 'Operations

LA

C

SOLID WASTE BURIAL RECORD - LOW LEVEL

USE BLACK SALL POINT PEN OR tyPE SWBIR NO./-

DISPOSAL SITE This per'nl,t, . co,,* WASTE GENERATOR: .R-k-11 Riv- ta 1 et DJsonsai cit.. - -6 7,;Area bural around No. T..nuh N Charge Code OE utharirn41 No.

S0A86 "I AIr /
Caisson No. Seelenlng Coordiqs.,

Ending Ceurrllsenes 1±.W 557 I certify that; 1, No capital Property is included in this burler Urldss
.. W..Idocumentud by a Property Disposal Recuest aid described bolow.

enah 2. Tho waste package description below is corpler and the waste
package conlorms to RHO-MA-222 and the appro;.ed Burial Compl-

S sntur - ccetane -Do.e anca:Chackshaet (IBCC)
Si tur .. auDThe charge code is correct.

Signature - riatAsl ROT" Data

WASTE DESCRIPTION CONTAINER INFORMATION
COMBUSTiBLE MATERIALS NONCOMBUSTIBLE MATERIALS Quantity & Name Han lord Standard

Paper Products % Gisu f - O5 G Fs B

Plietric % Coectete % Othr:& ea r a AurL 0|,-

Cloth -% Stainless Steel %

Rubber % Olhe, Metals ACt Ao'roo' Number ose Ra - ParlegoL / 2A- I C. M0 L nrrnrh at _ra A
%ameter or Length x Width Height

% % /

96 5% Matorist of Cunitruction s

6 $ CT .N.tpl

Total TD I Total Nlec TrsniNo Property Disosal Reqesl No.

HAZAROOUS/COPROSIVE CONSTITUENTS - Tors, AUtiff.- Pounds
Name Quancily {Lb or Volume Gros% Weight fKlogramns

- WASTE CATEGORIES: Rermarks -+

I w DDS

X E cr ss
(DO C1 NC

W A niifit -or less JZ V -
- -_ Other

RADIOACTIVE MATERIAL CONTENT
TRANSURANIC AND URANIUM NONTRANSURANiC

Total GramsElement Isotopic Distribution IWs %I Element Isotope

Tetals

R~f7,7//fC4/A A.7/77777/

Measuremert Method: 0 t mined By

DiSTRIMUTION: Whiie - SWPDU 2750-E(200 E
Canary . TFS 272-W/200 W
Pink - Return to Shipper 20C-W

I-, 64Ilino sai (1 05

A-3

I1



DOE/RL-2014-43, REV. 0

Rockwell Hartord Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

- --------- .T EG ENEWT -.IDISPOSAL SITE -n - - E

= .! IL, -- -- ,----- -- 4 Ti 4

- E -_-

--- 
* es;

e- -2s .; ,, G

C*US ATE . . .. . ---. : i G

-
5 ___0 - _ - - 2 ~(

------------ ec.m-Pre

-- - -- -. .-- - - - -. .-------- ;r.- M W

- - T A CoNT-

- Thb

ti- - -er-

- - --- I-- .- t1 6

A-4



DOE/RL-2014-43, REV. 0

DISPOSE
DATE LOGN

101587 0002

@ TOTALS...

4th QUARTER 1987

202A -WHC

CU. FT.

2632.80

TYPE NO ACCNT WEIGHT ISO

IN 1 KPKA2 77500.00 SR
CS

-Q0<21f- f7- 4,2 3,2 S cI

2632.80

WST
QUANTITY TCH TYP BG COM

22.50000 T09 I ;10 WHC
22.50000
90.00000

77500.00

A-5

IND 200E 010 T09 ( 87)



DOE/RL-2014-43, REV. 0

P'asemrntnor trpe teermades aearoiausesn etl.nl pcnlmynewnrte. -in A-'.*.,i .. E ~~c F q.

UNIFORM HAZARDOUS 1 Generator s Cs A a , 2
WASTE MANIFEST / - o. I d7 / aa

3 Generalor's Na eand Mailing Address A tate Manit DocumentNumber

4 2 C4F T State GeneratorsiD
4 Generator's Phone( 1 3 7 it

a ae 6 US EPA 0 Numbe

- &/-XA11 gAfL'IC4 -;106

Sate Trans

Transporter ittompany Name A UStPAIUNumber E, StateTrans
F. Transporters

9 Designated Facility Name and Site Address US E PA ID NuMber G. Statelacit

-Z 
t g O.j Cn ye s 13

1 I US DOT Description (including Proper Shlpprig Narre Hazaro Class r N er 12 Conainers 
T oal

No-, . T pe _u

e c 4uAe aerA _0.C</2

J. Additino rl , ions for Materials Listed Above
L' Z/

pone(s lo

s Phone

S ID

Ino

3-376'4
- Waste No

eK-

1K. Hndling Codes for Wastes Listed Above

15. Special Handling Insiructions 815d Additional Inforniatlon

16 GENERATOR'S CERTIFICATIONi: i hredy dcllare tha: tiranenl ol this consignment are aully anT a:cura:el; abov o5c :'b'yshipping narne and are classiteC packed. marked arc acne: an: are in all mesoects . arorer cnon I- - ra,
to applicable international and national government reg.a:'o-
Unless I am a small Quantity generator who has been e'-ce: cv stature rduty - -.under Section s2(orof RCRA. latsocertrlyaihar e A-- nplce toreducerhe ,-oLme aot

I have deternined to e economically practicabte anc: "aoe tde eth treatment Storage c:- ,ja tce
rr'Ct minrizes the present and future threat to Pima- "ea an- nelen ironmen

Pn:efly Tpeo Name

T 17 Transporter t Acknowiedgement ol Recet of Materia s P
RSjA Pnirtede aned Name 

-- - a*, e - a,

c TBi porter ? Acknowlecgemen; of Rece.p of retea.r
r frmtediTyped Nian,

- 9 Discrepancy Indication Space

C

20 FacttyO wnercr Operator Cericaton 01 receot of nararcovs mcrail coverec by tis maniles e s -: -

S Printed/Typed Name siwture

Si, e F 5.R-6 Lanimasrer. Dv c Afe";a, Lath-ar Cc Inc 5064 EPA F, P Al - i

TRANSPORTER -1

A-6

d

-

9

C
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4th QUARTER 1987

IND 200E 010 T09 ( 89)

DISPOSE
DATE LOGO

101907 0003

111787 0004

WST
CU. FT. TYPE NO ACCN'T WEIGRT ISO QUAHTITY TCH TYP BG COM

2476.00 IN 1 WD21W 68000.00 SR 3750.00000 T09 I 010 WHC
CS 3750.00000
CI 15000.00000

2476.00 IN 1 WD21W 80000.00 SR
CS

-07... A i a C

5.00000 T09 I 010 WHC
5.00000

20.00000

.TOTALS... 4952.00

221B -WHC

148000.00

A-7

C
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a2I/A- V 7-, / l 5A-
Rockwell Hanford Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

USE BLACK HALL POINT PE- OR TYPE SvwBR NO

DISPOSAL SITE TO" Por'-c. c0 "orn, to -. me V WASTE GENERATOR: -

A-*. Che* Co .rE Aro.rsl.on N
Asc g Bo..a Oreod No Tmancrr No. A.a'st* i.20o -11 ;LI 9"1& 0

C.-o. No Bag.nrnp Coordaas

C..-..- I cemily td, 1. No napta llit S4,I s*.Iilelltt.0r 1h,$ burial .,re
r- f dxOcamene br a Propery ind descrO,;d b.t r

Rerr'k - 2. Th Wam *ack gescr pl. r nI y is romplere aruif the Nare,
A I--pic"-oe to RHOMA t tj rnl aawrmed Bural Conrpt

Sonata' t A creolanc* Care ;rrrrcnar~ee e.a /C

Sira.w. 8r14 OliItsde dr y jr

I //- --- T !,re
WASTE DESCRIPTION CONTAINER INFO MATION
COMBUSTIBLE MATERIALS NONCOMBU5TIBLE MATERIALS Quanrt-tv \1a i ta1r

52 Govtr- .--. stie r,..r Bo'w
Paper P'oucts % Glan Drum l 12 24

Planc 1 Concre te / j
Cloth Slamenits Steel

Robber Other Metals cc AtV DO,, /0

Mater. & C01 .
.0 .. 'rtcrC ._________

Totar Total Nu a' T j n No. Paprrty Dip e quest Nc

HAZARDOUS - CORROSIVE CONSTITU5NTS .

Name Qua o Vtcte aii (ro.'.Wegr g O
WAS T

E C>C-GRrES Remarks

CZ c

Do
. tnat Powet:

0.1 wJt
2 

or leis
-- __ __ Othe-

RADIOACTIVE -MATERIAL CONTENT -

TRANSURANIC AND URANIUM NONTRANSUPRAIC

Tow1 Gram- 7d C
Eleme': Isomoic Districoution IWi t Etement hotp. or -

- At) . ( .

\'rtaernun- Motinoo lied BYl D A . I s o o c

DISToIB.TION. Wt - SWPCU 2750-E 200 E
Ca:a.- - TFS 272 W 200W
Pin . Retrn to Stinoir 2'0-W

54 3000 '81 - 95

A-8

-
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tz,/'6- C /IFS

ierce piriior lype IFovedeamened Ni use ourelsl t2-PhitoNI ypeunier:

~<lv rh
5
.5 ijOnraiin 0.; ~e ran Lavynak C; .'c

22 e/8-wU c -- 7-
Fun AimuvinenO uAi t 2000.0404Er. tSvBA

UNIFORM HAZARDOUS 1 Generators US EPA ID No Mar:es r.en No 2 t'iIii 1 I :ntuim aan in ins !haded m eas

WASTE MANIFEST 1 H& 789 000 8907 271-8-3 0t £ is not requred by Feder alaw

3 Urqnereflors Name and Mailing Address A. State Manilesti Document Number

E. A. Porter
27 /SmE B. Stai Qeneratoa's JD

4 Generators Phone 1 9 } 373-4380
5. Transporer I Company Name B US EPA ID rNint C. State Transportes ID

Mmatinmhfuse Hanford Ci[ A 789 000 8O 67 0 Tranaporters Phone (09 2-1
7. Tra1sponier 2 Company Name a .US EPA ID roe' E. State Transporter's ID

F. Transpor1er's Phone

9 Designaie(t Facility Name and Site Address 10 US EPA ID r.-lbr G. Stale Facility's ID

Bsrial Grounds H Fauly: Phone
200 East Aea MA iYUt)o 8967 H. ac __y' Ph na-2. ........... (w09) N3-5u8

2 Containers 13 14 1,
11 US DOT Descfiption (ncluding Proper Shipping Name Haad Class and 10 Nuroe a Total Uni Waste No.o -M-1No Type Quanity WL Al

tQ Waste Radioactive bdfioactivm UN 2962 8.660 x urN urni
Ne >(fterial rt

b . dsfitig Rat oactive Shfpmet toM 5318B
doted 10-19-87 for additional imfomatim.

d.

J. Additonal Descriptions for Materials Listed Above K, HaNling Codes Iar Wastes Listed Above

ApprozlmItely 1 1 l ain 311er *Mtrmig" frain Caiwoo,
Approimtoly .01 b4. ft. &sblstog 10 g10em JgUOR pers.

15. Special Handling Instructions and Additional Intormation

tE GENERATOR'S CERTIFICATION: I hereby declare that the contents of tmis cos-gnmet! ar fuily apvi acnrately ilscred above iy 'pi
shipping name and are ciassied. packed. marked: ard'abeled. and arin ali'rhsrcts .npiperconciorin 4r transport t hignway acriln
to applicable international and national government regulatrons
Uness I am a small uantty geneator who hasoeen exerpted ry statute or re-zg:4 4-;n-. inadwv to ma-e a waiemen.aon certili Z
under Section 3002tlot RCRA. I also certiy thatI nave arograr.m i-place-to rsrnene otime anc oi 35ist geratndto :hv cvee

I hav determined to be econonmicaly praCliCaie and i have setected fPe mevca 'ea:-nent. 51bie 0, dm0051 cut'eny eIacu'i . -e
vitich nintoizen the cresent and future tIrent to numan health aid 1he e Clet
Pr'ived.TypetName r Vomnih Dat -hra-

E t Ia:ta -0-71
T 17 Tranrporiei I Ackn:ri egement of Receipt ofMars ~

A Pro"tet:TyPed N."m Mn,-- la ear

19 Discrepancy Irication Space

C

20 Fat-:y Dier or D;e-aor Cer1iticto i eccyt cI aidois avria C : - s ; r :- 9

Ponte:yoe.- , - S, VC-y: Da,, Yea,

- -A I k)I /5I .i

TRANSPORTER

A-9

C

"' 1 1/ a-C .12 -- I- :' - 11.1 11, 1 1 1: % "
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ASBESTOS DISPOSAL' REQUEST

Tire Industrial Hygiene & Safety Department OH&S) of RockwelI Hanford Operations has control
o; abestos management at Hanford. Accordingly, IH&S has established tho followingy dispusl
repilirernents for asbestos at the KDXXU=IXKXAEEUU MN K: 20OE Burial Grounds

1 A radiation release must be obtained for any asbestos eminating from a Radiation Zone. N/A

2. Al asbestos material paceaged for disposal must be thoroughly vetted to eliminate any air
borne asbestos particles during transportation, handling, or burial.

3. Ail asbestos material must be doubted plastic bagged or wrapped 16 mil or equivalenti to
Rliminate any airborne asbestos particles. A scal to preclude environmental or personnel ex
>osure should be provided.

4 An accurate estimate of the asbestos volume must be provided along with the following in
formation:-

C

Generator's Name: _._E. A. Porter -B-Plant Operations

P';one Numrber,: 3-4380

Contractor Contracted By: hestinghouse Hanford Coayplany_

Iution. -, .~?2718/2WE Estimated Volume (0): .01

I n- read and accept responsibility for the above outlined requirements for disposal of asbestos
mrater-at

Generator Name: __

Dat: _10-19-87

T'- abnoe rsquirements have been met and the estimated volume appears correct,

200E Burial Grounds
UXNXZ Operator: _

Lil. ___

A-10
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Rockwell Hignford OperatiOns SOLID WASTE BURIAL RECORD - LOW LEVEL

USE BLACKC 0 1LL -7NT PEN OR TYPE swept No :,"-

DIPA on--R Wo' - 1C, WASTE GENERATOR: W0836DISPOSAL SITE ,,,.., . ,t.oNt

AG-a 6..I Groead No T,-ch NO W536 M_ _il N/_L

Ce.-.e Noemcorm-,- 271-8/200E
S/ __ _ w 73-2781

Eno COntOenltet
I . 5 .'39 55725 ' '. c i ct !a No a ,',IW"y i l'ded th m i t"' ' i' ,

doc!rnoniad tie. Proo-e'i shrw Request and descrbet htou ,
Remark, - 2 Thh le nactage tw ow A complete ant he asre

packagr conforms tin MO-MA 222 and twha dOPr-wr fhitia Cronep
areo Chetkin,- ' EICC

Ognaturo Lc r-nta Da - .3: The cratg' code - smo-f

Qn*Ca~~~~~J/ O1Sn j//-a 7-<-

Sr nattire

WASTE DESCRIPTION CONTAINER INFORMATION

COMBUS3IBLE MATRI[LS NONCOMBUSTIBLE MATERtALS Ot ty & m. H n iad

Pap-. Prodc- 4 G- 
. / e , 1N--C, 5

puse 5 co01eee eraneral Pisrive nr~jal Box
cloth Stades, Stee1 50
Rubb O~hir Wtzif 20 -t 1-2A-ICM-0 m n 5 t

Lead 1
% 22'-7" x 11 18 10'

concrete and steel
NTow _________ _ee No

Tots Mal, 71 N/A 88-4065
HAZARDOUS CORROSIVE CONSTITUENTS Tw P--d,

-! -'Lb , -. 24. t.3 s t24D..6fft O eor r

Lead 40 lb. PTE CATEGORES Remarks:

RA V CE 9ss

Thcrmak Pmwr:

Other

RADIOACTIVE MATERIAL CONTENT

TRANSURANIC AND URANIUM " -NONTPANSURANIC

To:a Goear
lement IsotoPiC Dstribmton WI l Erieen - Noope Ci

WellOl Car-es

NARnn /A- IAFP 20

Total - ,/A 20

MeasuremeT Mtenoa De"tieta By

estimate I A. ' '
DISTRIBUTION W~ite - SWPDU 2750-E 200 E

Canar- TFS 272-W:200 N
n . Reurn to Stpper 200.W

A-i 1

C,

5& 4000 581 7 85-
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Pt eiinipret ri e IFnrraes.gnesifonusennreite 2-iaulyewnil I n- ,.. nem arnn.C rn

SilrF Ihh SqS c e - ai r ;' - e' :. .a r -a' --. 555J

TRANSPORTER,*2

A-12

r, ,e 0 .i1

UNIFORM HAZARDOUS Ge'eratc-s US E PA ID No . Manesr Document 2 Page 1 intarmatanin the shaded areas
WASTE MANIFEST WA 789 000 8967 -2718-87-4 of 1I snorreqvreoayFederaiaw

S Generator'sNarne and Mailing Address A. State Manifest Document Number

K. A. Artz
2719/2B. StatAEensorsa eneratos onvd 4 g ig ~ q

5 Transprer I companr are 6 US EPA ID Numer C. State Transporters it

- UWnlnhol-e )adftys rnnu [ WA 7R9 ( W 7 D, TransportersPone I q gtA
Transpo-er 2tmpany Name 8 US EPA ID NrnbLr EDb-r LE SiateTranspeeaI

I .F. TransponrelsPhone
9 Desigriatel Factty Neme and Site Ada'ess to US EPA ID Noir 0. Slate Faclity's iD

Burial Grounds
200 East Area WA 789 000 8967 H. srcilIy'sPhone

12Conla-ler r3 4 M-48
1 S DOT Description Oncluding Proper S'npping Name, tifalrd Cles and ID Numboe T otal 2nC[ Wiae0 N4.
-O -- ...- ,. -:. NO i ype Doanmty WOi _

a. RQ Waste Radioactive Radioactive UN 2982 1 Con, 18.2 K 0008
X aterial. n.o.s. Material mltA

A- (FF.sadEI- E) -- 2
Tb I
o See Onsite Radloactice Shipment Record 23761

dated 11-17-87 for additional information.
C.

d. -

7

J. Addi onal Descripoions for Materials LUstea Above K. Handling Codes for Wastes Laited Above

Approximately 18.2K lead In lead wool and wiring.

15. Special Handhngq instructions andl Addlizonal Information

16. GENERATOR S CERTIFICATION: I heresy declare thal the contents of .irs cors.gnm2nnt a'n 3r A - c'a:eyq ce-d- above cy sopershippingrnime and are classitec. packe: marked. and labeiet anr aye nallrerpeclCS d' e : ::i:' :2rs6drt by nighwa:: Crding
to applicable international and nltiorir; ;overnment regulations,
Unless 1 3m a s-nai Qan'ty genera:o' .ro has een exempted by statue cr egv:sor. frome :-.c y :; ian a.as minimizatin cr:ai
uncerSecito-3002r -ot ACRA. I as ca:y that I have a program in D:rceic reaucetrng . s :- .. as e generalt:orie -egre

I li* -eA- nea i.-':e eco om:ca . :,acticabe and I have seleczec ;-e iretod o! t-ay-e-: Srzage n sosa cuurently ala a e ! r'"
me.!nfl~es tre preSett anlu.,e ' : C hunan healh and tV- annr -a-

-otcTye ae Signam mom. .. Va
Prime,~1 1,7e Na a" UKt. Lr i

17. Travsser A:Ncn ::gemen: -1 Rece:: o Mate17als
A Printen >ceo are ti t on 11 a, Ve'

O 18 Transa-e, Z Aur.-ecgemer:; R+ees N Macecaiss
N

C P'inev Tpc5 4ame I c naar - tntiCtoPI

1 DinCre.c ry 1'' ai4 SiaC eF

a

20. FactO n- :Oce-a-c- Cericatc- CeeiP of hazardo 2iensctceec C .- _ny !,, e a, -M. s - !em i?.
Prir:e: Tsev Nate signawe ont a e

S-, tKrr Clay Year. .
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SWITS LOG SHEETS 1993

Waste P W Accept PIN
Cmpy Bldg Area Type Type Facility Unit Date Number Volume
WH- 22-B ---E 2A M 2--E - -- / 7----B-------------- ----------
WHO 225B 200E 2A M 218010 T09 09/02/93 271B-91-000289 38.740

A- 13
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LOW-LEVEL WASTE STORAGEIDISPOSAL RECORDtleyv0. 91/gil

SloragstDhsp9al Site information 1. SWSDR No. (DO NOT WRITE IN THE SPACE)

I certify that a phyal Inspection of the waste package to the extent possible 9. PIN 271 Band a cross chec the eppicable documenrta"l have been performed ' 271B-91-zaccordance with SW 10 O6 or SW -i. 00-10. " - _& _N H U E H N O D C M
__________________________________ 10 Wat ''eao WESIINGHOUSE HANFORD COMPANY

2. Signature-Accsptance Dat. y .. 3 13 , Chage Code. SO No., or MPO No.

3. Area 4-6.4. FacuTty E . Uni T . 12. WRM No. A
. Storage Location (1) 13. Narne of Contact KENNETH I STRONG

Module TerPosition 14. AddresetPhone No. 271B/200E S6-60 372-0303
7- ~Disposal Location

Icemtfy that: (I I No capitel property Is Inchided In this waste unlae documntend06ginn~ing Coordinates if 45/Yr u 5 $ U- ( s p l uddr, w neBeginingCoodinaes N i.I by a7 FoetDisposal Request and deeedbed below. 121 To the beat of my5knowledge. the infornation entered below is complete and accurate. and the~ Cordnats wasta package Ie In oomplianca with WIIO-EP-OC6s end the StoragailleposaEnding Coordinates N W AISoDAR). 3 Unless designated a Radioactive Mhcd Waste(RMW). this waste Is not a dangawus waste as defined by Chapter 173-03REFERENCES WAC or other appksble state or federal regulation governing the munagement ofhazardous waste. 141 The charga code Is correct
10. RSRNo. 53601 17. SDARNo.05-9Q-IEM-030A n
I. DOE/NRC 741 No. N/A 19. PA No- N/A 15. Sionetre Date 9-j.473
20. Waste Designation E Category I Category 3 [] 5'Cegory 3 [ RMW ] Caalssd

21. forttof Origin 225B/20OF 30. Wasta Category 31. Was Category (Check one)
22. Contain.r TypOK- 3 FILTER BOX 23. L"or' 19'8X 7'8X 10'824.]B TW] 1082w [DO TcM! Q]HM 's Qrw24. ContherVor,.nerm

3 8 . 7 4  25. T Weight kg)17 2 5 2  E N DM E] LM fS WD
20. Data Packaged\ 27. DS nC DW LNa Due paea~g~d.# a . 93 2 m. W"O 'kll'' 84519, 8OD
25. Thermsl Power N/A7 < 0. 1 Wift

3 
29. o Rate (mrrmhl S6O) at . Seal o. N/A

WASTE CONTENTS DESCRFIPION

3. Article Description 3. 7 Cls 3 Weight )33.Ar~ce escip~o jtrnated Etrated fMl llsouIc~slc TU Urariumn and18UGM)Weiht 1kel Radonulid PI ut ony) Thrium ofty

12 HEPA FILTERS 3.30 217.70 Cs-137 204
DI-OCTYL PTHALATE 0.02 6.50 Ba-137 204
RAGSPAPER,PLYWOOD,PLASTIC,AND RUBBER 0.28 122.00 Sr-90 333
STAINLESS STEEL 44.5 2601.70 Y-90 333

GROUT (TO BE ADDED AT BURIAL TRENCH) 51.9 64319.91

39- 100 67267.8 Total

1074 A-6000-40 111/91)

A-14

1074

8. Page of 2
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I

A-15

-I

.1

RADIOACTIVE MIXED WASTE ATTACHMENT SHEET miEvo. 9 . Page Zof-
2. PIN 271 -9 -- K."9-1 7. Manifest No. Z4. ManIest t 0 -

5. Land Disposal Restricted source of Restriction 0 RCRA, O F-Listed, 0 ERW 6. Waste Designation

T. Waste nurbers that appLy to this package: iCOZ

WASTE DESCRIPTION

8. Haardfue Conetftnn"s t. wsight 10. Physical Propertles

c P afatt .53 Vot1 Pthalaft Ks aclea

kv porized 4 blown ibrousdh
htEPA f/tts.r A~ , eA4nit

Avotcnt rrmnrs in |
irv m z~ eck

pfal i p ic c j
alouv qd in stA. lt
D5-9QItlEM-030A-

.. A

TOTAL WEIGHT (Kg) 1- ,53
II. Estimated Liquid VotLne (Liters) 4D Fro,"' Li"uio

]
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Waste P W
Cmpy Bldg Area Type Type

WHC 225B 200E 2A M

SWITS LOG SHEETS 1993

Accept
Facility Unit Date

218E10 TO9 09/25/93

PIN
Number

27IB-91-000290

A- 16

Vol ume

46.310
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD
Itev0. 0 /1s1) U. Po of 2

StoragemDifeoaal Site hifornmlon 1. SWSDR No. (DO NOT WRITE HI THE SPACE)

I certify that. sphyuia e".ct o.n .of the wn package to the extent poasle . PIN -218-91000290anid a cross check of the applicable, documentation hae baen peonnroed In U___________________1_____
accordance with SW-100-M t SW-100-110. 2 w t. d WESTINGHOUSE HANFORD COMPANY

11- r. k. e e t SOR G W orO R M PM P A N2. Signature-Acceptne/Dee 11. there Code. SO No. MP No AI
3. Armas < 4. ""'",/r/ 6> . Unt -" 12. WRM No. N/A
6. Stmge Loodton (SOI) 13. Nane of Contect KENNETH 0. STRONG
Modqjle Tier Position 14. Address/PhoMna No. 271B/ZOOE S6-60 372-0303

7. Disposal Location
I certify that 11 Nlo cptal property in Inciudad In this waste unless doowuented

Bgining Coordinates N /w by . PrOpry 11101e06 PiWet an described below. (2) To the bat of my
_________________________51D_____5 WknS,5 Iowledge, the Intonnalo entered below Is colete ad acurate. end the

lg 5 .2- wflm Packap Is bn coreulence with WIIC-EP-0063 end the Stogedllaoas
Endng Cordlnate. N 1Wppl SOA Unlae desne a Radloctive Mixed Wase

IAW). l. waste les et a durgerue weete as defood by Chapter 173-303
REFERENCES WAC or other apploble xtate or federal regulation vovedng the roenagament of

______________________________________________ hoaadous Wto. 14) The charge coda is correct
IS. ASA No. 53611 17. SDANo.05-9Q-1EM-030A ___

18. DOENRC 741 NQN/A IS. PRNo. N/A I- Slna" " "I D o 9- -
20. Wate Designation 5 Category 1 g] Category 3 5 >Catgory RW 5 Csa 1.

21. PolmofOdg" 225B/200E 30. Watt Category 31. Wee. Category (Check on.

22. ctna.rTYK-3 FILTER BOX 23. LxWxH orDL ghX ' LO' ack QDD CL [OL QPA flS
24. ~ ~ ~ ~ ~ ~ ~ e CotifVlfm c32.11X 1X1t ]W D Elcm EM []PS C DTW

24. Corancvclwne m3
46 .3 1  25. T.Weolgit Uk17 25 2  - [Em NC 5 DM [ LM E] SL wo

2& [)at Ps"ckao /r5/93 2-7. Oro*Weightk8 4 5 1 9 .8 Eo flF [S M Fw l NC

2. Thermal Power N/A [fl<o.1 waj a DOe nets nramnhl <3000 at 1 m. 32. Sam No. N/A

WASTE CONTENTS DESCRIPTION

34. I 35.
athrtatad I Estimatead

Volrnaw M% I Weih to)f

12 HEPA FILTERS 3.30 217.70

DI-OCTYL PTHALATE 0.02 6.50

RAGS,PAPER,PLYWOOD,PLASTIC,AND RUBBER 0.28 122.00

STAINLESS STEEL 44.5 2601.70

GROUT (TO BE ADDED AT BURIAL TRENCH) 51.9 64319.9

Total 100 167267.8

36i~ca 37. Curee 36. Weight Ig)
(MY.taniunomri

Cs-137 152
Ba-137 152
Sr-90 248
Y-90 248

Total 800
A-0004-40 1191 .A

A-17

33. Article Descrlption
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RADIOACTIVE MIXED WASTE ATTACHMENT SHEET vo, smags
2. PWI 1 3. Maniert No. 4. Macmeet Data

5. C tend DiposeL Restricted Source of Rsstr ction C RCRA, C F-Listsd, C EHW 6. Wate Deugnation
N/C 111 Pu 5 D

Ii
ii

_______________________________________________________________ I ___________ ________________________________________________

A-18

7. Waste rambers that apply to this package:

WASTE DESCRIPTION

S. Hazardous Conatiuent 9. WeIght 10. PhysIai Properles

b;-ct1hal a- b-Oat+t-t. isa
_ _ _ _ _ _ far- bA Id ou in i ortiiia

_ ;at. Lt usets ist vi r mcrd S
aloua tkra f rPA litars,

050t+ A -- 3i0enS

p-g-~~1(1 -USDA
j

I

I
I
I

j
I

-f-i
TOTAL WEIGHT (Kg) 03

11to __ L (LotvFr_ idL
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Pease print or type. (Form designee for Lse on elite 112-pitch) typewriter) rorm Appmvea. oMBw NO 2050-rW39. tpes Y-JO9

16- OENCRATOR'S CERTIFICATION: I hereby decare that the coitentS 01 this cusignment are Ily and accuralely dintCri above by
yroper uhipping name and are rassiried. pacmonl. 'orkod anI aied ar i an erespects in proper conriiin lot trarnipor by hifhway
accordg o appticable internalional and riariorat girnment regulatiomn

it I an a large quanrity generator, I certify inta I have a program ' placs- to recoco the volume and lorily oi wmrle gererutud io the degree I have determined to ie
econorically practicable and thai I hee selrcted the practicable method I lreatmenr. storage, or dispusul currenily availatlte to me whiir minirrzes the present and

iture threat to Cuman health and lire ruirormeni OR, it I am a ml tr,,antily generator, I hane made a gued faith etort to minirmize my ,amp generaion arnt olecP
me bent waste tratNagaroni rmethod hal ms available to me and that I car alk.sd. t
Printed/Typed Name Signalr L

'.Ciitflttm.. 1_ ... AUi.

T 17. Transporter I Acknowledgementot Receiptot Materials

SPrinted/Typed Name - Signature Month Day Year

18. Transporter 2 Acknowledgement of-eceipt o Materials

Y Printed/Typed Name Signature Month Day Year

19. Discrepancy incdication Space

F
A
C

20. Facility Owner or Operator: Certification of receipt of hazardou; materials covered by this manifest except as rioted in [tem 19
PrT ed/Typed Name sigr ta 7 Month Day Year

I/ rr /4 t/e

o -4i 15 REV - i AFi MATFri rt AMiICAN t ARFt MARK CO CH0CAGO. 11 0to 1 d(r 62 1 -uliC

! R1 \PORTEo 0 1

A-19

V
Mori t1 Day Year

EPA frmvR7M0 
7
{nu IA.. i noi ,n, rn.

UNIFORM HAZARDOUS 1 Generator's US EPA lD NoM ent No. 2. Page I Information in the shaded areas
WASTE MANIFEST I A 71 10 1 10 13|91 72|2 9 9 4 of i is not required by Federal law.

3. Generator's Name and Mailing Address A. State Manifest Document Number
PlTENI T OF ENLEfrY, FIIl OFF'CE, :iGLAtL', 27'1T/0E

:.. ;C: 50, 2355 -TEV;: (i. F'R(l 40 9ii %2 8. State Generao'slD

4. Generator'sPhone( $'I ) 372-K:9 AT: K A. rur Sl3-60
5. Transporter I Company Name 6. US EPA ID Number C, State Transporter's ID
*FTL'Q a0USF T.RAISPONTI'TI2'' i 7 IDU U 10 1319 3 D, Transportefs Phone (509)376-p971

7. Transporter 2 Company Name B US EPA ID Number E. State Transporle)'s ID
I I F. Transportet's Phone

9 Designated Facility Name and Site Address 10. US EPA ID Number G. State Fectity's ID
ar[Gr'G 3 t iL L,, I il ' C und f
.JOE Io& H. Facits Phone
lt: Jcff Sclio~hara |WIA_ IUbLei7 (s09 373 s72

12. Containers 13. 14. 1.
1 US DOT Description (IncludIng Proper Shipping Name. Hazard Class and ID Number) Total Unit Waste No..

c -- No. Typj Quantity W/Vioi

N a. Pv *.. 1 I i/ 294' K KC02
E ill 'ijdcLV M&CCi dai I; 2%?

ACs-i37 Sr-90) (C ol fin. li--+ .'l ptmi u I .

T b.
0

C,

d.

J. Additional Descriptions for Materials isted Above K. Handling Codes for Wastes Listed Above
lla.#2718-91-000290 K-3 Filter packaged In a 19OB"x7'8"x140 h8 a. Store at 218-E-010

concrete box. Burial Grounds
Trench 09

15. Special Handling instructions and Additional Information

3 ;ifCi( r.OlT( -)tl **i *73-Titi utiJT / .
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Appendix B

218-W-3A Green Island Waste Burial Records
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-- .~-.>". C,-- ----------- -

3rd QUARTER 1987

fl METTS-MIN m1P 200W 03-

'f:Z4 DISPOSE
DATE LOG# CU, FT. TYPE NO ACClT WEIGHT ISO

062187 0001 317.00 TO 1 mI 9755.00 C060

4C

C oa CrALS... 317. 00

TS6 (114)

WET

QUANTITY TC TYP Sd COx

0.00680 TS6 No 03A MIN

0.01570
1.23000
0.00014

9755.00

C
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USE BLACK BALL POINT PEN"OR TYPE swa0 14. 010, -
A TE pt't", f"". WASTE GEN2ERtATOR MR ISLAND NAV SHIPY ARP

DSA L IT "I Ruri im n l At Tr b- 0- N/A IDO A.1-4to N-.11-4
tdd-os.s II.M - adts.rtAPhone - -

CalT-g No. MRE -Indn'S .. S
4 1 4D wL 1 / 646-3455

Ent- Cartily Ihlej j N a 1 P Mrp i It I.CiUded in this burial' unlss
- - - - - -d-tarnonud bry a P aPerty DhOk" . Requt and dwavrterd bilm;

- Re.ak The waei dsdp~eo's .- mpl d ti t e
- . si ee~~cni RHOMA-. ath, apoudBriC ps

- - anjand CCe -P

s .itr. - -t- -at. J. PALMAF

WASTE DESCRIPTION CONTAINER INFORMATION
CdMaBSTIBLE MATERIALS N ONCOMBUSTIBLE MATERIALS

Peper Proacts 9.44 Glass - %

Pitoic I ,O I Concrete

12.330 OtherMates ;:50
-~=-------'-'-----+ * . t-- -

StaDLn Ii.U0kI ASRESTflP
I %I LEAD

1.-
3.19,

0 ntlky St Name Hartod Bno er
0 Drums " x 1"a

other: METAL SHIPPING CONTAINER
DCC Applecet Natolior DOte lieu - --V

25-a K IAN-O - kr.rihro IAE-
Disreetr or troSa o WIdth l'e.

1240" LX- 64" -N 69" H

z

I

A

- .% I . b Mate al of C nTo, et on -. 2
- 7 ASTM A569. L101* CARBIN STEEL

-. N-y Awt No, r009rty Dinpes' Requedt No.

a VHAZARDOUSICORROSIVE CONSTITUENTS -. unds
TW 317 f.i'_7 3l oun.Nam - Quantiy (Lb or Kgt Gs Wgt 9775 VOW"eno

ELEMENTAL LEAD 730 LB. WASTE CATEGORIES: Remarkv'
o sw 0 5s BAGGED ASBESTOS LAGGING

Ox CE 0 5 MATERIALS 'WERE USED AS VOID
o D 1 NC SPACE FILLER MATERIAL.

Thermal Power:

RADOACTIVE MATERIAL. CONTENT
TRANSURIANIC AND URANIUM NONTRANSURANIC.

Total -

Eltement Isotopic Diarlabton lWt %) Elemen, 11o04p4. or
- -____ _ _Wlat Curies

1.23 gm. Co6O .BE-03 a./

Fe55 .BE-03
-14n54 .2E-03
Co8 3.4E-04 -

N163 3.4E-04
C14 ,1.36E-04

- _ U235 3.OE-06

Tot1 .23 gm. ' .5619E-0
Measurement Mathod Dmermrined By:

DISTRIBUTION: White - SWPDU 2760-E/200 E $44000.S8l 4-831
Cenwy - TPS 272W1200 W
Pink' Retun to Sitper 200-W

A

B-2
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65//- r

I~oeaia.i n~tAge.c -

%t or ty (Fernm Eeeiid or ohm on a e lite ly11r0er,t 0
UNIFORM HAZARDOUS 14 Aeaeraor us OPAD15 NC. f'-nlrt C. pI - nt

eF 
UNFR 

P=I, 108WwI hm es
WASTE MANIFEST fl 1i not 16411l*6d b Fodoral

o1e4atme 1 1 end Mall h r

MARE ISLAND NAVAL

~~E~?OR1STP - 22 2?- ;7 A717MM Ca. Trnfoepnelir anyem 1SUB EPAINume 0.IaMdT
WELLS CARGO
1. Traapotn 2ompany lime UNONE ",
S. Deolgasto nutty Hnma Slid Slt AddrMS* lo LtdEP-ube
U.S. DEPARTMENT OF ENERGY "iEPA Kmber

/ RQRD DPERATI 0 N7S 1167 1.1100 A 01 7 ...
11. US D0T DesItptIon (Ieok pop.,s~pp

45 IVe, faad C/aeA entt10 Ntten - Togi UitNo. Te ouanty
.RADIOACTIVE MATERIAL, n.o.s, RADIOACTIVE MATERIAL.
i UN2982.p7 W" W 9 7 7 5 P

0.
T

JAdd-al Deeclsor Mateiet 0"sAos ~ oe lorWaetep led.Allovei,
S NTAL LEAO SO COITANEDj IdTEM le As s F

S.14ATERIAL."-

SSpecial HeMeO; ntn" e mo Adllen&etolilo
MATERIAL is BEING SHIPPED IN ACCORUNCE WITH IUSTRUCTIONS PROVIDED O ROCKWELL HANFORDOPERATIONS BURIAL COMPLIANCE. CHECLIST 253 Am UNDER DEPARTMNT OF ENERGY

accordlitg to applIcbl Inbeor a a o li medp mae a A. a n l ts i I- Prowe MAton 10 losnepw by hgw
ulssam a sm untity gen-ero wh i mp= bw X PIdIy Wtul Or regulation from the duty to makoi , Wa minimkosn an andaer Sectlon 3U2b1 ot R tA I ieO 0i1y that I Ive a powe In pie to reduce the volume and olxidly i wels gesneatd o the degree Ihave dmiebI~nad 110 be ecoi: iceiy proolclod Sr Ie /olon811 the metlhod Of tretm0ni1 .1004M of d1l a y cu entely avasble to ms whichcinimet 1 toe aieer n f tuto threat to human health and the Onouronierint. m gr rPrteidTyeae... Signatore otDaSeM. J3. PALMAFFY/

T 17.Transpoller I Ackeowedeemem i Re-dip o 
-. tetal.

5A P1 h D a y v a

o 0s. eoey a dgeert Rept of Mials
Pdliye tmo 1goluie Manlh Vey effANONE

19. 01eofepoocy indtcmluo 3St.ee

A

2 acuity Cua.,0 or Cmete: Calloln of receipt o haitasrdoumrlcl nTO13mI'd bw mles icnlou ecept am notad 1- 0or t0,
Mn)SffP. 

_7. YDHS 8022 A J11)05)
PAS700t-22) YELOW. TSDF SENDS THIS COPY TO GENERATOR WITHIN 30 DAYS
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4

PUT
546tMC~M~U~LT-.- 1234567 910I 2 n PS bi ts t 3az4~tS3:3 iJ4UfltS I4 26 I6.I74A

REQUISITION Ano 1NV9ICE/SHIPPIN~G DOCU&WNT trt~e i Jih-t~
MARE ISLAND NAVAL SHIPYARD, cVALLEJO, CA 94592-5100 t/A

1006 054 6555

N/A
a sits to S.6ME,O, I2 611 SlUPPU.S. DEPARTMENT OF ENERY T EXPENSEC/O ROCKWELL HANFORD OPERATIONS r

2401 STEVENS DRIVE, 1167 BLDG., .1100 AREA SUIA NLY (Thick)
RICHLAND, VA 99352
ATTN: B. F. WEAVER, AANAGERIF A SAM.

..... ..- .U CCi O fLACT A AtIuY Tt' ACPLbPiITYAggtc

RAD OLUGICA R E(SrEFR4E KAGING
So flOMft. STOCK NUM6EESRP.tT10ft AND COOKS Ot MTEWAC ANOJOR SEVCSS 45 tosr A C-T0 ND is

AS SOON AS POSSIBLE AND IMEDIAtELY NTTIFY BMTH THE CWNSIG ORAND CONSIGNEE.
24 HOUR EMERGENCY PHONE NUMBERS: -

ORIGIN: (707) 645-4222 ,
DESTINATION: (509) 373-4800

EXCLUSIVE USE OF EQUIPMENT jI ?CTIONS PROVIDED TO CARRI
(COPY ATTACHED]. . . .

SIGNATURE AND TALLEY RECORD (D01907) FURNISHED TO CARRIER.

DOT 7A TYPE A SHIPPINGCO 9

RARI AND LAS1 ----- ...----

arm -MTI.1*. I 1 7. .-.... .
I411 -TOTAL

7DD, *".149 19-rnl a* "1 0 637 7 7'~~~~~~~~ '136'0' **"*"'3rnvaa 6tzflesie %.+SrttI 1 WU *-6 60 asen UP

65flA44564 5T160 Oft 156-315M~i MiT sc ale2 .. - 40 g g
.67 - .~ soAu~ is 17ASl a. .: -

ElAY

U,
C31

00
m

C)

m

C)
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MiAM"PTy WTA. MM RMIr - 5 R R-46-87(0)

ROCKWELL HANFORD OPERATIONS, RICA A 993
totRADIGACTIVE MATERIAL MANAGER

Drng . - M MAR ;;LANO-NAVAL SE-PYARD, VALLEJO, SA95250 TOP P-2g9c R -11, t RADJOACHY Iazae
Regulations reqsre the eornnnn o ffenlp us

I VATUILL has heed re~aSd. (See certifesti40 below.)

Oumy ' DEstalmlO miat m i.
1 METAL BOX CONTAININGi 1 MA1N COOLANT PUMP, 3 FISSION 0088

CHAMBERS AND OTHER MISCELLANEOUS WASTE.

UmHWMg COIIAII NADIOACI5E KAMRTM

t lOYAL ALIMl 1519 mill Curie/sI

MATERIAL BRACED WITH WOOD
METAL BOX VOID SPACES FILLED WITH MISC. GOOD

MNON-COMPRESSABLE MATERIAL.
RARES

5 mcimn on N/A DAE StPPC I 187
- st N/A To, N00221-7181-4623

N/A GIL: NIA

c~flCAflON OP ARM"If

(Fill in and aNtis)
I oftif tit ItaciS tle ubjlt uttsflhe eulp~ltniBt~n;A -nnsrn.uuru~nI dertify thst I received the subject radioactive equipstat and thilt I ax QUOT11109e tO TOOe To,

this nhpLnst in scoo6d0 mes with (CKCI MS)
Oslmsu "st 20.42 IRAVULEX II 9675.5

[JUAAAIeNst 921.12 ,fotinr ,o ODOE/HANFORDCONTRACT
[JNReliefosee, Ia._oterAC___7R__l_

--- -DE-AC06-77RL01030
LJa "' aaess no *

COPY tO CONPLLIE GUI COPT W9 II FU~N A RERI tO
RAOIOACTIVE MATERIAL MANAGER
CODE 50OR BLDG 483, STOP P-28
MARE ISLAND NAVAL SHIPYARD
VALLEJO, 'CA94592-5100

Hits 1OO/19 (u. 4)

- - -4
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.'tEPROOUCUD AT GOVERNMENT EXPENS-# "

gPEACL A W M4 )KWEflb8 9210.10A

* ME 9210/4 (11-10)1

r.p.. SsA ,l

D 
r ofIctAl VALLEJO &c ntatt y

SubP, special Nucla Materialj transfer 
- -a talY

ief: ,3a) ?AVSCAIN5T 9 210.40A eilncermtra

1. i have tranisferfld to your custody th pcal nucEEtateria

CHAMBERS, cuer(a

listed below: IRRADIATED FISSIO MRAODN R----LA, EA.
Item; SEAeNO

CHAMBER FI TASSI INE sH ER- MODEL

8 3907 008W -
N/A ,- . -

605201 -

---- are hereby

itsf te ~cUirements 0f once a '1 effect transfer

2 0 satiSfy the re 81ihRtdoreIn
requested to comnplete t mdPAlC AFF 7 NAGfa

Of accountabilitY. 
MJ AMFFY E

RADIOACTIVE WATE AL DIVISIO
3 (gflatur 8y dire t --)

From.. 
la ace __________c

* TO COB~drJ mval se Sytems coimand (NAYSIA 08)

~.I hereiby accept accouftabil ity~ for the special nuclermtt~

Listed below:

CoomMADER, MARE ISLAND NAVAL SHIPYR ~ga~l

ATTU..,COC DsSoaRVALEJO.C gg9t~ -
tTrans±Orrin

9 At tvit?).' 
(2

MANAGER, PITTSBURG NAVAL REACTORSOFEICE
P.O.BOX 109

( WEST MIFFLIN, PA 15122
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Rock"' " ocwell
ihl. WA 936 International

JUN 023807 In reply, refer to letter 33730,RL

Mr. J. 0. White, Director
-Waste Management Division
Department of Energy
Richland Operations Office
Richland, Washington 99352

Dear Mr. White:

DISPOSAL OF WASTE FROM MARE ISLAND NAVAL SHIPYARD
(Contract DE-AC06-77RL01O30)

Reference: Letter, May 6, 1987, M. j. Palmaffy to L. R. Ogletree. no
subject

Rockwell Hanford Operations.(RockWll)..has reviewed the Infgormation in the

reference letter regarding thaidispoilad low-level reactor components and

other miscellaneous waste from Mare Island Naval Shipyard. Rockwell will
accept the waste for disposal at Hanfordprovided it is packaged in
accordance with the attached Burial Compliance Checksheet 25-3X-IAM-0.

-C - for disosal of this-waste should be coordinated with
it you reu1r lonl n,

C ease contact Mr. S. J.lAmlr on-373-Z491. -

-i Very truly your.s,

M. A. Cahill, Manager
Waste Management Operations,,

MAC:SJA:lIjg

-Att.

cc. A. W. Kellogg - 00E-RL
M. J. Palmaffy - Mare t land Navi lShipyard.4

-~_.-F _ __r

B-8
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?F / -

* BURIAL COMPLIANCE CHECKSHEET
FOR RADIOACTIVE S0LI9 DASTE MATERIAL

25-3 jA-l torage& / at R7ie o Waste

Diskosal Approval Processing Disposal

Number Unit Approval Signature

Waste eeao:US NAVY, Mare Island ' Navl Siyr
s enerator e L 5 0 Date 30/7 File # 2-37

Waste Title: Low Level Reactor Componects Mixed Solid Waste

Storage/DispOsal Container OJT7A, Type A Steel Shipping Container

References: (a) RHO-MA-222, Rev.3 (Unclassified), August, 1985,
T. R. Pauly, "Hinford Radioactive Solid Waste
Packaging, Storage and sp'sai.Requirements"

(b) Letter, February, 3,19.87, L. R. Ogletree to
Distibution, *'RLO7MA22, Revision 3A. Amendment"

Waste Type; [) Transuranic [XI Low Level

[ I Unclassified [XI Classified (Internals only)

Disposal
Type. [3 Burial

[XI Scheduled

] Routine

One-Time Only

[XI Retrievable Storage

[X] Contact Handled

L1 Remote Handled

Transport
Approval: [XI u.s.cepartment of Transportation

[ Waste Genera.a

3 Rockwell Transport Approval Number:

Low Specific Activity

[XI Type A ype B

[ Limited Quantity

[ Highway Route
Controlled Quantity

F

B-9
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&e 7-r- / A - IStV

A. WASTE DESCRIPTION

25-3X-1AM-O
Rockwell Storage &
Disposal Approval
Number

1. Waste Contents Included:

page 2 of 4

Y

I

C.r-

C-

es No -. Yes No

:x t 3 Miscellaneous Solid Waste [ [X] Tritium
( >20 mCi/cu. M)

] (XI Animal Carcasies C I [XI Alkali Metals

( [X] Unabsorbed Liquid Organics [Xj [ I Asbestos

( } [XI Ion Exchange Resins, ,X] [ I Lead

[ 3 [X) Significant Concentrations } [XI Gas Generating
of C-14, Kr-85, TC-99 (-129 - Potential

t I [X] Heat Generating Potehtial .X) t I Radioactive Mixed
(Greater than 0.1 watts/cu ft) Waste

[I [J}Other:

Note: The following are prohibited: Free inorganic liquids,
incompatible materials, pyrophorics, explosives,
unreacted alkali metals, and unvented gas cylinders.

2. Physical Description 6
Low Level waste containing metallic reactor components, 3 fission
chambdrs, pump and other miscellaneous solid waste including lead
and asbestos.

3. Radioactive Material Description

Non-Transuranic: Up to and Including DOT Type A quantities of solid

metal corrosion products, primarily Co-60 and U-235(maximum of 5
grams).

Transuranic: Less than 100 nCi/gram.

4. Radioactive Mixed Waste Hazardous Constituent Description: Lead.

5. Maximum Allowable Fissile Quantity: Less than 15 gram/container.

6. Void Space Filler Material: Diatomaceous earth or vermiculite.

-1

B-10
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B. WASTE PACKAGING SYSTEM

25-3X- IAN-U page 3 -of 4
Rockwell Storage &
Disposal Approval
Number

1. Container Name: Metal Bo, Container Products Corp. S-245-10 7A
Type A

2. Drawing or Specificatidn Number: CPC #15-4700-1-00 (COC # QCOP 3001)

3. External Dimensions: 124"L x 64*W x 69"H

4. Disposal Volume: 317 cu. ft.

5. Maximum Gross Weight- 9775 lbs. -

6. General Description: 124" x 64" x 69" container of 12 ga. ASTM A569
low carbon hot rolled steel. Containers and lids use Seal-Loc
positive closure system. Container is equipped with risers to
allow for forklift operation-. 'Crane lifting devices are not
installed. Container contains one used main pump, three used
fission ghimbers, and miscellaneous non-compressibl*e bagged waste.

7. Required Internal Packaging; The main coolant pump is braced with
4" x 6" timbers around the bottom. The remaining portion is
packed with non-compressible waste. The fission chambers are wrapped
in lead, placed inside wooden boxes and placed on top of the
non-compressible waste. Asbestos bearing waste is bagged in 4 mil
thick (minimum) polyethylene.

S. Closure Mechanism: Seal-Loc positive closure system clips are welded
in place.

9. Maximum Allowable Less than 200 mR/hr (Contact)
Radiation Levels: N/A (Other)

10. Maximum Allowable Less than 220 d§m/2 s cm alh
Surface Contamination: Les an H200 1 1q Cm bet:.oamma

11. Required Labels/Marking:
Top and Sides: RRM number
Tup and Sides: Gross Weight (eg, GW XXX lbs.)
Two Sides: "RMW, EHW, Lead"
Two Sides: Container ID number
Two Sides: EPA Hazardous Waste sticker with the following:

Waste code No' '0008, WTOI"
(Manifest Document Number: use unique RRM #)

Othir LabelS and Marking per DOT requirements

B-11
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S. WASTE PACKAGIN4 SYSTEM (continued)

25-3X-IAM-0- page 4 of 4

RockWell Storage &
Disposal Approval
Number

11. Required Labels (continued):
Two Sides. If asbestos is present affix the following warning:

CAUTION
CONTAINS ASBESTOS

AVOID OPENING-
OR BREAKING- CONTAINER -

BREATHING ASBESTOS IS HAZARDOUS
TO YOUR HEALTH

12. Returnable Transport Overpacks: None

C. OTHER AEQUVREMENTS

1. Admi r)tratidve Controls
1 1 Anr. individual-;Sol14 Wate.. 8b-a-R 6c e~ws

(RockwelT- form 54-3600-581 -is required with each W- r.
, V lead, and fissW-hj . Id

"I') A Hazardous-Waste Manifest form'(Envtroonmentil Protection
Agency form-8 700- 22) is required with each-container.

4) The generator is responsible to ensure that wastespackages are
pr ly labeTiiM marked.

5) UOE/NRC 741.f.Qmo.r eaquivalent if waste contains accountable
nuclear material (U-235).

2. Rockwell Storage/DWspjsal InFormation:
(1) Waste may be handled by forklift
(2) Place in retrievable storage in RMW trench.

B-12
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iIW// IVAed wl 7Ts-^ I-A?. -
DEPARTMENT OF THE NAVY
MARE ISLANO NAVAL SHIPYARD

VALLEJO. CALIFORINIA 94592 IN PLYt 69OR ?m~

kQAgaa/ t/n:[ A ,s ~ )AMw#Y(MtJr) 9200 ,
rr4,r MS/fL74e

9 ' A44M:MO -Ser B0OR/ 100
OA1 4c1-I .1 C -ar . AUG 17 1987

Fm: Commander Mare Island Naval Shipyard
To: Mr. P. F. Shaw. Program Manager, Rockwall Hanford Operations

Subj: TRANSFER PLANNING LETTER FOR TRANSFER OF SPECIAL NUCLEAR MATERIAL

Ref: Ia) IAVSEA itr Ser 08H/84-323 of 16 Aug 84
bNAVSEAINST 9210.10A

Encit (1) Copy of NAVSEA Itr Ser 08H/84-323 of 1 Aug 84
(2) Special Nuclear Material Three-Way Verification Form NAVSEA

9210/3 (11-78)

1. This letter outlines the planning and precautions to be taken to effect

the transfer of three Model WL6941A irradiated fission chambers, serial

numbers 83907, 605201, and 743505, -frd Mare Island Naval Shilfyard., Vallejo.

California, to Rockwell International,,Rockwfll Hanford Operatibns,
Richland, Washington, for disposal-as waste.

2. --Authorization to transflr fqr d sposal as *waste; Model N ti941A .

irradiated ftssioh chambers, serial nutbeis 83907, 605201, afid 743505, has

been granted by reference (a). Copy enclosed as enclosure (1).

3. The accountability and three-way verification procedures 
for the

transft@ of special nuclear aterlal outjtnedin paragraphs 8(b) through

8(d) and paragraph 9 of reference (bl, will be complied with at the time of

transfer.

4. The three Model WL6941A irradiated fission chambers, serial numbers

83901 605201, and 743505, have been p ced Inside of a DOT 7A, Type A metal

shipping container, serial number Wih security seals OOE/SNR 3231 and

DOE/SNR 3233 applied to the contaihi!r The container weighs 9775 pounds and

has a volume of 317 cubic feet.

5. The container serial number and sea) numbers identified 
above will be

accessible in the ready-for-transfer condition and will be used for the

thrue-way verification procedure at time of transfer.

6. The special nuclear material will move via coercial truck under

signature security service requicemt apdyou will be notified of carrier

assigned prior to transfer.

7. The shipment is scheduled to depar'tMare Island Naval Shipyard, 
Vallejo,

California, on or about 20 August 1987 and arrive at Rockwell 
Hanford

Operations, Richland, Washington, on or about 21 August 
1987.

8. Transfer of accountability will be accomplished by 
means of the special

nuclear material receipt document, enclosure (2), of reference (.b), which

will be provided with the shipping documtts simultaneously with release of

physical custody of the special nuclear-materlal. Upon receipt of the

special nuclear material, specifigdainppagraph 4, you are requested to-

complete the special nuclear materi4lr rqeipt document and forward it to

B-13
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Subj: TRANSFER PLANNING LETTER FOR TRANSFER OF SPECIAL NUCLEAR MATERIAL

Comander. Naval Sea Systems Command (NAVSEA 08), Washington, DC 20362, with
a copy to Manager, Pittsburgh Naval Reactors Office, P.O. Box 109, West
Mifflin, PA .15122.

9. In addition, you are requested to complete enclosure (2) and forward
copies (within five working days) to:

Commander, Naval Sea Systems Command, (MAVSEA 08)
Washington, DC 20362

Comuander, Mare Island Naval Shipyard
ATTN: M. J. Palmaffy, Radioactive Material Manager
Code SOUR, Bldg 483, Mail Stop P-28
Vallejo, CA 94592-5100

M6 P FY-
V. By directi of -

-. hStfipy Comminder. -

Copy to:-
CONNAVSEASYSCOM (NAVSEA 08)
MANAGER, PNRO
DOE, RICHLAND, WA (A. W. KELLOGG) -
BRMO ARE
NRRG MARE (2)

B-14
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-.// (/6

DEPARTMENT OF THE NAVY
MARE ISLAND NAVAL SHIPYARD

VALLEJO. CALIFORNIA 94592 IN NEW1LY NPEA icE
9200
Ser BOOR/103

AUG 2 0 19B7

From: Commander, Mare Island Naval Shpyard
To: Mr. P. F. Shaw, Program Manager, Rockwell Hanford Operations

SubJ: MODIFICATION TO TRANSFER PLANNING LETTER

Ref: (a) are sland Naval Shipyard Transfer : Planning Letter Ser 50R/100
of 17 Aug 87

1. Reference (a) outlined the planning and ricautions to be taken to
effect the transfer of special nuclear material to your facility. Reference
(a) also outlined procedures to be accomplished for the accountability and
verification, upon receipt, of the special nuclear material.

2. This letter modifies the requirements-of reference (a) and deletes the
requirements set forth in paragraph 9 of reference (a).

3. Transfer of accountability will be accomplished In accordance th the
requirements set forth in paragraph 8 eference (a).

By direction
the Shipyard C ander

Copy to:
COMNAVSEASYSCCM (NAYSEA 08)
MANAGER, PNRO
DOE, RICHLAND, WA (A. W. KELLOGG)
BRMO MARE
NRRO MARE (2)
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Roc"Iml 14wford tI 'qste
RInerA t 1 nal

r 187 - eply: refer to letter 33730,RI

Mr. J. D. White, Director
Waste Management Division
Department of Energy
Richland Operations Office
Richland, Washington 99352-

Dear Mr. White:

DISPOSAL OF WASTE FROM MARE ISLAND NAVAL SHIPYARD
(Contract DE-AC06-77RL01030)

Reference: Letter, May 6, 1987,. M...J. Palmiaffyjto L. R. Ogletree, no
subject

Rockwell Hanford Operations '(Rdciell) has reviewed the information In the
reference letter regarding the disposal of low-level reactor components and
other miscellaneous waste from.Mate Island Naval Shipyard. Rockwell will
accept the waste for disposal at Hanford provided it is packaged in
accordance with the attached Burial Compliance Checksheet 25-3X-1AM-0.

-dulin s posal of this waste should be coordinated with
/ r a on 33- If'you TTreqie 1.oltional inrorm aton,

C ease contact Mr.SJ.ir on 373-2491. -.-

Very truly yours,

M. A. Cahill, Manager
Waste Management Operations

MAC:SJA:ljg

Att.

cc: A. W. Kellogg - DOE-RL
.tL.J. Palmaffy - Mare Iland)44) 'Shipyard

B-16
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3rd QUARTER 1987

MFP 200W 03A TS6 ( 17)

DISPOSE
DATE LOG#

080787 0001

080787 0002

090987 0003

TOTALS..

WST
CU. FT TYPE NO ACCNT WEIGHT ISO QUANTITY TCH TYP

7-50 CB - px aoo.o- CI 0.00100 TS - N

7.50 CB 1 PN 300.00 CI 0.00100 TSG N

-37.50 CB s PN 1500.00 C 0.00500 TS6 N.

JSYdo-t7- o/'t9S
52.50 2100.00

C

C,

I-

B-17
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.. . ~o -53 79 464 7-Z4

+ C
Material of Constructl: ,

i l T- I ... P t S Z , :F-
% I Total

HAZARCDUS/CORROSIVE CONSTITUENTS

Name

l'

Quantity (Lb or Kg)

t F 6 754j

u ar ransac .

Total 6 i
Volume

WASTE CATEGORIES

3W DS
CE Dss

DD [j NC

Ther I Power:

.I W/ft
3  or less

Other

RADIOACTIVE MATERIAL CONTENT
TRANS.URANIC AND URANIUM . NONTRANSURANIC

Total . Grams
Element IstoDic Distribution (Wi il Element Isotope or

Weighs Caries

T___AtI

______ 1/ 7/___ '77_ ______ ____

Mpmruremenl Mthod:

9 v
I De midv

DISTRIBUTION Whit, . SWPODi 2750-E?200 E
Canary - TP S 2724W/200W
Pink , Retura to Siripper 200W

Gross Weight

DK Pounds
5 Kiiovramt

Remarks:

54 5600 11 (7.

B-18

'-C

C

as

5-

Total roperty -quest N

MR W1111111311 jmajl j

Rockwell Hanford Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

USE BLACK BALL POINT PEN OR TYPE SWBR NO.

DISPOSAL SITE "'Iskporion .t or te comelesan Y WASTE GENERATOR: ey
urialw C rosino. NQ.s Chae. Code D E Aulh No,Area - Bual G und A . Trench No. Aibdr lsIPhW

Carson No, 10gimn COofbaSBO s -

- I certify that: 1. No capi tal property is included in this burial unless
documented by a Property Disposal Request and described below.

Remarks - 2. The waste package description below is complete and the waee
package conforms to RHO-MA-222 and the approved Burial Compli.
tance Chocksheet (BCC).

Casei.1 - Ac 2m- . The a egi code is comie 5  -/
S~~enamart 5a~a Date .zq'c~~

I ~~~~"' Sigrresure d" lt

WASTE DESCRIPTION CONTAINER INFORMATION 7

COMBUSTIBLE MATERIALS NONCOMBUSTIBLE MATERIALS Quantity & Name Hanford Standafd
ce jr S Galion - Fiberboard Boxes

Paper Products % Glass % Drums 1A_ (1. " x 18"x 24"1

Plastic % Conscre te %Cah

Cloth % Stainless Steel % . I
- ___ CC -Ar a N raber IDoseARote- Pteage -

Rubber % Other Metals % App#L - /-b. .nemhr At ________

% - Diamey r or Length x % th Heige

_ _ _ %__ %
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Weas t Pin g O uypa designed Cr use an cma2 tyd NE

- .Ta)oR AZ US noo'U EPA ID No. Manifest Documant No 2 Pae i1 information In the hadedaras
WA1 A IFS 89 .000 8967 28-7015 Or a znt required by Federal aw.

3, 4Rno lor nd ng Address

306-T6/300 u a

4, Gsnerffjr'sPh~ona 509 376-1483
5. Transporter I Company Name US EPA ID Number c mawr 60 W - k-
Westinghouse lianford Company WA 789 000 8967 oM

- 1. Transporlsi2 Company Name - US EPA ID Number - EN

9. Designated Facility Name and Site Address 10. US EPA ID Number G

Burial Ground

Westinghouse Hanford Compary WA 789 000 8967
12. Containers 13 14. tnt"'

ii.US DOT escrlptionIncludiogProparShIpprogName, Hazard Class and 0 Number) -Total U- TyN-
* o . . No. Typ Guard; WLNOI swresca

E -. -qil --" 5 D5 0 675 K

* 0
R- -4-

d - .

K..
di .negD K Handlig Codel&Wat a-UitadhbOf

C ~n V ~ ~ ~ SY ~ *1~-

15. Special Handling instructions and Additional Information

item a -I 5 55-gal DOT 17H dr=ms.

16. GENERATOR'S CERTIF1CATION: I hereby declare that the Ceinlnsl of Ibis consignmeon are fully and accurately described above by
proper shipping flame and are classilied. packed. marked. ard labemed, and are in all respects in coper condliton lor transport by highway

according 10 appicable iorernatioiial and national govemmem regulalion&

-1 i an a large quantity generator. I certify that I have a prograr int piace to reduce the volume and loelcily O wasle generaled to Ihe degree I hae delermined to be

economically praceicable and thal I have selected the prticable method of treatmenr storage, or disposal currently avalabia 1ome which minimiZes the present and
ltre threal 10 human vhealth and the environmen: OR. il I am a snall quantity generaler, I have rade a good Faith efhor 10 nenimire my waste generation and select

lhe hos waste ma, emenl method that is available ro me and that I can afford ... / 1 4

PrintedTypeo Name' Signat D Month (ay Year

Gerald J. Powers .0 I 3 I C-
T 17. Transporter 1 Acknowledgertnnt of Receipt of Materials -

A Prllg yped Name Signature

1 18. Transporter 2 Aeknowledgerrent of Receipt of Materials

S Printed/Typed Name Srgnature Month Day Year
E

19. Discrepancy Indication Space

A
I

L
20. Facilty Owner or Operator: Certificalticn of receipt of hazardous materials covered by this manilest except as noled in Itern 19.

- Printed/T eot Name Signature Month Day Year

Styla Fl5REV-6 Labotmastr. Div. of American Labelmark Co, M, 60646 EPA Form 8700-22 jAov. 516) Previous editions are obsoleln.

TRANSPORTER #2

B-19
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p I
3rd QUAnTER 1987

160

DISPOSE
DATE LOGO

093087 0001

Co-1TALS...

BD-WHC MFP 200W 03A

CU. FT. TYPE NO ACCNT WEIGHT ISO

18000 HE 15 UJ 15000.00 CS

C060
CI
EU154

180.00

TS6 ( 28)

QUANTITY

0.01010

0.00910
0.04380
0.00270

WST
TCH TYP BG COM

TS6 N 03A WHC

15000.00

B-20



DOE/RL-2014-43, REV. 0

R o c w l a O p e r"ti o n -B

Rockwell Hanford Operations SOLID WASTE BURIAL RECORD -LOW LEVEL

USE BLACK BALL POINT PEN OR TYPE

DISPOSAL SITE Thk"'"" at totn roml'l
Rock H Re usen at misporal s y.

Area Burial Ground No. Trench No.

CaissDn No. 
8

11 nning Cotdinate

N ~ ~ - -71 1 -ZsmLEning Coor na o

N .. 4Lf v 182
amnar A an-

flute

WASTE DESCRIPTION
COMBUSTtBLE MATERIALS

Paper Products %

%
%

%

NONCOMBUSTIBLE MATER IALS

Glass

Concrete

Stainless Steel

Other Metals

14, ~ -n

S _%

Total % Total

HAZARDOUS(COROSIVE CONSTITUENTS
9 %

Name T 11yhb e.-4.

Vr rc;.rWJ C/. r

/ 041.9 -

1.25

_____________________ I ~ * K.? j -

lement I
TRANSLRAN[C AND URANIUM

lsotopitc Distribution (Wj -I

SWaR NO. _ - WIC

WASTE GENERATOR:
Chirg ODOE Aulat l

Adorto 5./Phona

/40 -V -

I certify that: 1. No capital property is included in this bural Unless
documented by a Property Disposal Request and described below.
2. The waste package description below is complete and the waste
package conforms to RHO-MA-222 andj the approved Burial Compli-
ance Check eet (BCC).
3. The ch ge code is corr

SigtUrDate

CONTAINER INFORMATION
..uantly & Name Harford Standard

55 Gallon _ Fiberboard Boxes
Drums 18' x 18" x 24-1

45Othe r: QZ964La- te /Mr

8CC Approval Number Des,, Rasc - Package

3 o/ 'ry e | 1_4 h ri al -4rdAZCtC-T-
Diameter or Length K Width Height

Material of Consiruction

N u c a r tne .ctLs AN Pt y 'eMrLi o s .4 -

-Nuclear Tranroectice N . Pypersy Di 6sa: Request No.

Total
Volue e_________

-4 -
WASTE CATEGORIES:

0W 1W
CE

D

IDSS
D_ %!C

Thermal Power:

1-C- w/l1
3  Or lest

- Other

RADIOACTIVE MATERIAL CONTENT

Total
Element
Weieht

t__7]

~1 I~kounds

Gross Weigsht t~7~..~EiKilograms

Remrarks:

220
8 7 /1

NONTRANSURANIC

Isotope - o
CurLies

____ ,Ooq/ Ks
1/

olil (tO

Zt1 W & U n7O e

11 7

Totals

M ea surem en t j hd :D o rr B

DISTRIBJTION: WI. SWPDU 2750-E:200
Canry - TFS 272V,.200 'V
Pnk - Return t& Sh roper 2004V

54-3000 set 7 851

B-21

Dtgnurure

Plastic

Cloth

Rubber

C-

,, ,-9 -

A4gc-

- -
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Pase prit type. (Forn desined for use on elite (12-pitch) typeter.t Form App4tavt 1MI li, 205 OO39..Epic 30 8

UNIFORM HAZARDOUS " G aors US EPA ID No. Maniest Document No 2 Pago I Inlotmatton in the saded areas

WASTE MANIFEST WA 789 000 8967 3-R 11 4X o -1 Is not required by Federal law

3. Generators Name and Malling Address -
V. 0. Apple" .- Ro
l720K/5/K3/100K a

4. Generator's Phone(609 373-1461 Wt y
5, Traetaportar 1 Company Name 6. US EPA 10 Number Giy r ofpJb

Westinghouse Hanford Colpany WA 789 000 8967 Ah Ptst t
7, Transporter 2 Company Name 8. US EPA ID Number I$9iV4raitVrtr' (

9. Designated Facility Name and Site Address 10. US EPA ID Number a lDs' 9 .t
Low Level Solid Utste Burial Ground % 2
272KA 200W Area A79 0 97

12. Containers 13. 14 . -
11. US DOT Description (including Proper Shipping Name, Hazard Class and ID Number) Total Unit arsiG No

- - . No. Type Quanily WINd m? e

Waste Radioactive Radioactive
X Material N.0.S UK 2982 wterial 1 M 618 K

Sb.0 1

C.

d.

47'A 7-.2

15. Special Handling instruciions and Additional Irlformatimr

15. GENERATOR'S CER1FICATION: I hereby deciare that the contents of this consignmernt are 1qlly and accurately described above by
C proper shipping name and are classified, packed. marked, and labelud, and are In all respects irn proper condition ]or ire n,%Po" by highWay

. . - according to applicable internalional and niational government regulations. - - -

if I am a large quantity generator, I ceilly [hat I nave a program In place to reduce lhe volume arnd toxicity of waste geneiated 1o the degree I have-dslcrmjned 10 be
economically practicable and that I have Selected The ptaCtrcablo method of IfoatmeniL, slorage,.or disposal currently available to me which minimizes the present and

.future threat to human thealth and the envininmeni; OR. if I am a small quantity generator I have mnade a good faitri etin o 1 minimize my waste generaionp and select
the best waste marngemeni method that is available to me and that I can afford.-

.PrintedTyped Mom -t Sgn r h Day Year

ernon . pple
T 17. Transporter I ACknowledgementof Rece,,ipl of Materials

Printed/Typed N ame iMh Day Year

o 16. Transporter 2 Acknowledgement of Receipt of Matentals

SPrinedfTyped Name -tSignature p aMonth Day Year

IE
19. discrepancy Indica tion Space

F
A

20. Facil ty Owner or Operator Certification o receipt of hazardous materials coveel by this manifest exe n as noted ln Item 19 t

Printed/Typed Name - Signature-. Month Day Year

Slyle FISR EV-6 Labelmaster. Oiv. ot Arnercsn Labalrark Co. # /' EPA Form t700-22 (Rev Ts5) Previous editions are olete

GENERATOR COPY

B-22
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340 -PRLI

DISPOSE
DATE LOGO

100987 0004

100987 0005

100987 0006

103087 0007

103087 0009

103087 0009

103097 0010

103007 0011

103087 0012

103087 0013

101087 0014

-.. TOTALS -...

4th QUARTER 1987

MFP 200W 03A

CU. Fr. TYPE NO ACCNT . WEIGHT ISO

7.50 CB-- PNL24 357.00 CI
(f -v-YI- c 12 s )

7.50 C' -- '-- 297.00 CI
(j6y- rI- Z23 .)

7.50 CB71T-fjo 7.00 ci

7.5--~r---P--Mb34&- 650.00 CI
a -J0- .,6 -

7.50 CB 1 PNL340 1000.00 CI
30-F7- 02 ;71"

7.50 Ce 1 PNL340 325.00 CI

7.50 CB 1 PNL340 325.00 CI
3/6 -f ?- 0.23Y

7.50 CB 1 PNL340 325.00 CI

7.50 CB. 1 PNL340 325.00 CI

7.50 CB 1 PNL340 325.0 Ct
3YC-7- 0.2

7.50 CB 1 PNL340 325.00 CI

sWD- t7-Cg/83

82.50

TS6 ( 17)

WST
QUANTITY TCH TYP BG Cox

0.00800 TS6 N 03A PNL

0.00500 TS6 N 03A PNL

0.00500 TS6 N 03A PNL

0.00100 TS6 N 03A PNL

0.00100 T96 N 03A PNL

0.00100 TS6 N 03A PHL

0,00100 TS6 N 03A PNL

0.00100 TS6 N 03A PNL

0.00100 TS6 N 03A PNL

0.00100 TS6 N 03A PNL

0.00100 Ts6 N 03A PNL

43 f.00

B-23
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Rockwell Hanford Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

USE h..ACK PALtL P NT PEN rm Tio E

- A SE A p." 2. e - - WASTE GENERATOA: 0
CDISPOSAL SITE R*k- Co11-11,eA 1-4 Gr1 =-

W
En -- tlha I tasl a .s svO4Irfy is tClujo d in this buri l unlit

A tD a t, Diposa Requei ands described below
- t, . t 2 sa r d E LIO below tS Crt lets and the mate

.Ii c a t RHiO MA-222 arid I., apprmed Burel Corphe

________- - Crcktr 2CC-

193 3

Date

WASTE DESCRIPTION CONTAINER INFORMATION

C1tt 'A!E~- H NONCO BUST aanard 
Standasd

CC _____.AE_ L N____N_ ____M___U____T_____. _ Eil-a n Fiberboatd Boles

Pat,- 
PDOI.n .- r' x 18" x 24"

Other Meals- rrrmh E

__ iToa \C Vr OspotalR e No.
Tot - S,',

HAZARDOUS-CORAOSVE CONSTITUENIS 

- - F emark5;

D -C
ttherral PORe

- 0,1 w 01 l' ess

RADIOACTLVE MATERIAL CONTENT

7RASURANtC AND URA'IU.(

Eemt- hitopic Di j [t -

Lr&$ 621A6tet _

-5 7 e, ' w'uf, - SWa P a TD 0 E 
S4 E

Calay . TF 5 2t O W
O Retr, ! Sppe* 200-dW

B-24
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,ki n. c l lyj m ikait ra ., In hlFw(12-pl tisa ir i I tsarm Appavia aila IM. 7 20-0049 [.inas 5-30 ii-.

ry- fbEVt Laaiasisn.Dv oAuwcartaneir.Co int 5peaS EflA ,0705 2 Pin ii r Ivas adatiare a4s;F vs

B-25

UNIFORM HAZARDOUS I Gnraors US EPA ID No Pillr Docu n 2 Pa nimaon in I ad ara$

WASTE MANIFEST a" WA 789 000 8967 PNL-287022 ow I ranotrequireoayFederallai

3. Generatota Name ad Madmag Address A Siale Manrlesi Docwrngn Nuinbir
M. W. McCoy. PLA
306-T6/300 Area [a Stare Gpnralare ID

qenerh, Phoneh 509 ) 376 w 1493 
5 Transporter I Company Name 6 US EPA ID N6mblyr C Statv Transporler's ID -

Westinghouse Hanford Company I KK WA 789 000 8967 iD Transporter'%Phicne 3/6-14zu
7. Transporter 2 Comparny Name a. US E PA iNiumbr E Swie Transporter s i0

I ~ F Ttanspotles Phone

9. DeignaedFacily Naeand Site Addless iG. US EPA ID Number G Stato FacilVslD

Burial Ground
200 W i1. Faciblyshon J
Westinghouse Hanford C pany -

12, Containers 1j. 14 1
11. US DO Desrinpla (ncfAl~ng Proper Shipping Name. Hazard Ciass andiOrumberj Total unit Waste No.

; No Type Ouaiiy AWN _ol

I a, WI 135 K 0001, WT01
E - - fs, .

C, i bi
I J. Adatonal Descriptioft ko UalianWS tjst Above K. Hanating Codes for Wastes Liea Above

Scintillation vials contain dioXng and naphthalene.
Flash point 650F

15 Special Handing instructions and Additonal Information

itea a - 1 55-91 DDT 17H drum.

15. ENE tOfrB CE~rFICATiCH: I hereto declare tasi iris ctem's or lbs CansigrlnMhn are sauy eve atruraial y asdill Stve Dr
p5,pe sIppaiQ lien and ma dasuted, packad, marred, and labeled, andart iNall isspls'itnbi rop conlamn for Uianspov D nignway

acvoilng Iin taao antewncal and naides gaveibreliv rSenlslbaia.

Ii1 ar a larg. quamdly gansrior I Catly that I hase a program in place io redue ihs volume and Locily ai easie garienaaed vi ne degree I fAv dlIetlO o
lcsonorlicy pacticaple a t han se"wclse ris pracnSsip mesh" vi irnsvl, ularaga, or s eeosai crovinIy avalsoab 1. me nch Ii"uvies .O pimsinri ave

I l = =,a4m ris nes 1ld Ileennaeinni; OR, ev I M 0i emi anSmal V (igaail cara. 1i10,4 maoaa god tah silr to mlimmiermy easle gineralinv and releo
hiris rasies eenaeqerl rmelhad [hal i ava9ib1 is - andal I can aliord.

PninledfTyped Name signalura Month Day Yer

Lois Abbey I "f 17 Transporer I Acknowliedgement Of Receipt of Materials

A Pnirte/Typed Name Signalira Mfonh Day Year

I.' .. . r.a N -

a IS Trssspbref 2 Achrnowledgorfsnnlol Recarpt of Materials

S Pn e r Typed Name . Signature oont flay Year

19 Discrepancy indcation Space

F
A
C
L

20 Facly Owner or Operalor Cerlificeion l reciipI ol harardous mstaials covirea by Ifis mandrs vocapt as ibiei ' 11em 19
PrinstedTyped Name o AOrsil Day Yoear
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Rockwell Hanford Operations SOLID WASTE BURIAL RECORD -LOW LEVIEL
--SE 'CN t~rs :..s m PtNO 15 PE"

DISPOSAL SITE WASTE GN FRATOR-

.1", ap- L _.D DE ANtr r N

Lv- I- - -

4 . a Wnt , , ' Cotl*c ded nrsd whe
POce'Iv Uhqmrsi Reque:7 41eJ disc,-bed be o

j~m, C~pftiewd he wjsle
P MA " na Rp' e A c opi

--

DaleWASTE DESCRIPTION CONT A EAICONTAINER FO ATION
COMBL LE OTA-ERILS O\CDre.sis 1To- - 7 .- :fo4 4 -: H ' and" 1Pax- b omG - .. 55 31 8-1bebao o

-- I - .--1- 4--1i- "ge
C er e a

Tot,! it

-AZARDDOS CORROSIvE CQT T'JENTs --

.1 135K
0.1 wt1

3  
0, 1

I________Othi

RADIDACTIVE MATERIAL CONTENT

re- -l- _m D, e, - v

ET c
T--

_ s...-- - - -- - -

CISI .F. IXE .471000iX31 7FW
T- "72. 200 v.
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k
"Pth ret ru irpi Porrn desgrd tor use on *te r12 -pisth typewrite } I-t Agiio0ad DM N. 2050-0039 Lqes 0. 0

PrntiedfTyped Name WWIIature . . Dyont tA Year
Jerry Powersi t.I i<

17, T, nspor,1 t Acknowledgement of Receipt of Materiats
A PrirgedfTyped Name Signature Morn Day Year

0 1i, Trionsporter 2 Acknowledgement of Receipt of Materials
PirmtedfTyped Name $9flturi Month Day yaf

19 Discrepancy Indication Space

C

L20. Fucbry Owner or Operatorr Certitcaion l reciplt of hazardous materials covered by thisr maldst pKcIpl t r.ted in lem 19
. PrnledfTypod Naie Mrtnh DNy tea

SiylinitAEV-6 tacnr Ou okrn@ecanr..OelimuiCu ira 6064fi /EA Fwoiri -22thev 9,116 Preiousediors are oblitrmo

B-27

UNIFORM HAZARDOUS 1 Generators US EPA ID No Maritest Document No 2 Page tnforratioe in die shaded aroas
WASTE MANIFEST WA 789 000 8967 287020 1 g I !snotrequiredbyFecera a.

3. Address A. State Manifest Document lumber

306-T6/300 Area 0. Sate Genuators ID
4 Geisgiatots Phone ( 509 376-143
5. Transporter I CompanyName S. USEPAIDNumber C Slate TransoorlersD

Westinghouse Hanford Company I WA 789 000 8967 D Transporte. Phone Jb-14Z0
7. Transponor 2 Company Name 8. US EPA D Number E. Slale Tfansportgr sD

I F. Transportes Phone
9. 0111nled Facility Name and Sile Address 10 US'EPA D iumber G Slate Faciltys ID0urAl Ground
20011 H. Faciftylphone
Westinghouse Hanford Ccupapy WA 789 000 8967 P /

12. C,,il Iis 13. 14. .
i11, US DOT Descripion (tncbrd ng Pcoper Shiptig Name, Hazard Class aind ID Nunielr) Unit Wase No.

i Pirl Nci. Type Osaky WI~ol
C. F1amsiable-L4quid- . No T4 Ov99tity 1510 0

A 1 ___135 I 0001

tob

d.

J. Addittorlat Descriptions lor Melerial Listed Above K Handling Codes for Wastes Listed Above

Scintillation vials coutAin tolumn and NEUa wtere
Flash point 40OF

1 ~ ~ ~ T W b peila i 0 to rmation

15. GENERATOR'S CERTIFICATiON I herebr declaro tha he contonts 0 this connrgnmeni me ull aria acurataiy oescieO above Dy
proper snippg naie aner. veoassxewd. packed, mmrkfe, ,nieaeO sned een elL ra..eCut in POeOe cWormt1 trariaport by tgiray
accoritdrge l aptcabte eriereatonal end national govern-ant regtitlieote.

11 e Am t aroe quantily genreralo, I ailrty that I hj4 £ program in plece to reduce le e nolm av ro iir ot waste genetawed to the degr I ha; 6l1em.ived to be
economray Pracicable and tiat I hae sailted Ins pradicable muedlto u nrqaimni, StIuag., P tipOeM cnrrly avagable ur ime 00 nitiiizes Ire presanr arnd
tui. treat o rurman heaent arme nonme l: bll. itt vi a sates qrrtily gieratr. i tre made a goo lan rsrr i0 rmnire my *aste geieraliud An seleci
the beet waste rnayengme. melh what . erawee to rm and iai. Pen alurd-
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-- - -- -e .a- k-m try p o cmm.ad h a

.c-..C - -. .- - - - -

RcwlHafr patSSLDWASTE BU~Rrra ONANRIA IFRMATONDLWEE

DISO-A -IT WAT - DN. ARhRrATO.

-Pa y m ded0 this buria r

rr P- 11" 040%. A qmte and d-_rbe __.

______ J5 is~ ,,r,>-

T e r m al2 22 ad 1h t anaread 8

S. T - e .cm e

- -. R-- -. Date f

WAST DECRIPIONCONTAINER INFORMATION
COmNUSTOBLt $

Pap- pl no'j 55 Gk:O
- --- ---- - -- 8 2 4

Cl.th $ S! .I. --

RHbb it

- - -

I __ -J L rr~ - m --- L4

- -S- - --.... 0-4-

TBre Pmiw:

- - )the,

L RAO DA CTIV MATERIAL CONTEKT

L:-1

D~C I 7
2-.. mo 54 3000 '.-1
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Pti..-'wtot9. ~intl~~ m imt I P AW.-o &M No 2050-0039 tq.n. 9
UNIFORM HAZARDOUS 1 Generators USEPAtONo Manties Document No 2 Page i Intormatien in the shaoec area- WASTE MANIFEST WA 789 000 8967 PNL-287021 o 1 's not tequre Oy Feerai law

3 Generators Name ano Mahing Addiess A. Soic Manreor Document NAnbreM. W. McCou, P
306 t6/300 Area

4 GeneratorsPhone( SW ) 376-1483 8 SaeceseraMoro
5 Transporter I Company Name US EPA 10 Whner C Stare Transporters toWestinghouse Hanford opany IWA 789 O0N 8967 D Tianpo~rle spon376URf

7 Tirensporler 2Coroeny Nam~e a US EPAt10Numbter E StatTrassponer St1
j F 1ranspgrters PhonyS. Designated Faciltiame andS~ie fldp 10 I LISEPIItUPuro"behon

Burial Ground 10 US EPA 10 Number G 51slel'acililystU
200d1
Westinghouse Hanford Company WA 79 000 8967 H Fec.ityspnone

US 12 ContaiogrS 13 14 1

No. 
T, Gunu -. oa F-.Ou" C pCC

E -

T b.

--- - -

d

J Adtiog U4~ Aboe tK. Hanotrng Coles tor Wases Lsted AboveSolutlra contains oil COlbatt-G0. cuit.. uranlum, andradi.
Flashpolnt 358EF

Ib. SPeciet Hlandling trtatrucsotws and Addit'a tntotmaiion
item a-i 55-gal DOT 17H drn

I1b tENLMAT e C1-1ERTtytCATtaN t testy iectarg that tie contet tv eii~nn t r ldacia.yisre i',tgor rip5.Ig hamt a t. r iasitia. padied. rmarian"i a i a r accas t g e ty _as r. , r
semireg to appcagi. ,"naraha end nattha Qavernrdr ragu alhons.

itt tin as arqjni qwt.Iett htte ga ar place acie thp vakunm ea tOaty at waste geriprated lain Cedgr.. h eap dalinydi is Snnm Sa lyht PasLi4i Arid satq I ltyne Metitied lme rialtiraI. imethod 41 iauitern. storage,fdips W aeni "ousi, is ir. hD l, iii-0 mi e nc ,n .. 0htanatr.te Iati.Man health andthe . a.,tamin . OR., It a a..11 qsanoitr g6he t-a-, t ere -ade a o. talt sti to -- z e. .n. . g pflrti.n ar ethe Dear waste rianan art irwirod theires atihfer in ins and thi tee n llots rhv ae odt alr 0onm nm o eege adslc
PritedfTyped Name .SnaruM 

hI- Joe WeM 
orbbOXYaT 17. Transportr 1 Acknowledgement oneapt ooatetrals

A Printed/Typed Name Signature Monh Day YvarN
p

Co IS Transpoter 2 Acknoeledgereit citRectlitt Materials-T PtintedfTypea Name Sgtrr oinDyYamonh Div Year
19 Discrepancy JAKAWOn Space

Fr

C

SFacility owner or Operatorru atp n
Print indITypetj Ntamre Sg~u MonP Day i e

s~~~~~~~e~~~ -EV- :e , A11 

, /aea 
Co 

Ic !]4 a02t 0 rvosdr0bresl
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4th QUARTER 1987

MFP 20ow 03A TS6 ( 45)
DISPOSE

DATE LOG

-----------
A102687 0001

TOTus--

CU. r, TYPE NO ACCNT WEIGwr ISO- --- --.. ---- --- -- - - - - - - - - -
216.00 HE 19 Ul0C3 19000.00 CI

/609-H 7- 00 YS
216.00

QUANTITY

0.04400

19000.00

B-30

1608H-WHC

TCH

TS6

WST
TYP BG CoM

N 03A WHC
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Rockwell Hanford Operations SOLID WASTE BURIAL RECOD - LOW LEVEL

USE BLACK SALL POINT PEN OR TYPE S.4/
DISPOSAL SITE " p' *o '' O"' Oog*"- ' WASTE GENER ATOR: WHC

a"'el Neosrte. CI: c C o., ctoor, 'go N
-rasusl eu N An r C....'.....C..Jwj eY' RlrAiLLs ______

A,. f- AAdor . --,N

N. 2 S -'1608H 3-1461
A-- 1001

-dueumenrr by a P'operee fl.ei,,~ Plest .md desc'bqd helevaN.---1pahr , cm TO R o.MA -'2 god rho CIpprrt. Bumal. Copi.

Sgnet,. er.=pre eante chEtgheet IUCCI.
; w 3T h e 3 T n c ar n

WASTE DESCRIPTION CONTAINER INFORMATION
COMOUSTIBLE "IEIFRIALS NONCOM1LJSTIBLE MATERIALS a Ta

Pap..: P rotlatt ' ia .. t II ~ .. Oumn _t.... N e b* r d * 21 ES C..:IO' F otio3d BT,
2u 

_ a - 2.1"

- - 6' Other 90 Gal. Bondico Overpack Drums

%CC Ahc M,, I- BCC A[n. .P.

-$. .g.e 3-1R-7KM-X
Si u e . t57 e or L W"qn Vr H

Absorbent 40'- 28 1/3" Dia. 38 1/4"
Mate, a r Conrvror

Fiberglass/Pol ethylene
T2,, - TO 9 Nuclea' Traoacon No oo-ry Dlwoo l R*6eq r %0

.~ 10 .- N/A N/A
HAZARDOUS!CORROSiVE CONSTITUENTS N tA N

- Toral *%o, .53 Po r
Name Qusttry ILb o.4 Volume G'm -- flo r

D005 - Barium
Cadmium 20.0 AASTE CATS -RI-S

nn Crhromim -. CE S
D008 - Lead -22.0 _ DO . C

0009 - Mercury 2.0 Themal Pote:&

[a 0.1 w/113 or lest
0011 - Sivr _.' D&D 88-D-Ote

RADIOACTIVE MATERIAL CONTENT
TRANSURANIC AND URANIUM NONTRANSURANIC RMW

Toral . 'ur e
Elemonr ISt-opic Distribjon [W %i Elemen tioo c5 -...

- vWghi -.. r_7

None None e o br

Eu

____ u165  *~4Eu _D

None

Sur vey/ Cal Cul at ion

54 3100 Sat 7 R5

B-31

LITRI IBUT iON. i',Nm SWPDU M2OSE 200 E
Caoa . TFS 272.W'200 W
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&/66 <7c-o $
1

r

Plea-nwtYPO /o6snedt..usa o n .tle / - I
- ' 0vinsMtrg~v Eiipe 7-3INS

UNIFORM HAZARDOUS F Ge"'r'ors US EPA ID No Varn-ievl '31 1 ct nimation I"n shaded ltre:sWASTE MANIFEST WA 789 000 3967 3-lR-7 -X i nteQiaedby Feerattaa
3 Generator % Name and Mailing Address A. State Manifest Document NumberDecontmination A Decowissioning Function
1720K/100K V. 0. Apple 8 StateGetoe-al-sD

A Generators Pnone I 373-1461
5. Transporter I Company Name e US EPA 10l Njnber C. Slate Tranaponees IDIbstinghots. Hanford ~~P y LWA 789 000 8967 0. Transpcnerappone £M1-MS-
7 Transporter 2 Company Name 8 US EF-A ID Nisnbe' E State Tiunwns ID

- F. Tranponra sPhone
B Ds.ignatedFacirtyNameanc SteiAdaress lo US EFA IDNumber . StatefaclD
Low-Level Solid Wste Burial Ground
272WA 200M Area H. Facilly's Phone
We.tifngholl an a rnwany raA 789 000 8967 373-2128

Ut 1001 Desciption (tncludUtng Proper Shpplng Name. nezro Class andeD Numn5rj '2 CaOW 'U Wase NoC ______________________.___________ No Typ Toar~ UrN! aieN

" X n.o.s. UN2982 MTERIAL -20- D4 OG9- K 0 0,
T b - -

o 0011R-

C.

d.

.1. Addillanal Dascrinlon for Mali LOed Above

Contaminatud sludg Material
pH 7.6

15. Special Handling Instructions and Additional lnformation

K Handling Codes for Wastes [sted Above

1 GENERATOR S CEFITiFiCATiON: I herey declare that the cor c s a thi cns:gr e. - a'e u . anc accuralely desrte: by ope.shippn, .ama and ate classrIfed. ec. marked. and tabelec a-: a'e n all esnactsmr --- : :n for t - -- y prop
toaP0ahleinternaonaand nationaigovernment regulations - n ransoo I - .,ay accoran;
Unless I am a small quantity generator ho has been eAeiptec : -e te :-y to make a waste r-n- r: cehlrficatlcnrnder Sect-,-n3Wt2lbt of RCA. larso;:ertty Inattnaveapcg-a. zctrc:tnn r -trctowse~r~.:onogeI have Wieed to be nccn'rn-za.; -ac;zaole and I have sewc:ez :ne e-- . rr; discosalte ,.- il- al ti aretwhich rr- zes the oresent and t:-- e nreat to human heatr a:;.7r e. -d

y PrirtetTycea Name -atur0e ay Yea'Y.D. ppleA /
17. Trasspoter I Acrsnledgemerr te~eoz 0tMaterials L, L

A Prited l.ced Name Z r.':ih Day Year/ .. ,- - -Dcy Y--*

o lB. Trarscw-tn 2 Ackiycer:edgement 3 le:e P1 of Materials
T Prn rya. r Nauie tc -eMuv -c) DaaYa

Prr~~tea:Nme,~ ;a- r tnIc Day Year

A
C

20. Facility Qner or Operator Cerlcalic.cit eceipt othazardous a~.escee: a-et: erca: s holed in tIer.
Y PrinteC 

T
yzeo Name S.9re .l Di y ye.j

Styie Ft6R. taci rse- . ; Anerw -a r- 
0
L Cc ,nt 0046 -sr..~62~.ds~dinosiiTRANSPORTER 

Ea- -2900.220ew CBe.s. aede-

TRANSPORTER -2

B-32
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4th QUARTER 1987

MNP 200W 03A TS6 1 65)

WST
CU. FT. TYPE No ACCNT WEIGHT ISO QUANTITY TCH TYP BG COM

1.40 CB 1 K310X 90.00 CI 0.00100 TS6 N 03A WHC

213tYsz -y '?- 0i2&R s
90.00

B-33

2345Z-WHc

DISPOSE
DATE LOGN

102887 0001

TOTALS... 7.40
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Rockwell Hanford Operations

'St BLA.r -'Ni ILI. r' T1

DISPOSAL SITE . .'

_ 
0w

£4 1"' 
1  

" '9e C I

sz4L A ~ I2 2 7Ae
/-2

SOLID WASTE BURIAL RECORD - LOW LEVEL

- 7
WASTE GENERATOR: 1

-h.. ?'e 5 DOE o oNo

-. -- 3 --

N4 -p-133 ----11",J' - h' - , -----
hitoer, I NC)o m t O r.'.)'t''it'l' 'rr..' i t tin're iart'r

11ir4iP A 9 o'- T. RHD MA 222 a; . tr ' flrt',r' Cr-mpci h. Chc -. accI
3 Tb' r- a CIC5''I'Citn t

WASTE DESCRIPTION CONTAINER INFORMATION
CCMBuS:1GLE Y.tAR:AL5 I .OCOMBuST.E..E A7ER.ALS I CI& '-

55 C. " .O..-r,*ro. o'
Pape P-0our' .6

Ruhb 
0 p

-- -- rmere 0' ite- c' eWIC Me y

--1 -a.& 35"
MNo. C r '_,c-or. .

TonitThoe Nuc eor Ita'sa--o" No. ProtarC, 0 mnota Renet '

HAZARDOUS. CORROSIVE CONSTITUENTS 4

e'~ ~ 0-aR PLR ___ n__ rota 5g V'0P"" T,

AMALM 9M cegMA renV ^- aST CWATEG Remarks.

-. Bvu K C COM-rAMNTr.D MAfaI/R'/

CE 5PIL dawMEgIA . kI 7-..
-D---D - WS rtJM s M/L Nr

Thermal Pa4: jiNeR'
0.1 ntt or It,

Other
RADIOACTIVE MATERIAL CONTENT

TRANSURANIC AD URANIUM NONTAANS'JRANIC

Elmet Ii!sm D-.s r'o!cr- Wk ,0, 1too-

Ms - - --0

ISTR 1'7, I wBe . SY.PDi,. 2750 200 E t jrlo 5Sf -'1
000cr- T~5 2-2.N 200 W

P.- Re' ' Sh-oer 200,

B-34
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Pl aoinioiiriie #arndn.ged is ue nerrmuz-parci% e' .-

UNIFORM HAZARDOUS 1 Genraro 5 uS EPA ID Ne

ASTE MANIFEST WA 591 MQ 8967
3 Generator s Name and Ma ting AddresS

0. W. Faulk
234-SZ/ 200 West

4Geu s nPhone 1 509 373-2337
5 Transpnreri Company Narne

wbktinvehre M.nfwd
7 Trrnsrrie 2 Company Name -

9 ts ia1 jcy e urAii
272 WA/200 West 7

93 7/ t% 7 f I
2 e I intormatoe n t ie shaded aleas

if gSOO I ., I sno 'i CO -,detal kan

6 - USEPAIDtr
I UA 709 ants %7

-USEPADNOraarner

US EPA 1) Niter

WA 789 000 8967

I Us 007f Aesiptian ithtchfnQ Proper shiprrg 'a-s Haard Class .InI O NUMgbn,

b

2. Conta

No.

Radioacvtive aterial, Radioactive
Low Specific Activity Material UN2912 1

I-f

d -

J Additional Ce 4 pzions for Materials Lsted Abovae K
RAd ixed lt . ry hazard: alpmated
arcury. 0 09, /Pc,
Dru No. RZ-211-A17361

15 Specal Handling Insiructors and Additonal In'orratin-

-
-

A. Sato MEMhst Document Number

Sstataenemarzs ID

C State Tranraeonrs I5D
D TranspoaersPhone 373-253-
E State Transponers ID
F Tranpoies Phone

G State Fiorty's ID

H. Pacriy's Phone 373-1181
iner 13 14

ay Quin-: _:-;_

90 P
D M M. 'I

1-4

andring Codes tor Wastes Listed Abase

11 GENIERATORS1 CERTIFICATION: tI ebety or a-e :ra'-.' corierts . *o;nment are 
0

L1
5
l an . - e;1* ,a- 1 ,s5hpping name and are ciasS.riec ppcked mac a ir3;eiej and a" es 'S I a . prOSer.... .. o.. -tp applicable Ilereitnl-tna? n "atotral govern- e -eg a2 rs

Unless I am a snM quantity ganerat- vj-' o -ny e E -. iy sta Cir z rim ine V -- ,under Secton
3 00

20)ofRCRAarsoe . ace toe sn arI tov dreriee to be econoarcay Prac ca . - ac se'-aTec r: menoc or treatment sici
_ -mizes h, prese Ind su n, 'e. - - - end line ei--ne
Paie/ypeo Name -

D. W. Faulk 10 2 87
17 Transporter Acknowledgement crece!rte-. C' -3S

A P;nled/Typed N

o B Transpurtei 2 Ackno,4eicgem.ent of Receipt L %e a-s
1 Prnted;Typeo Name 7-- Dar

19 Dscrepancyindcatin Space

A

20 Faciiy Owner or Operator Ceretonl. ci 0 ' --- ' za- be - 7e : -, Ins manest ece-
Y PrnIedITyped Name .' I -Vdi'e

Sryle iO5N-6 Labelrasier Lii 01 Ame- -an Loemrnar C .-- : B-

TRANSPORTER -2

B-35
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DISPOSE
DATE LOG#

102987 0001

f 102907 0002

102987 0003

102987 0004

102987 0005

102987 0006

102987 0007

102987 0008

. 102997 0009

102987 0010

- 102987 0011

102987 0012

O...TOTALS...

4th QUARTER 1997

HFP 200W 03A222S -WHC

CU. F. TYPE NO ACCNT

7.40 CB 1 WL27H
,. 0  V4 -i2rH9

7.40 CB 1 WL27H
.;,2 -- - /

7.40 CB 1 WL27H

7.40 CB I WL27H

otx --eK - -3z7.40 CB 1 WL27H
a-.2 -r; -- 7j

7.40 CB 1 WL27H

V-f,6- / 7

7.40 CB I WL2 7H
7.40 CS 1 WL27 2

-a22a -4- -,z

7.40 CB 1 WL27H

7.40 CB 1 WL27H.
7.40 GB 1 WL27H.. -0- -p
7.40 CS I WL27H

TS6 ( 63)

WEIGHT ISO QUANTITY

180.78 CI

180.78 CI

160.79 CI

264.56 CI

220.46 CI

246.92 CI

249.12 CI

244.71 CI

238.10 CI

246.92 CI

187.39 CI

190.78 CI

WST
TCH TYP BC CON

0.00001 TS6 N

0.05800 TS6 N

0.00000 TS6 N

0.00000 TS6 N

0.00000 TS6 N

0.00000 TS6 N

0.00000 TS6 N

0.00000 TS6 N

0.00000 TS6 N

0.00000 TS6 N

0.01490 TS6 N

0.01500 TS6 N

2621.31

B-36

03A WHC

03A WHC

03A WHC

03A WHC

03A WHC

03A WHC

03A wHC

03A WHC

03A wHC

03A WHC

03A WHC

03A WHC
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Rockwell Hanford Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

USE HOACK BIAL PO.T PEN OR TYPE SWOR NO -7 =.
DISPOSAL 0.' CI 0O 10 Comna-'n I WASTE GENER ATOR

A -i nd o 0-n o C CE -

Ala an t 3on Me T'n Pro-. 00

R W -' p- /k l
C -O- No O*"r'*.' COO'OfltS l 22-

-q4 LQb ' Z27{3
A oerfy that . No cWot;r prope s iflCyded 1h5 tk,.oI unmes2 N gdo-nenicd bye Pope oosa qoP ad Dlicnt. 1I0 ler

2 The Hi, paCiari? d1(1' p - I W 0 0 ., , -p' h, _L,

1TCkage Cootom 10 RHO- . 222 ,'1 I ll A Ot .0 CoWS.

ance Checkbhov IBCC

Signaruro

WASTE DESCRIPTION CONTAINER INFORMATION

COMBUSTIBLE MATERIALS NONCOMBUSTIBLE MATERIALS QumnoTy & Nam £

Paper Poducts G ] - 7- - -

cloth - I slainless $ire,
-_4C' - CC o o. oC., *

Rubbe_ Other Metals921M

-;kmDiawuer or Leigro a r1

j ', Moioni CO-0l 1

-tNutea, TranNact o N0 P---ne 0Dwon A-.
Tossa Total ............A ±.....T'"I

HAZARDOUS CORAOSIVE CONSTITUENTS _ P

Name QurnrnerK me -

kzcz-IuzeLmc I t a... . WASTE CATEGOkIET Remo'ks

BVI. A a'
.:7 CE

Toermal Power-

-CA. wfl or ls

RADIOACTIVE MATERIAL CONTENT

TRANSURANIC AND URANIUM NONTRANSUR ANIC -2..
Totai G'an 41

Elremot sozoo'c Oistribtton CMa 0P Elem Iotoot

1117 ------- \

n4 10 I Ill By
I rb 14- ff!M

DISTRIBUTiON A'- - SWPD 2750-E 200 E
Cr-: . 7FS 272-W 200 W
P-. ReTn ro Sh'pon 200-W

B-37
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Rockwell Hanlord Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

USE BLACK. BALL PDINT PEN Co T*PE SWDR NO

DISPOSAL SITE """" 0 - 'a 'o-p,*,-' s WASTE GENERATOR:
Area Bor** 0G.'o . T -c No C'.oe Coe OE A.Ier Iet.eo N#A

vow w'34 . -~'~ 00

C. itO' No Be cor- Con-a., - /

N

N7 AC 7-h- 1. No cofot o'0(oe'v -s ncluded ,n tit buonal u[ejj
M. docoraeeed baPropry Doose Rqrn.PL: !nd de terrord

Rema->s 2. The -ivt owckag de-c Df-Gr nsl-s is Comploe'- -4d 1h, aj
package cor (-m to ANO MA-f2 a,, :I* app'ior 11"'I Coporo-
rOO Cheokhne r6CC'

S~ra~.teo~oco ~ ~32~ 
0o1 0 10s col:

WASTE DESCRIPTION CONTAINER INFORMATION
COMBUSTIsLE MATERIALS %CCC-rEBLSTIBLE MATEALS Qouot U & Ii N Siaoit

Pacer Produrri F . . G-at, - *O s o- f I- P I. - Irr Boo.

Flasro c Conoo: - .

0.0, . se-
hoor - Crr'nn-,

Wobber OrE -xt'_

Nte . C' W r C 3

Too - Nclear osi'o Nr . - RNauet o

RAZARDCUS-CORAOSIVE CONSTiTUJFTS

Nam uonr, I Lb a, Kg olme - - og--.

WASTE CATEGORES r

T btint P-tvr

0.1 . 3 o I. $

RADIOACTIVE MATERIAL CONTENT 1Y

TRANSURAMC A\ MM NCNTPMSURA'qIC 22-7-
Toa Giam

Eleme, lopo Dtt,.Iot WI : lemmr; tstlo .I ', I I-C-'r''

-72 -

Meremeor Ntmotl Duo cooed By

J ,
0ISTRI UION 0,- SWPD,.. 250-E 200 E

Tar. . T 2 2-V. 700 W
P , . Rej..o 5' 6-, 200W

54 3000 Sal aO

B-38



DOE/RL-2014-43, REV. 0

0 2A2, -Y( /3

Rockwell Hanford Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

S

B-39

I - ...
US$ BLACK BALL POINt PEN OR -PE SWB. NO / -3

.WAlSTE GENR ATUO .R:'DISPOSAL SITE smaeseo-cag oeDEAto lr"fe
A G'go- N. T10 N 11_ _

41 / 41 -f') =
n.,nI Co.CII Pa? capt propely *i seCluded It Iti m 10 uniles:

N dorumeemld by a P'ooertu Desposl Reque, a-d dewrd b. O
-I Ire 2 o e oacOIge deSGjptoe IpFow .% clmplr-p and the wasl.,

ksCkgEO Conoo'mi 'i RHO-MA.222 nd l. AIDINci B--i Crop

once Cheekstt'ur IRC

59.5w a tue..

WASTE DESCRIPTION CONTAINER INFORMATION

COMBUSTIBLE .TATEMAI NONCCMBLJST 1LE MATERIALS Our ' & Nam. Sul
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'2 Containers 13 14 Li1 uS 11 i D'scripteon (ncld'ngsbopersnpprgname Hazaro Casp ddDNaberr Total Unit Waste No.0-- ________________________ No Type Quntt wQ~oi
a daste Radioactive RadoactEve

E X taterial,LSA,n.o.s. Material 8N2912 S DI 210 K F003.

b aste Radioactive Radioactive 12''M--2 K -0003
aterialLSA,n.o.s. Material UN2912 2 om 52 K DOO3

c Waste Radioactive Radioactive . j -rl 00L,033UX 'aterial,LSA,n.o.s. Mfaterial UN2112 I DM 2C K F005,D001

NPWl ICO1

J. Aditional Descraptions to Materials Listed Above All drus contain Flaambi. El*gng Codea for Wastes usled Abowe
Itema. 8 drums xylene 100% (labpack with 1 gallon palp-bc tips)
Item b. 2 drums acetonitrile 1001 (lab lZ Ith 1 94119. . s
Item c. I drum labpacked In poly-bottlf tI : th o 1- 62.),Ethanol - 3.2%,
Te. nihuty A ethy1marhaw haS -- Tribttylphnophats- l.

15. $peciomar ,,r f Instructions and Additional inform ationNormal pardfin hydrocarbon-3.1%, Trioctylphosphineoxide in cyclohexane-3.2%, Aliquat 335
3.6, N-butyl acetate-3,I1Z Carbon tetrachloride-1.01

16 GEMEASTOR SCERTIFICATION ' h hcire core - i a 1. y a'd avcuialely deSrned aae -
- fname and arc 3ts led paCke" marte a:d EeOC at t. ia 0~ rere:ts r-per COCIlen or laarspsrr s050

ay
-c:: a Caseo mernii al a'c ninar g er reyur s

'is- a a anliy garielarc' I ly hai hav a a r Crar n .ace 1. re0 e Ire *i . ,I g.-y M aste !5.a a ti 0 . r- u. "r Ote
- :- alca0 - a sa atI iria seweten [e piraicaLer fnei- of rrea'len. Mvraqe 1 d.00.al Cule-ty avaIlabe a e wNlch m a.S th Otesert a-

. -I' ,a, a uran eal a' ii 'roree C air a a Paw-Iy generaic 1 la-made a good laith eliat to min-in s my waste gies an aid selecrime ces kalrrarrsgemlerl m o at esa:iaste :e i e a 1 -sr sacalao
Prirea aTed Name - Signaree 1,11Yr Day YeALD.C. Blevins . ~
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Pins i.i ypp (For- desiged to use on elite (12.pchitw IIp owt.-

UNIFORM H pAZARrU Da . es US EPA ID No Manifest Doc .mSt a No 22 Tnaofration in the shaded

WASTE MANIFET A79 000 C967 222-S-87-003 2 of 2 lw

0. Trmnnpgflen'S Phon

2 n G nn r aona L State Manifeat Dmumernt Numbbir

D.G. Clewing/ 222-$/ 200W/ UNC U tt enrJ2I

2 . ontale n ta 3'
24. Trans oef Company Name 25 US EPA 10 Number N. State Tranispontes ID

destinghougl Hnftrdl Company NA 779 000 8967 0.Tianvpotwom-hne 376-1426

2$ Tr anspoter Comparty Name 23 US EPA IDNumber P. State Tiranisporters ID
----0. Ttgnspores Pho

ford 
~29 CONMls | 

30 13 1 A-
8. US CT Descrpton(including Prope. Shpping Name. Hazard Crass ald OD Numbet) Total U n Was No.

aste Radiactive Radioactive FI 0,D 1O1Paste .0001

1 aterialLSA~n.o.s. Material U1N2912 p 1 0M 26 I 003,UTD
_T02__

b..

E

G d

e

T-

SAdditional osCtiptIons tor Materials Usted Above - T. Handring Codes for Wastes Lisledt Ao

ites A. page 2. Acetonitr1e-16.6%,Nethanl-29.1t,
cyclohexamone-16.6%. Xylens-12.5%, cyclcbeane-4.0%.
Normal paraffin hydrocarben-6.1%, Isopmpyloalcohol-4.0
EthafolamiMe-I.OZ. TrbutvlchOSchatI'd-1. 1-tui acetate- .1!

32 Special NaraFg insIfuctions ard Additional intormatoon

T 33 Trnspone' Ackoledgemenlt Of Receipt 0t Matera 1i . Dare

A Priteo/Typed Name u3, lue onih Day Yep'

o 3 Trasporle - Acknowlvded ra cept o Malerea s Dare

E Pinledflyped Name gn ay ea

F 35 Dscrepancy Intdicalion Space

~ re Ft LaneiM C g L .46 EP A 7O-22A3-t4

B-52

N

C'.

n.manswesomenn, see.asi
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&

'"'ic

I

A..

N

340 -PNL

DISPOSErDATE LOGg
--- --- --
100987 0004

T-a4 100987 0oos

100987 0006
1 d
103087 0007

103087 0009

103087 0009

103087 0010

103087 0011

103087 0012

103087 0014

103087 0014

...TOTAL-S... ,

4th QUARTER 1987

MFP 200W 03A

cU. .. . TYPE NO ACCNT WEIGHT ISO

7.50 CS I PNL340 357.00 CI
Yo - 0 A2.ZS

7.50 C8 I PNL340 297.00 CI

7.50 CB 1 PNL340 71.00 CI

7,50 CB 6-PUL-40 650.' CaI
7.s V O-F7 -ol 4e .

. -77-3 vwM4-3 -1000 00 CI

7. 50 325.00 CI
- Z- -? 607 Z5 p w-- 325.00 ci

J Y' 7 - 0.23
7.50 CB 1 PNL34O. 325.00 CI

Jft-J'7-0; S CIt7. 25.00 CI

7.50 ------ 325.O0 CI

7. 50 - -P - 325 0 cl
7..-

82. 5o 3"0

B-53

TS6 ( 17)

WSTQUANTITY TCH Tfl BG COm

0.00500 TS6 N 03A PNL

0.00500 TS6 N 03A PNL

0.00500 TS6 N 03A PNL

0.00100 TS6 N 03A PNL

0.00100 TS6 N 03A PNL

0.00100 TS6 N 03A PNL

0.00100 TS6 N 03A PNL

0.00100 TS6 N 03A PNL

0.00100 TS6 N 03A PNHL

0.00100 TS6 N 03A PNL

0.00100 TS6 N 03A PNL
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Rocwel Hafor opratonsSOLID WASTE BURIAL RECORD -LOW LEVEL

- WASTE GENEW AOR:
OISPOSAL SITE .. _ e.

7777__

Eth'y fiat I No cap.. . roei , ,Cwded i thi, bD ' nis

a ocom m~a w a- propesly Ojspra Rtvmlt and doW Ad c
Th, wast. pakage deWCr.b " "o * Iomplil d ie

A~~~iiibikg ~~~~~Pa- ai? Ll,rm RHO-M\A 772 xitnhpW aJ o a

air CwL Ic <8CC'

OD o 3~ Thr c oCdetaCinet

.gnData

WASTE OESCRIPTION CONTAINER INFORMATION

COMBUSTIBLE MATERIA --- -24Ea

Pape, Product' G 
r .... S i

lCth

IT"~ U in LCtl5)i7,1-

ota lNo. 
. D 00 ue

- ---------

HAZARDOUS CORROSWE COrStTuE TS - - K O4-

Ks ., 111Name !Y---

rE C

L11)
__1 _ < or em

RADIOACTIVE MATERIAL CONTENT

SURIC AD VAAN1C raOTRANSURANIC

aTotal --

.7- E 7
r titr

Pee Re-wn S. 5pnr 200'IN

B-54
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7//i e ct C7 - to
dasuivivi rAin ta, re-mu'.. . . -.

UNIFORM HAZARDOUS 1 Generacr's US EVAtD? Mae D., N7 te .
WASTE MANIFEST 6A 789 0W 8967 POL-287029 j'5Iiyj

306-T6/300 Area . r

4 Generator's Phone( 50R, 3761483
5 Transporte i Company Name

Westinghouse Hanford Company
7 Transpoitei 2Company Name

9 Desigalad Facility Name and Site Address
burial Ground

2OW/Westinghouse Hanford Company

6 US EFA 'D Number
WA 789 000 8967
8 US EPA IDNumber

'0 US E PA If Number

7 WA 7RQ Ann A7

II us oI lr'sntrpiod tIncluding Preper Snipo-rg ame Hara'd Class @no ID Numier)j

Radioactive Material , 'Pe4son_- UN2912
LSA, n.o.s.

fl-

C. Ste Traipmr'SID
0. TvMuoafr'pgtos JjrL-4 U
E. Slto*rarupiutaiw
[ s. Tmauphoree'g Pas
0. Suge Fgeusy rn

N. FICIVSPhiGM -- f~
12 Contaners Wse No

No Type Quat,,M WI_ _

2 DM4 593 1 Kg ,0M. WTo1

J. Additonat Dowcriplions for kklerials Listed Above K. Hand"in Codes fWase sListed Aov
Ms contain cmntwinated lead wrapped in plastic.

15. Special Handling istrucions and Addiloa --

item a - 2 55-al] DOT 17H drums.

16 GEhERATOR9CRTYFICATiON -Fe- . - -- . - I'daCC aai..
P'cper nhiovi-,,i and -t cat'ico va..: - At 4 ca. ' i 'ir D5iCv'e Vlr:i tnj

a iidv I ovi.cabIe inle~ia~oal a,,a nal-ia a:!--n :.*i

I I ei '. n o I viy n, I 1i d cc fome and lvunlty 0! vane g de': n 'it :; e a- .- I dete'l e: " :eecnfdoicay praticasle a3 'ai nave sepEaed e i 5 'oa v
1 

.- eilntl siorago. o'iAipoi cre'iitin 1e I" -. 'toa Ice 5!5" r:Ilou theal to heman n3ah arid the env,iorie-c OR a a Sna-- c.,in-11 ge'raltor I hoof made a good '*.ih *. .o - ic - o vocia n a-- - 1lhe iiii .asie inonagernvi method 1ha i a at.:-, av - .

PnntedjTyped Name atare
Jim Gose m a I J

T 17 Transporter 1 Acknoledgement of Rece: %Orea
n Printed/Typed Name , , I Stnr2 e Dl.D2 - - --
o 18 Transpoiri 2 Acknowlecgement of Recep Vae. a 5

PrinledTyped Name itc' lood, Ca.E
R

19 Discrepancy irdiCation Space

A
C

i 20 Failily onnet or Operaor Certircatlon C 'e - ' aza's a c eo my manles e : ar ;ta elrm 9
S PminleduTvcpsd Name I

,1. .** 1 *Von:,-
-. iicF~lL

Siyle F15REV6 La4e'nrn' D!. ' A'Ica - EPA 9rero~savs,;, ifii.Qh.

7P AJS PoT LR 2

B-56
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FRockwell Hanford Opeain sn)WSEBRILRCR O L

DISPOSA L SITE - '-7 -
-e- 7- ASTE GENERAo -

------ L - -7-2 - --- _

CO-'trot 1 d t p~ 1J PoVlv nr burial unless.. j~iL~tnlrl1 4 P~e0 D.'w 00T roes i$ desCribed becos.
j, R7 'O ,M A,22 ad ie a B Ihe wasl ,.-~ ~ ~ ~ ~ ~ ~ ~~# -jC --. ------ o.0-1o ' .Cadth a

WASTE DESCRIPTION -Dte
coues --- - - J_9NTANER UNFORMAT1O

.C R ubhe --- \ --- - *
0~ - - L. -- iiJa------ Sarirpap--

____ or. Fioerbcafcj 8oe
18' Ox Sx24'i1

-ci Cw ~i~~-- -

Tor.,

-I -----7 -- 3;5 -7-- '
_____ 

SRPt5 CAT-C

" S 'Z - - G i 5:

- ,0 S

--c

wilt or loe

RADOACTIVE MATER IAL CNTET
Jlm~ *-NS-;RANIC

Ele ent''coi r -
--.

Cn

Totis --

ecnscsem--n - -

D STR BU -- ' 5--
- : -- C -S' .7

B-57
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jr- 
-g

Rockwel Hanford Operat.ons SOLID WASTE BURAL RECORD - LOW LEVEL

USCC /Lr A1

DISPOSAL SITE WTE GENERATR

Lq/- 2D 7-- Z-

-Pane di Phoisuon..,le

--- -- -A PW 4 a Reaueso and dewcibla tbe
- ~ d. o eCG l & comP et, amd Ile avte9 ~ ~~~ .. fm4 RQ d the 7 00ed 8u-8, C-rn..

s- --, -- -ccl

_ _ _ 'VtyT'i-
-ASTEo/ErRNoTI O CNTAwNERi RFOoMAT No

C M HATAPDCV iORAs O- -V Cne-

P_____P_____ - 51___ F__ _ b__ - o z
B&Ac~~on~-A ---- -~ - -. 1c-GOPIS4

Rubber - 1 Oh., - -- e a t
-- -7 -r.14'11 IT r

-H C ? 59-

Tot a - r NOhere -equeI' No

HAtARDOVS C0R80$ ,E T

RADIOACTIVE MATERIAL CONTENT
TRANSuRAtZ AN'C C SRANC

E CA-o: J 2or O, n7 -

... ... ... ... ... ...... ..

7o!.4

To ,aJ -

Measuremn r B-

P m ar. c sir ii i

B-58
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Rockwell Hanford uerations SOLID WvASTE BURIAL RECORD -LOW LEVEL

c'PO A a n SOL -A----T

- th- -1 --- WASTE IGENE AT -- - -

- -71 9''1. ' 2 ~ ~~

C) I- :-2D ura Lwn'

w--" , ,s -

WASTE DESCRIPTION - -

- --- - - CG T N |--77A7- -

_..c L u~ t .. -- R- -i- -

P0p- __~ ~ - - _

Pajberi- - - - -- - - -

-Q - 0 -3

- - - --

Tour §2W - - - - - -

- 1,

- --- -L O t: '
- -- - RADIOACT VE OTERIAL CONTENT

B-5 #9

B-59
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Rockwell Hanford Operations

AA.$ BALS t . 7L T PEN DR TyPE

DISPOSAL SITE t, -Io i

5.1 Ia

C. - , NB - A /\5f

Jvc, F7- 42ls -
SOLID WASTE BURIAL RECORD - LOW LEV).

WASTE GENERATOR: 32 7
M 0 1 .h ci''o a A

IC.0m111
4 7-.' 1.t .No :ap-lir p'cpnrsy s *nr;aied n trns buria uness

-- e__ _r__ _r_ by a P.-oprs Dmiosai Reqecs and descr*bo oow.
-e--. - n ! aste oacmage dvotan ltow *s co"rio6et arid the %4t

-oqe conicems to RHC 5A 222 and the approved Burial Compt-
-- 'c Cite; inct; eCC .

S soa n '..'' 0..'' 3 T argrrflrlelisrn..ri.,

,. ,,p ~a Date[ssj _ ___

WASTE DESCRIPTION
CO'jBUSTeLE MATERIALS

Pare

__________ -___

T a

CONTAINER INFORMATION
NONCCt-ZS..LF ' . Hanoro Stmna-

-S- 5Gaon oeroard 5oes
- - 18' . 18 n 24

ti i t

1 - c -eng, W d Helph

0 r m} r

I"1 1 n ., Di tpo l Request o.

HAZARDOUS CORROSIVE COISIiTUXTS

-- . . . ~ Ov;Weyht sr =K o:s

P tcA L.o ! cn e Ai t / AA1T3 CATEGORIES.

I-- .- I-

Trrerma Power:

Other

RADIOACTIVE MATERIAL CONTENT
TRA;NSURANIC AND URANU.. . ITRANSURANIC

Rqmarks;

-/- 'a

r - ____ ____ _-__G____mE_ _ _t - L C-

5 ri- In t-TAt
0ISTR lB(UTION~ .'eh 51PDJ 750-!E -GC E 543000 --B1 M

- . TF S ?72- 2 -r . .
'.E 0 ;,t.Ppp 200 i .

B-60
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-___ __4 -$7-_t4 :37 y
Rockwell Hanford Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

. L I P r.- L It I -

DISPOSAL SITE - WASTE GENERATOR r
-e - . * DdE Aulo 1sn .

1 o cap, rfl ty icuded in 1 bt a'a uniesi
-. -- -i ProPev Inosul Request md descrbed below.

* . o r~e r r k .' i,~ o ,, lo , is com re e an d the m a te* Illy a- d e appreed 1A- Compl.

210/034-ir
- s -- -Date/

WASTE DESCRIPTION CONT INER INFORMATION
_ hi SLt A l~ -1 - . HanIo.3 Si:oos1

P6 Gallon O be-bo.b d Bc

-s jrIler- at

, AROO US CC $PIC SIV E GC tS. T1 
L S - --- - -

- 6 s We ,.ht -ra

S~~ emarks-a s

TPANLj~l l:C..x:0.1 &pit
0  

or less

____ -- -- - - Themal owe. J~-other2
-I- - I 1 -

RADIOACTIMATERIAL CONTENT

-A 4 -t'4J L

r , j - -- -

B-61
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Rockwell Hanford Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

i..C Se ALL POINT PEN OR TvPE SA%~ 
2

fi'aL 7~ ....... fz...
DISPOSAL SITE OE.;:::. WATNEoATR

At 
mB& 

_i" .MDL R&I A

200 7ZOO ( //f 4420 _

E C mi _2 1 No Lri.T fi ti v It ifmCI.td n this bur rt
o Ptorite r.:,iAat Request aid destied be or,

.7 .t 2 mTUCJi ii b.ioV. s comtpitht and the *as't

.47 conloams c RHO MA '22 Ad ti a med Bur,'l Coaran
_ - r. Caeciihftl IOCCI

3i~.'t .ett'D- 3 T age Cc± is

It- D- 
t

WASTE DESCRIPTION CONTAINEk INFORMATION

- - - - r'eanr:-
COgg HUBLEMATFRIALS NONCOMARL1lEB, :.g-. & GT*n beilrt :.a

P-oa- Fla'
p t

-p t Coan'
-- . a ,'stit'

.Rutoe' Ottiet Mieai.1/r~ .L.n emt hr as

Sn

- - -otC No.

-Tcua

HAZARDoU CORROSIVE CONSTITUS j
Name 7-.**j- '- iZ75..

Pyc/i 7
- - s 1 A

I /ft
3 

or cis
Other

RADIOACTIVE MATERIAL CONTENT

TRANSURANC AND URANUtJ I .0 4ANSURANIC

hotOpic D'wriflinO n (w - - I

. - ~ _ . -------------

z 
7

rSTR u TOo. whoe SWv .U 27303 2001S
Caldy - 7r0 21 W 200 W
P.- , Rc'rn to Sh.pp' 200
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30 t- 4 t- Ii A * a~7
F.'. 

t
a,~~rI aL4ftckr 210.0 W}F'F F .rr.rc, ~WI .1.0

y -I "on -I-- . C - I -car A-,, - a'. C: tr; 6064b EPA Form 67', 7 S 5o. Pa-. t: , e -, - on

TRAU.

B-63

UNIFORM HAZARDOUS e nerators ' US EPAIDNr Van-r CorrNo 2 normatonho sNa.e! areas
WASTE MANIFEST WA 789 000 8967 1 PNL 287023 0 , rI noimautea y Feeral law

3 Qenea.or-s Ia-e a,,d MadIrg Address A. Sat.M 1Neest Document NumberM. W. McCoy,. PNL
306-T6/300 Area a staw eneralo$, I

4 Gq9eal' e 'qr f 509 376-7688
5 Tranporter v Cormpano Name 6 US EPA 0 Number C. Slat. Trpoter'. IDWestinghouse hanford Company W4 789 000 8967 a. Tra pona?.Phone J7b-14Z0
7 Traespoie 2 Ccmpany Name 8. IS EPA JO Numrer E. StanlTaaspos D

F't '//t e
I Desigra'elFa:wyNameand$,eedress '0 USEPA IDNarnber 0, StheFacihly sIDBurial Grounui/200W

Westinghouse Hanford Company 7 FacA , aPhone,.

12 Crontainefs t3 14 I1i US DOT Des:.pot on tclrudrrg Proper Shpprng Name Hazard Class end }fanme-t Tol Us. Wesre No.
0 -_ yp uanrey W d

N Radioactive aterial, U -N U2912
E LSA, n.o.s. 6 D0 I5U K D001 WT01

Tb.

C.

d

J. Additioal Descrpwion, for Materials Lsted Above K. Hasdling Codes for Wastes Lined Abase
Scintillation dals contain pseudocuene.
Flash point 494-

15. Spec a Han: g nstrucons and Additional Information -

item a - 6 55-gal DOT 17H drtums.

16 GENERATOR S CERTIFCATIOa I hereby aoc.aer:altIeconenrs o!IS cO - ,a e -' an :eim.:r asal byza ' 0' :S '0 ' r- e arer rassled yrcn r'ar.ed and labored and are 'a nae:: - zor cO & - ' y '.-go y
&ncor:: : 0:Is e -ernarorar ano ateon. garernrrer regularsas

ti O' 8 *71 :.a r r generalor i carIly hait I ve a arogram e alice *a reduce :m y r ,e and 1 oyCis yr maste generaed 10 the degree i o e" "ra ro Dee''f"O'" ":3 'i ta1. and 11, 1 rrace Formaev te practrabie merhe 0 tlreato tt'a&ge 0 Cr -al cet'-nt. ara 4 to me rN.ch m n-m ,' -e n Nt ailtUtFr'"'C:Nai -- E 'leers ard Irre onrrn'orrenr. OR a l am a smrall quarlt.gae earo rame r''-e a goad am" e'rr c-; ":rem terr m agreqra ' sett
muura : 53 -r a3e-er meatird thars atata aae ad . anorri ICa cnore -

PrrnTe:'TyZ-!:Narre r-- MI. "a; Yea,
Don Cataldo

T 17. Trans:ofE* ' 'k-c.lergement of Receipt ol Materrals
A Princ: 7':-: 4-e Nor.a

o 1 Trans :.re- A--:oteagement o Recept of Matenals

or Prntay;Name Sc ~Day YearE

C
19 Dscreea-: ~zoca so Space

20 PaC'-,. s :c-':'~ .erawor Cenircaton otleCept ha rlaoaur dlaer.as svrec h, rs ma-'es cE- n' :: r ted lern 1
Pr~etec c- Na"" DOYat' '- ayead
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Low-level Burial Grounds
Mixed Waste Disposed in Unlined Trenches Since 8/19/87

218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A
21 8-W-3A
218-W-3A
218-W-3A
21 8-W-3A
218-W-3A
218-W-3A
21 8-W-3A
218-W-3A
218-W-3A
218-W-3A
218-W-3A

9002-1-C-2-88
N 9002-1-K-9-87

9002-1-C-1-88
s 9002-1-5-4-89

9002-1-K-7-87
-9002-1-5-3-89

9002-1-K-6-87
9002-1-K-5-88
9002-1-K-3-88

,9002-1-K-5-87
9002-1-K-2-88
9002-1-K-4-87

-. 9002-1-K-1-88
9002-1-K-3-87
9002-1-K-2-87
9002-1-G-1-88

N 9002-1-E-5-88
9002-1-G-3-87
9002-1-E-4-88
9002-1-E-3-88

N 9002-1-E-2-88
'-9002-1-G-2-87

9002-1-E-2-87
9002-1-E-1-88
9002-1-E-1-87
9002-1-D-1-88
9002-1-D-3-87
9002-1-D-1-87
9002-1-C-3-88
9002-1-G-2-88

1/16/90
1/16/90
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-- Hanford Company

wasteDesignation C] TRV LLW 9 MW Classified - SWSORNo. (DoNotWviteInThsSpace) L-i q e

STORAGVDISPOSAL SITE (This portion to be completed by WHC at storage disposal site) WASTE GENERATOR LAWRENCE BERKELEY LABORATORY

certify that a physical inspection of the waste packages to the extent possible and a Coss Charge Code DOE Authowralin No
Check of the appl cable documentation have been partfrmed in accordance with approved
Westinghouse Hanford Procedures 1 C) -

S'gnature-A )"tDate Name f Contact
R.G. Aune B75B -115
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below Is Complete and accurate, and the waste package meets the a remefits .4 5 P7
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waste Designatlonr ' Ihu ILLW 0MW ] Classified SW$0R No. (Oo Not Wrie in This Space -

STORAGVOISPOSALSITE (This portion to be completed by WHC at storage disposal site.) WAsTSGENERATOR Lawrence Berkeley Laborator
1 cat=y that a physical inspection of the waste packages to the extent possible and a cross Charge Code DOE Authoriaetion No
check -the applicable documentation have bean performed in accordance with approved (WRM) 9002- oWestinghousn Hanford Proceidus

Sgnature-Atctptansc@ Date Name of Contact
-- -- R. G. Aune

Temporary Stog; Location qAheck here if acceptance copy of ths Address/Phone 1 Cyclotron Road, iS; 8758-101, Berkeley, 94730
form is Sent to SSWESU (415) 486-5251
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Beginning Coordinates Ending Coordinuel identifka nagemen te. (5) The charge cedele correct.

N $1 $C w i9 w~ Sinature Date
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-- /Tt- 23-IA-3J-1

commentj
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SOLID WASTE STORAGE /DISPOSAL RECORD
I .a. U

I Page 1 of

waste Oesignaton Q IRU M LLW 0 MW C lassified SWSDR No, Dc Not Wtr In ThSit Sc i- .

STORAGE/OISPOSAL SITE (This portion to be compieted by WHC at stor age d sposal %ite) WASTE GENERATOR E
certify that a physkal inspection of the waste packages to the extent possible and a cross 1 harge Cude DOE Avthovraiqjn No

check of the applicable documentation have bean performed in accordance with approved (WRM)
Wsti Hanfor f dures r!.

Sgndrre tance - Name ciiContact R. G. Aune (Bldg. #75B, Room 11F)

I Lmpordry Sinrage Location [3hreck here if accepanie copy of this Address/Phone I Cclotron Rd. MS: 6758-1 (1, Berkeleyl, 720
form Isent to$$WEtSU 1 yltoi, S 075-1,Bre yl -q72form s sen to 5WE su(41 0 486, 5?51

Disooton of Waste Pad/rench storag5 (~ 9uildng Store t certify that! (1) No capital propez is included in this storaetlspotal un*iss
s Comyaction a Property Disposal Request a described below. (2) h waste ackspas Copac ~below is complete and accurate, and the waste package meets the e4m-

0063 and the approved Storage/Oisposat Approval Record (SOAR). (3 Unie d asA Fa riwkuJ MW, this waste contains no hazardous constituents as defined by TSCA. RCRA, WA NI3
-A T 4?- or other stat r deTad regulation. (4) I have been trained in procedures for 11e
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NVSICAL oESCAfLPION o.1iria gel taIL,,plactir. fna tal .ci atnmito Os, Metal 7.4

N /NIAIMAL.! OMAN Nn. VO._MAiAJ717

HAZARDOUS CONSTITUENTS RADIOACTIVE MATERIAL CONTENT TRU only
WASTE No, ir DzscRIPreoP wra ss seA Z ____ _ Wt N(I j Aati

H-3 95 _ ~M4 NJ4A

NI
2LA__ ~NA WANA F t

MgtA

a~inSr~n t mAwr I
I.A

Distribtion: White -Size Solid Waste Eyinering Support U it. 2750E. R1-51 Canary - Tank airmsScheduler. 212WA 14 01
Pink - Return to Shipper * aO 1a491-52/100314 Goldenrod - Acteptncen Copy - Send to sito Saud Waster nginre ng Swort Unit, 2 ISOt R15 I

1

54000 226 (08121

(~)

CID

0
0
m

C:)

N/IA

I



SOLID WASTE STORAGE /DISPOSAL RECORD

waste DesagWtion Q THU QUW MW 0 Classified SW5ORNo. (WoNotWriteInThisSpace)

STORAGEICISPOSAL SIlT (This portion to be completed by WHC at storage diposal ste* WASTE GENERATOR Lawrence Berkel e Laboratory
ceify that a slcMa ispectlon ol the waste packa" to the extent possible and a crms Chaige Code DOE Authwmzatbon No

check - a e ducuntmaon have been pe ormed in accordance with approved

%;gnat u.Aur -- Date Name of Contact

tempo eys cLOaFOfn 0.-Checkhereifacceptnce opyolthis AddrvssPhonm 1 Cyclotron Road, MS: 0758-101, Berkel CA 720
form is sent to SSWESU (415) 486-5251

1 t e Pad/treni hsturo e IBrdgtf that: (1 o capital pr pe s luded n s a
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_W] : Nw /LL W L 'w2 Q Signature Date
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SOUD WASTE STORAGE./DISPOSAL RECORD Page 1 of
sanferacompSy No .0 N- - -- - --t -n ---" S- - --ace----

wate Desilginaiof TRU LIW MW 3 classified 5WSORNO. (OoNotWritel hhSpACO) I. - cr -

STORAvEiSPOSAL SETE (ThE portEonAto be completed by WEC at storage disposal site WASTE GENERATOR LAMRENCE BERKELY LADORAT Y

I certify that a Physical inspection of the v aste packae to the extent possible and a cross Char Code DEuthor tion

check of the applicable documentation have been perormed in eccordance with approvEd (WM)
Westingihoust HAIM!Mredurel 

OA

so r t ANani of Contact R. G. Aune (Bldg. #75B, Roan 11'F)

Temporary stOragiLocation "tiieckhereacceptancecopyofthi Addres/Phone 1 Cyclotron Rd., M: 875-1 CL, berkeluy, 20
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SOLID WASTE STORAGE /DISPOSAL RECORD Pap of(9 Hnfudeweny I -

Waste DeSgrtiton 0 THU 1.LW 0 MW 0 Classified SWIDONo. (Do NotWisr In Th- Space) -- L - - 2

STONAGEiISPOSALSITE (Thisportion to be completed by WHIC atstoragedisposal ite.) WASTEGENERATOR LAWRENCE BERKELEY LABRMQRY
1 certify that a pysacel inspection of the waste pack *to the extent possible and a cross Charge Code DOE Aut ration No
check the a sb e documentation haw been pe ormed in accordance with approved (WAM)
wastinghos afr Procedures

Signature.Accepta Ke ,/ a( Dam n R. G. Aune (Bldg. #758, Room 115)
Temporary Storage ation [gCHeck hereifacceptanceCopyofthis Address/Phone 1 Cyclotron Rd., MS: B758-101, Berkele , CA 94720form is sent to SSWESU

Dispowtion of Waste Pad/trench itorage Building Storage icertythal: Nocapitsiprop is isclded in this
spslCmpcinby a Proet 9soa ftcluest an describod bekw, (2) WWIt

below is complete and accurate. and the waste pa age m te
Av asiy0063 ald the appirroed Slot at Record C!OA111(3 UM5Aa Facility Ut Tier this waste contain no aa n s deied by
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WSS1110IOU I SOUD WASTE STORAGE /DISPOSAL RECORD Page I ofHanford Compiltf __ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

Wante 0eugnaltion Q T RU LLW Q MW ] Classified SWSDI No. (Do Not Write In This Space) f.. . . -

STORAGE/DISPOSAL.SITE (This portion tobe completed by WHC at storage disposal site WASTE GENERATOR LAWREEELL L RATRY
I certify that a physical inspection of the wiste packages to the extent possible and a cros I Charge Code OOF Aut rotion No
check of the apphcable docamentation hae been performed in accordance with approved (WRM)
Westinghouse Hanford Proc ures

Signarre.c Naof contact R. G. Aune (Bldg. 758, Room 115)

T emposry Siogi Location Q-.Check here J acceptance copy of this Addiess/Phone 1 Cyclotron Rd., MS: 8758-1 2, Berkeley,
form is sent to SSWESU (41 5 486- F251

D-spost-n of Waste 3 Padftrench storage Building Storage I ce iy that: ProNp rapt e l Req t a e . Is watnse

bis5 a i omplete and accurate and the waste package meets Oe
0063 and the approved Storageisposal A al Record gIDAP). (3 Unless

Ae ailt nt. TirW this wate in us hazardous coatu*M& 1etsasdfiedb
L_ _ _ _TIer -r other sta e Is PI re lation. (a) I have bee ained i n p es%jmmg rd i d ddentificatIon man men of mix a chargeodelscoret.

Org rifing Cooririres Ending Coordinate?$

N _Ai(hi W.2.21i$ Nq1.j) W wj. so Sinaje

%.qnatrre Stor g I SOAR Approval Ma i

Comnments71 1 7_
WASTE PACKAGE INFORMATION 5W5DR (LRg - Ojert. 53 WASTE CONTENTS DESCRIPTION

N K-1-PA COIAm.NEIOT 17 H fi-gal , drum WASIt WT Wfl (05 tWt, "I W"Ra w
(GNTMPSI NOt 7.4 ( FY LkWhH N A EATIOOIS

~ ~05M) 001- CliiT ~Los Qsw silica gel 5.5~.... - A...00-R ilo O -iic M3 tCOPTOA-IN______I o oltiok ___ 140.5 1115 Tar/asDhal t 32.2 Z-
0ous m. ,03 s.- a.. QOO Diptomaceous earth 19.1 1

001,Mfc 14110 L. R! A - V V C _ PROPERTV DISPOIAL R[Q11. N 18 M D& PatC . 6. ,
PHYSCAL otsctipnOli apj- _.l &_M e.wtal . d1~tomite MUs Metal 1 8. .
ruj5uAtP POWE lW4ft < _ _t -____ I
ORGAMi( dATLWt.lhq.I N/A T oCGMicaMT VOL.% N /A ovEsk JJI9. 3 - .

HAZARDOUS CONSTITUENTS. RAD1OC C AT!s CONTENT TRU only
WAsI NO itM O Ns 1ttPti oN 416114101- - i-' a, ' ii wr C. N W401 PI.C

N/A_ S&/DL-.n J4& Et
___A______._ r

N/A N02M._ _ _ _
N~ 4A__ _ _ __ _ _ _ _ _ lt--

N /A
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SOLID WASTE STORAGE /QISPOSAL RECORD Page I of 1

Waste Designation Q TRU LLW 0 MW Classified SWSDRNo. (Do Not Wite In This Space)
STORAGE/DISPOSAL SMTI (This portion to be completed by WHC at storage disposal site.) WASTE GENER ATOR LAWRENCE BER ICLEY LABORATORY

I certity that a physiCal inSpection of the waste packages to the extent possible and 0 Cr055 Chiiy Crie DOE Augthirgetor ?n
check of the applicable documentation haie been performed in accordance with approved (WRM)Westinghouse Hanfor Procedures -( -

R. G. Aune (Bldg. #758, Room 115)
prrrnriry 5t'.rage L.catonrf (1..t7k hei Iacceptarr cpy t s AddouPhun 1 Cyclotron Rd., MS: 8758-1 , Berkeley,CA 94720

nrmiemtrSWkV '(411 486- 9251
D)spiiuas e I Wor [ Padllfench %to Buildng Stera- certify that: (1) No capital poopery is included in this siorajidisposal unle osded

{],,adenc str Q Buildin by a Property Disposal Request and described below. (2) white packagbelow is complete and accwate, and the waste paclage meets the rtqu iemnts o 20449.
0053 and the approved Storage/Disposal Approval Record (SDAR) (3) Unless
MW, this waste s no hasardous constituents as defined by TICA UClA,of other state eral regulation, (4) I have been trained in proedraefhe

Begrinegs identiication m gement ste. (5) Th chage ode iscoFsecl,
w .z C NW gna: re Date

S gnetuwre.Str.D I SDA Approv i No u rc Wail Man est No
9 ~~~2- A A- V -1If Wsv a wtN

L(mmentS -uEI

WASTE PACKAGE INFORMATION SWSDR i4 - -% I WASTE CONTENTS DESCRIPTION

K-a9 C DOI 1 7 w ;Vantlm IIIHIaiWiEa uWAStlMa Wt t
D 3 GRO~SWlFIGHT C] -a l4 .PON Foi~l173.2 Qe flwSf1 Ira gen93.j.,Kr I'C. C] c I"r ari/asphfal t 109.3 70O61AuTAtIu. 0.03 r.h aTIn. OO .,r,mr. Q OD fi atnaarm t arth 31.uotWAC P1t no. L e - ./ L C.. - 3 oersv a P 0

""'ICAL 1 Sfi i t Metal 7.6
T H HIMLAP (W C W }) <Qr GlA1s

OliiANi. MAIt WT 1k4 N /A 0M.A1Ic Ni.vot. /A s oias, 151. 1
HAZARDOUS CONSTiTUENTS RADIOACTISLIMATENIALCONTIT TRUtily

WASt No. 111isOt PII0N WI 0 a A C. (UIs)1" M 0 Wfa

011nbuton: While- Site SoMd Waste I _MMg Su ppt _ .. 750E. R1 51 C___y - TaN FtmU Sdul%-. 7?WA. .4 0Pink - Return t,, S hpP * 1010 1958-691-32,/1003M Gioldrnrd - Aitrpinc Copy - edt t odWt nmegSpnUt 5 1 5 S00. (
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SOLID WASTE STORAGE /DISPOSAL RECORD Page I of

Waste O*S4gntioE 0 tRU LLW [l]MW [3 Cassified SWSON No,{(DO"o Witf In TisSpIce) L .0 -- N 7s-90
STORAGIVISPOSAL SITE ( his port on to be completed by WHC at storage disposal site.) WASTE GENERATOR

I certify tat a physical Inspection of the waste packages to the extent positle and a croms charge Code DOE AlIt tion No
check of the applicable documentation have been performed in accordance with approwed (WRM) I
WestnghouseHanford Pr ures N/A

15gnt t 1cX DNameofContact R. G. Aune (Bldg. #75B, Room 115)
Tprary age Locaton II-Checkhere facceptancecopyo ths Address/Phone I Cyclotron Rd., MS: B75B-101, Berkeley, LtA 947

form i sent to SSWESU -41) 486- 5251
DOipus-tion ol Waste LPadittench storage Building crage I cerify ha (U No capita o d i ths e

blow is complete end srate, and the waste peckage m ets the of
i Facility Unit 0063 and the approved Storege/Disposut A oval Reowrd (SDA). 13 Unless as

1MW, this waste s haze y,

r~~; ) 'ahrsae etlrg tion. (4) 1 have ben rie PF" p Xr S Wsf
Beginning Coordinates Ending Coordirales of mined ( iarg code is corr"'t

N 4L.L6. wyy~j3j T.~ 2~§O w7J~~~. Signiature

signature storSage SDAR Approval . Umn or Her Waste Manifest No

F ornrents

WASTE PACKAGt INFORMATION SWSDR ( ) WASTE CONTENTS E SCRIPTON -

SK-2-88 oa DOT 17 H 55-l, drum - - -iA
cObtAIPt 7.4 h I

T  
L.. CA__/A____ W_______________ W

0 i' floss wlIenT 136.4 [i Ls 0 a w LiSSeu 5l 51.7 -
.iiNi OGIN tA lis Q cE Tnr/acphal 31.L 27

DOHAMATIm. 0.03 WiW At.. U.J m lon niitnmarusnjg arth 18.4
D01,161C 741 NO, L 2 Ap \ j V ,_ - MIDPfNTV 010 SAL Ito. no. D% p21g e5.
PHvsicAosscol"no Ml gAoe.].cslu t. - mtal' diatomite IDS$

HEIRMAL PowS IW*T1 < 0 Wi 3 uc
ORGANIC MArt. wY. Ike, N /A IQAE MYL. V iN /A TOTAS 115. - -

HAZARDOUS CONSTITUENTS RADIOCTJ A T E R ICONTINT TRU ont
v

rtAI 1IT r[StIPPI, - ec. u I

-KA- '. _ __ ._ _ _ _ JA i....
- _ - 4 ff

N JR S tA
____1OIA~ _

Whit. - Site Solid Waits Engineering Support LIAit. 2750!, Ni 41* t ary-TiollarMi Scheduler. 212WA. 74-01
D stribution: White - Sqte Sohd Watv Ernmetrmg Suppor t UAIt, 27150f, 91-51 Canary - Tanit 1ivt ricduler. 272WA. T4-01
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Haofow Company SOLID WASTE STORAGE /DISPOSAL RECORD P
Waste Designation Q THU L LW 0MW Classified SWSDR No, (DoNot VWrari hi TT% Spcds-

STORAGEDISPOSAL SITE (This portior-to be compleled by WHCat storage disposal site) WASTE GENERATOR AFARAay
1 certify thai a physical inspection of the waste packages to the extent possible and a cross 'Charge Code Acheck of the applicable documentation have been performed in accordance with approved r(WM)
Westinghouse Hanford Procedures

soinarurp<4 pta 'ae /'Name'of ontact
( ) R. G. Aune (Bldg. 77B, Room 115)

1ymPotjwy5t9e ocation B ehereifacceptanecopythis AddsiewPhone 1 Cyclotron Rd., MS: B75B-1 0, Berkeley .9 20form is sent to SSWESU (1)4645
Ds;ivti s , Pad/trench stordge Buldidng Storage I certify that: (I) No capital propery is included in this storage/disposal u

9 spa Pcmpby a Property Disposal Request an described below. () The waste pack onbelow isicompleI and ACCUrFte. and the waste pack age ets the r re In lol -MeA waFacdt .. 0063 anid a ppowed StoraeDsoa A Iro Record ISDA41. 1 Unles 44Fi MW, this waste ins no hazardous conststuanjs as defined by TSCA.K 3A3
or other stat or oral regulation. 4 I have been trained in prewdares theBvginrngtoocdnyes Ending Coordinds identification Sd nagenent - as (S) Thechargecodeisorrect

9 C C Q w72 N w Z7 Signe ure

DARAppro MNo 2 MA33 uie WastwManifest No
(omments

WASTE PACKAGE INFORMATION SWSR( l WASTE CONTENTS DiSCRIPT-ON
Pit, KA________ C..TA" I 1a WASTE cowauss nMW
t ONfAiNR VOL. 7.4 M TIn LrW.h / H CAiIOMIS WAT MMINoItON Art fs I "M %

G;;R7W1l1i4i . oLe Qw 4lirs UgP 4
Pe2 Qc TAr/agphait 102.1 -7CIOOSAIA1.J 0.03 0.03 [0 DO atnmarsnss earth .S

E14RC 1 NO. PROPERTY DiPoSAL 19 N, us
PHYSICALOESCIPTION .. 4lstc eal-d-tn~e1At1____

ORGAICMAL WT Ihul) N/ ORNC nMfl..fl.% 11NA1C4 
-f ZonA~M\. L.rolAls

HIAZARDOUS CONSTITUENTS RADIOACTIY MATERAL CONTENT ThU only
WA $75 No/

NW /A _ _ _ _ _ ....... L....S

A-n

O tauon- ht SOF Sod Wast ErnsgnSuppuit;i ii mfl50E. RI 0i C1anary - Tank Far nms hvcjulr 2/2WA 14 0Pnc-etuvn tn Shojper 0 P L9SO8-I..z3/1003n CGoldeninnd - A CCP~ICIPCpy - Send ta SsueSu.IduWntcE ng nnngunr tni ?7fl1, N i 5 544000-flI (fl46
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SOLID WASTE STORAGE /DISPOSAL RECORD Pago I Of

Waste Designation Q T RU LLW 0 MW [ Classified SWSDR No. IDo Not Wrte In This Space) L - -e 7

STORAGEJDISPOSALSITE (This portion to be completed by WC at storage dpoal site) WASTEGINERATOR I AWRENCE BER K I I RA1RfAATXIY
certify that. phsrical inspection of the waste packas to the extent possible and a-cross Char e Code DOE Authoritation No

check of the applicable documentation haews been perormed in accordance with approved (WEM)
Wastinghoum Manfoird Procedure n

Signature-Acceptaf JD I Nalh of Contact
n4Q - - R. 6. Aune (Bldg. #75B, Room 115)

Temporary Slora# koc2. E fheck here if acceptance copy o this AddressiPhone I C clotron Rd., MS: 875B-107, Berkeley, CA,
form is sent to SSWE SU

Dspostion ofWcste 0Padirtrench Storage I Buiding Strage bI aPpeyDioalRqetfIcertufy that: (I I No capitol pope Is In11cluded In this storac Idiqtosal unlessirwM
0eoo Copcto byt adrc Pstprae Dipoa Reqes a decie beo.-2below is complete and accurate, and the waste paageets the

Aft") unit 0063 and the approved Storage/Disposal oval Record (SOAK). 3 Unlessm Fcilit y init Iser MW, this waste c no haurdous cons' uenes as defned by
;2 o o 9) - QLJ3 , or other stt rlregulation. (6) 1 have been aralned In procaldures Cmcc dna s Edg rInI esidentification nd a agementof site. (5) The charge code is coriect,
Brgnrngn Coiordinales Endonqg oo d nales

N 9- ilv T711 3 N r __ Signature
s.gnaturip-Stcrag 7  Zt SDARApproval o 23mA-3-1 #4a. Waste Manifest

L 'rnvriti (

WASTEPACKAGEINFORMATION SW5DR(4Ljt$2-L )- WASTECONTENTSO CRIPTON
Pik K- 1-88 COStA mx DOT 17 H 5b-gal. drum WATEem

LON 11044 t . 7.W4 /A CATEGOSir $ WSTE D."

M3 sseiH 14.6 0 Los-- - 0-w Silica gll5.3A
____ El El______/"P r+m -344- 4 27

OSIiSAAt I s.. fl riiimiir50.03 wn At IiaLnmen earth ?o ..2 .t
NOMcriO. V VC\tff",-3 6-P3TD6~sL4.N,

100(AL OitsC"IK Sili-cra UPI "ar pl atic mae), .intnmit .. 0.0 1
T01 ma was mntT1 < OA,1 /ta
QNGAhK MAftlWi-qh*, N /j lORGANIC Allt O. P/A -GIR !N 9 A

99- -1n c___r e

N/Ah
N/A N /A
N/A Ib/A

D Stab-ticn Whitir- c tlSofidw I Em n J- 1 91706

HAZARDOUS CONSTITUENTS RADIOACTIVE ATIRJACO TIm

1P
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32 ~ P7
SOLID WASTE STORAGE /DISPOSAL RECORD Pag

Waste DeeIgnation Q * LL fl MW [ Classif ed SWSDI No, (Do Not Write In This Space) I-ft - 0 -

STORAGE/DISPOSAL SITE (This portion tobt conmpleted by WHC at storage disposal site) WASTE GENRATOR LAWRENCE Y LA RATORY
I certify thet a physical nspection of the waste I, ckages to the ectent possible and a cross Chauge Code 00E Authoriation No
check 0 the appscable documenteation have beLt performed in accordance with approved (WAM)
Westinghose Ha P ocedures

D"a NarkofContact R. G. Aune (Bldg. #75B, Room 115)

Iemparary Storage Location [RCeck here if acceptance copy o thiS Address/Phone I Cyclotron Rd., MS: 875B-1 (1, Berkeley, 720for is sent to SSWESU 4

D-pC0r-on of Waste Q Pads erxhstu age BuIding Storage I certif that: (it) No capitol poper uded stoaM iss unlet
LeCf]slCompaction bya Property Disposal Request ass described below. (31 sThe Waste

low is complete and accurate, and the waste package meets the P.
-y0063 and the a ved Storge:Sposl A aecord iSDAR1 l Unlss

;7 va a hy ni TMW. this we c 7ie tiflardous utits as defined , WCtA
or other ar Ser4f revulal (4)I have been trainedn pr he

Beg innogCoo d nates EndriqCow d5nar s g

7 N W M t Signature t

sgARApp o NO2 A-3J-1 U f Has WasteManifestNo

ComrnentS

WASTE PACKAGEINFORMATION SWSOR(... - qr - ) WASTICONTINSDSCRIPTION

K-34-87 CONTAINIa(T 1 -7 H 5r gal druam WAST
CONIAININYOL. IN Fro LmWiH N tATE IOd Wt 0F

M GROSSWEIGHT [3 ftes 0lew Sii gel

DoseN ... a.03 Diatomaceaus earth ATQA I 
-.03 DoDD~~~s~~atQ tgMgu ear. 3.0.4 "poPCVDi~i RQo1)1441$1.L3 A V JC 0 as Plastic

PHYSICAL~tSCRIPT10i qll g] X Pjot ;Meadj Smpa-A0
rHKrMAL POWER W*T) < pal , NC ass

0116ANK MAILr.floo iok N/A 01I.A.11cu 11,voh % n % % AW W W I sIA1%6o8-
HAZARDOUS CONSTITUINTS ADIOACtIV MATERiAL CONTENT TAU only

WA ST iNOMPEc* .7(T-! r c i ,une.sa T
N/A aR if H-; 929-- % A is
N /A N A...

N/A I A .5 ....

0ssttb tt-on: White - .e d
oistif ngileir ng Support unit, 2750E.R1.51 Canr -T k 'iitch lue,2 WA T40Ptrih. WioL-- r-k - Return tn Shipper Goldenrod - Acceptance Copy -Send toise Solid Waste fingrii0png $uport Unit 27501 R004*6 ow
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I
SOLID WASTE STORAGE JDISPOSAL RECORD Page1 of

wastetoSisation 5 TRU I 1'W 0M ri C''"'ifie' SWSDR No. (Do Not Wrte in Th SpaCMO - - a- 

STORAGE/DISPOSAL SIT (This portion to be completed by W+tC at storage disposal site) WASTE GENERATOR LAWRENCE BERKELEY LABORATORY

I certify that a physical inspection of the waste packaes to the eaent possible and a C oss Chatr j Code DOE Asthomiation Nc

Chdck of the applicable documentation have been perfcnfld in accocdanc e with approsd
Westinghouse tanford rcSres

gnarure bpNmfronltact R. G. Aune (Bldg. #758, Room 115)

I rmpc rary Storage Locati0 f1hefk here i acceptanLetEOPYutis AddresVhofl 1 Cyclotron Rd., MS: 8758-1 (1, Berkeley CA 94720
form Is sent to S$WESU 251 -4 A

- jo% - io ae C 4A111O1Il uligtrq certify that: (1) No capia propqrt is hnchided in this storaW41sposal
FJapricliuII of WA$Q oPad I v t t BurdgStodPv y a Property Disposa ste described below. (2) waste pack

spoal Comt -- o below is com et and accurate, and the waste package umnt II

lAml. MW. this wse s nto hazardous constituents as defindb T

lsj noing Coordinates Ending Coardinaw, -

SW W_ Signature

0$AR Approy No U o Has Waste Manifest No

(cnmenti

WASTE PACKAGE INFORMATION SWSR (LAtfr1 ) WASTE COMTINTS DSCRIPTION

P K-2-87 om'ilii T I H 5-gl - drum w S 01sc"T" WUtl
(ON IAINh VOL 7 4i tsw N/A -AIOOSl$

7.4 C] M3 0O%%WIGHTgl Lin . W 1.-
pf I O -j 170 K :f 6 aras:pa t

OO RATIT OI. . m AT,. ... 0.03 .ra l PDO Diatomaceous earth
ooiic Po L%- p - V t C, -3 POPERTit AO *0.AL 140 A stic

Pr! IALOESCIiOTION Mi a s ta piaitic, metal. intmits Metal 7.4
THIRMAI POWSIWI C 01 MC
ORGANIC MAILWI. 6 OgAlli MT VOL% Il 10 l7-----2--

HAZARDOUS CONSTITUENTS RADWACTIVM T ALSONT TRUon"y

N/f- - -*Wt~ NO ITEM 015C51PTl0NA=

N/AA

N/A U11
N /ANIZ-ia--AU 

U

Dslbuton. While -Site Sold Waste Engee nrng Support U t, 2750E. Ri SI Canary- Tent Farms Scheduler 27 2WA. T4 01
Pink - Retturn to Shipper Goldenrod - A;Ceptane Copy - Send to Site Solid Waste Engneering Supoat Unit, 170E. R1 -51
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@ aadcmnny SOLID WASTE STORAGE /DISPOSAL RECORD page I of

waste Designation Q TRU BILLW MW Classified SWSR No. (Do Not Write in this Space) L - u-ba
STORAGEAISPOSALSITI (ThisportiontobecompletedbyWHCatstoragedisposalsite) WASTEGENERATOR LAWRENCE B RKEL Y ABORA

licertify thatia inpctn the waste packaesto the ortent possible and a cross ChangeC d DOE Authotoiation
k the a bdocumentation have been Wormed in accordance with approvqdWWII

Westinghouse Merited Proc. Tel
Signature-Accept Dat7 Iartie ontact (lgtR. G. Aune (Bldg. #758, Room 115)
Tpmporary Stk Location eckhere if acceptance copyof this AddreS/Phone 1 C clotron Rd., MS: 875B-101, BerkeleypC; 7-form is sent to sSWESU 11 4C 42

DOiposition of Waste 5 Pad/trench storage C Buldong Storage his" h ' M* php

aiDipoS6 0 Compact ion by a Propert Dispo Request a blow. (2) wane pac

l63 ascd th e n curtad h istnetster t -
Arva Facility Uni tIe7 0063 ard the approved Storaepoa almes(AN. (3

- W, this waste contains no heads ntsesdfndb T
Beginiuig Coordinates Ending Coocirdnaui "tiitiion and pentofmixed ThechaigecodeIscwne.

_ / w2Z7t3W N W 7sature
S.gratu il/a Date SWAR Approve 13- as Wais Manieut No

(urn me rJ-/
Commernts

WASTE PACKAGE INFORMATION $WSDR ( ) WASTE CONTENTS DESCRIPTION
vi G- 1-88 POTe 7 H 55-ul, dru 

olmal vCOMIAINNOL. 7.4 11 t.W. NZ WWST DISUPan iol wty h e lWAST

4OFa 40W5 H - BW S10ifa nPi
rwuour Tar/aphalt.

a T-' 0.03 r AT... JI 3 5 - o ao nitnmrrmin earth 10-0
.n"N11c~~A~ 74' .9 ,j-uc- OlQry no~ EN.(D

tOGGANCMALWt I /<imelC MIVt. N/A %\ ,totr- .L3
HAZARDOUS CONSTITUENTS RADIOACTIE MATERIA CONTENT TU only

-- H-3 - 220 ,032 2
-N/JA 14A

/ ..................
*'n st rrabnutL prmt nWh dsut I-. SCaar - TakFid Weulr 7WA 4Q

i 0 Retuntgoinee ppar 
Pfnt - Return to Shopper Canary - Tanki Fjims Schedulvi. 272WA. T4.01

Goldenrod wAcceptiance Copy - Send to Site Solid Wist e E ngimeerrng Supftl Unit. 2750E, R-SI 54S000-21 NeS
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/T0O11--1- 10 tV;

W """"e"" SOLID WASTE STORAGE /DISPOSAL RECORD Pgo I of

Waste Deignation Q TRU LIW Q MW Classified SWSOR No. (Do Not Write in Thi Space -ge g 2!

STORAGEIDISPOSAL SITE (This portion to be completed by WHC at storage disposal site.) WASTE GENERATOR

I certify tt a physkal inspection of the wasts packages to the extent pussible and a cross Chi ge Coude DOE Aut siation No

chack of the applicable documentation have been performed in accordance with approved (WRM)
- tngose stanfoird Prr!Vdres

e atwu~e Da efonh"t"' R. G. Aune (Bldg. #75B, Room 115)

TvrnporarySt ageLocation I0 ,eckhereifacceptancecopyof ths Addres-dPhone 1 Cyclotron Rd., MS: 6758-1 (1, Berkeley, CA 947
form is sent to SsWESU {41 . 486- F251

OWp'jt'tin of WdstQ n1liench storage 5El Building Storage I certify that: (1) N c sp pro ntided in this Id unposaastla
_ _ _ _0Compaction byaPoaryDsoa e ltan descried below., (2) WaSe pb*k

mpbelow is conplae and acCurate, and the wast package ats .he r at
Unt0063 and the appoved Storag*41sisposal Approval flcord 113A Unls

Ated lar y Unit her1 MW,this wastec nhasardeuscon miUents adefinedby T .0C
x )s h or .oMher state e slationr. 14) I have been trained in proc fai Er

I-g Edn identification an na gemen of mixed ) The charge code -s coet.
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WW 1WluaySOLID WASTE STORAGE (DISPOSAL RECORD P I

Waste Designation 0 TRU .W Q mw 0 Classified WSD No. (Do Not Wite in This Space)

STONAGEISPOSAI, SITE (This portion to be completed by WHC at storage disposal site) WASTE GENERATO" LAWRENCE BERKELEY LABORATORY
I certify that a physical inspection of the waste pakages so the extent possible and a cross tha ye Code DOE Authsizatson No
deck of the applicable documentaton have been pearformed in accordance with approviil 't (WAM)4
Westinghouse Hanford Procedures 49

R. G. Aune (Bldg. #758, Room 115)

temporary %1orageLocation fheckhereifacceptane ccpyofthi Address/Phure 1 Cyclotron Rd., MS: 875B-1 U, Berkele CA 94720
oterm is sent to SSWU ( )4 2

Disposi ton at Waste fl Pad/trench storage 0 Building Storage I certify that: (1) No capital propmrt is lnckuded in this store tiltposa
Q~dspsa QComwiliton by a Property Dilsposal likilt717dirscribed below. () wasteI

below is cslete and actua, and the waite packgep seOets the 00 j -
Apea Fa - 0063 and the approved StorageoDisposal A oval Mewed . t U

few, this wae fmn hizardlow ==nsItuS as osede byT . IR ..Z
- e/of other sta or dZal mogula , {4) 1 have been usrd In prsic e "i

Degrnrng Coordnates EndingCoord nates dentircat end emagement I .{5) Thechaugecedelscorrect.

N W N - 4ZgC[h W Z 0X57r Date

Dqidwe S et-SOAR ApprovalNo 2314 V-H.oiliNo

(ummments

WASTE PACKAGE INFURMAlION SW__Rq"W -W_ _A) WASTE CONTENTS DISCRIPFTiON
PSi G-3-87 CONTAINER DOT 1 H 55-gal. dm WAVE w lfO Y 101

oNIAiILv 7 W N/A Volori _ __

O UN WH [0 *6! e* SIlica gal 1.
_____________-A2.__5 -3n fc c Tar/asphalt 106.- 72

JoSE CAVEATI s.. 0.03 Q,0S 
3  U 0irens Co Ortmacsus earth 31. 2

u0iikucJ14iNO. LL A -wt V CV 3 ProritTy DISPOSALaRIOwo, 00 Plastic 0
PHYSICAL Ql5ciPrio$J S 1a9)" m 2at -read~gjg- ea
iNIMOcPOWIRwhlrII < 0.1 w/ft
ONGANIcMATL. Wt N/q I= I ORGANIKPML A% O\% zOTk 149. 1 72

HAZARDOUS CONSTITUENTS RAOAVEMATIAL ONTENT 11Uonly
WASE 10. ITEM lpsc;ipJQ -N V7, _- i .T, rgui .PIC
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itn com SOLID WASTE STORAGE /DISPOSAL RECORD Pap I Of

waste oRnatiwi ] THU S LLW C MW Classifed SWSONO. (Do Not Witin Thipate)

7TORtAGEDSPOSAL SITE (This portion to be ucWptefted by WHCaE storage disposal site) *ASTEGENERATOR LAWRENCE BERKELEY LABORATORY

I cotify that a physical Inspection of the ste pack s to the ptePossible mda cross Chare Cyde DOE Auth ZaS4 NO

'hock of the .ppbcable documenttiort haveP blien Wrme~d In accordance with epPrpved O)

westinghose Htanford Procedrst,

Date Namf Coct R. G. Aune (Bldg. #758, Room 115)

Tep raryst getocaion =flChitckhere facceptancecopyo this Address/Phone 1 Cyclotron Rd., MS: 675B-1O1, Berkeley, C
form issent tosSWf5U (41) 486- 251

Deiopotion of Waste [) Pad/trench storage Building Storage I certIt that: (1 No capital propert Is Iniuded in this stom I W4s

(~-upsI5Compaction -y a iiie ia Requet avi doesd below. (2) 1Cwaf ste ar
___paCo _ti . low is coplets asil accUrate, and the waste packap i the r

FaciTty Unit ti waste cntain nhu nts as defne by rica, ScRAW 171
Jor other state or rare utalon. (4)1 have been traine Inp

Beginning Coordinates Ending Coordinates

N W 71 So o~~&L w-21~ inalure

S gnw o s i Approval N Un' sHeaz WasteMinloSSNa

ommentsv

WASTE PACKAGE INFORMATION SWSDR{ 'prG) WASTE CONTENTS DISCIPTION

IN E4$ C8TA8 DT 1 7 H 5S gal drum WAt rs cmmou wr 1 t r1  aam

7..4A *MOL' L.Wuil - -_______________ - 45___
DOS O8$ WAt IIT i LBS03 eA S ra tol 4.3

, OWN ofO. rp 141.8 2c 11 l[u c TarJ phalt3 . 7
0051 flmttAin. .3 -mim.. A~n..0,03 """'a O fl Matntanu r'art-h1.31

uigIjtai aO. LAa -VC' - 3 MOHINniIPOIAHQNO (o \s P1avMr,.J ai.....A...
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HAZARDOUS CONSIU-NTS RAIOACT I VEA NTk 1 TNTRTUOnly
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( "I"e ISOLID WASTE STORAGE /DISPOSAL RECORD Page 1 of

Waste Oesigutti' Q TRL' Rg LLW 0MW 0 Classified SwSD No. (Do Not Wite In Thus Space)

STORAGE/WSPoSALSITE (This portion to be completed by WHC at storage disposal site) WASTE GENERATOR

I certify that a Phsical inspection of the waste packages to the extent possible and a cross Charg Code DOE Authmiation No
check of the applcable documentation have been performed in accordance with approved (WRM)
Westinghouse anford ProceduesI 

1

senaure-Ace~ 1a Name of Contact R. G. Aune (Bldg. #75B, Room 115)

TemporaryS ageLocation [ -Ceck hereifacceptancecopyof this Address/Phone I Cyclotron Rd., MS: B75B-1 (1, Berkeley, 94720
form is sent to SSWE SU (1F 8-F

Dspsit on of Waste fl Pad/trench siorage Building Storage I certify t;. (11 No capital prope is InCluded in this so idlsOS01 uness
~~orsposaI~~1 CopcMnRqus w eeied below. (2) IMwastepa

Afed ~ ~ ~ ~ -aiiyui 0Te 0063 and the approved Storag;@Abiporul Apiprowol Rmcord (990"). 13 Unk"s
bel w s (rnlere 

naccutrate
4 and the wa s"e package ueris the

Ar ea Pacilty Unlr .~ Tier MiW. this waste coma in. Iasadoma cooMtuent as defined by TICA, nCoA,i6j or 01her Otate o al grigm oticin. 4)Ihvt been tirainedt In preced

meginnng Coordinates EndigCoordnates identificatia a a tfml a.(5) Thesarecodescot -

N_ w 71 3= N W__2 gna: e

Signature-Store SDAR Approval um Hal waste Menlst NO

C onmens

WASTI PACKAGE INFORMATION SWSDR (WLS .. 4'69( WASTE CONTENTS DOSCS1PTIOI - -

n E-3-88 TcoNrrmitAe DOT 17 H 55-Gal. drum WATE coeueu w
Cu[it. 7.4 FO L.Wu0 N/A WAIuE 0oSCROiN

011 G5015WIrGHT 144.5 0w . Sil ica gel J54 ___ 4
RAiW OF 01111 144. Qc- 5r______ za.. 2

18IN RK- -sGI 144. C-1 Tar /asfhal t 33.3 . 27
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00OiPiK 41pTo. L. - V Q PL .015TY s4L so u.s 0as.....2 RIO. .l...
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ViZ
SOLID WASTE STORAGE /DISPOSAL RECORD Pap I of

Waste Designatiot Q TRU ! LLW QM 0 Classified SWSCRtNo. (Do Not Write In This Space) - -

STORAGEIDISPOSALSITE (ThisportontobecompletedbyWHCatstoragedispoSaIsite.) WASTEGENRATOR ,AWRENCE BFRKLY LA QRTRY
I certif that a rsal inspection of the waste packages to the extent possible and a cross Charge Code DOE Authorittion No
check of The app cabale documentation horve Imam performed in accordance with approvd (WRIM
Westinghouse lenford t! Fiues N A- ? og

SgDate NanfeofContact R. G. Aune (Bldg. #75B, Room 115)

Temporarotorage Location &,Checkbereifacceptancecopyoliii Address/Phone I Cyclotron Rd., MS: B758-101, Berkeley, CA
form is sent to SSWE5U (415) 426-5251

Disposition of Waste 5 Pad/trench storage 0 Building Storage I Certify that: (1) No capital proe Is included in this stor tIkmpsel ules.
(.-isposai 5 Compaction by a Property Disposal Rtequest Mdewbiid below. J3) Was" pA;kgi

Doisposal Q Compecton below Is complete and accurate, and One waste packagpmester set
reaFacility Un !Ter 00U and the approved ragelspol Approval Record (SCAR. (I Ules de

A r ea Fality ni Tter W, this West: c mob hardots cns'tituenhsa~t dn y T$CA. NCRA, W 17
GQ a) 2..f (or other 0t4t rl frnulation. (4) 1 have been trairwid In Procedure

Beginning Coordinates Ending Cooidnate' dentification a ment ml eat (5) The charge code Is Correct.

N_4 Q_ W7 -2P NW 5 SnatureD

Snatu- ptAR Approva 230 n Haz Waste Manifest No

tciomments

WASTE PACKAGE INFORMATION SW5DR j WASTE CONTENTS DESCRPION -

Mo .d D co1iN. 0 7H 55-a1. drun WATE W,,,, c 1
LOMlAININ VOL. 7. 4 6T' N/A

__3 GROSS WEIGhT 128.6 -Q.Lii fEB w c A&-.3 -.
PW Oro 01X ct iarjaspnai. .

COW AmIr.. U.03il.t ATIv(.. 0.03 mrw." CO uarom aeous eartn.
001443tNO, Lt* ..i tJ x-DbORTY DLP PoALREQ. NO 0% ristca

PHYSIMDESCRIPTIM st CMtl 7
1YNSMALDWtI 1110 < 0. L W/ft OKC

01GAIC MATL Wr1.4, NJA I ORGANMILTL.VOL.% N/A T IOOT3. 1? Ulf

HAZARDOUS CONSTITUENTS _____' RADO"Aq IAL OfTINT TRU only
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SOLID WASTE STORAGE /DISPOSAL RECORD pgg

waste Designation Q3 TRu LLW 5MW 0 Classified SWSDINo. jDoNot Write in1nis pace) 4 9b, .4- A

ST0IAGEOISPOSALSITE (This portion to be completed by WHC atstorage disposal site-) WASTE GENI.ATOR LAWRENCE BERKELEY LABORATORY
I lerify that a physical inspection of the waste packages to the extent possible and a cross Chat eCode DOE Authorstation No
check of the appicable documentation have bten performed in accordance with approved (W A
Westinghouse Henford zp 'uss 1 7

Dgna/ure- pNameofContac R. G. AUNE
Tempoiary Strage Location Ceck hereifacceptance copy of ths Addre/Phont I Cyclotron Road, MS: B75B-101, Berkeley Cform is sent to SSWESU

D-spusition of Waste Pad/trench storage Building Storage I certify thi: (I) No capital Is incuided In th star Spe4salHisposal Comnpaction - by a Property Disposal Request a douribed below. (2)
Li Dspoal Copacionbelow is compplete anid accurate. arid the waste package meets the

Ae facility Unt Tier MWANW t approd aStor A or (SAR). [3 UnionUnit ~~MW this waslia covital1W n n"s T , FCAA
- r dother Stte or 1*4re ulatio. (4 1have Men tra Ind pro iltS

egiinng Coordinates Ending Coordinavas

N W N N7_Wr
$gnature-Storage/Oisposal SDAR Approal No uf M Hal West*ManifestNo

WASTEPACKAGEINFORMATION SWSDR(,. - r4 S WASTECONTENTSDESCRIPTON

G-2-87 coNTAiMpI DOT 17-H. 55 oal drum WASII cnliOf
tOPiaiANIAeVt 7.4 IN FTI Low.N c "u w m yra MrgI ar

. [~~~~3 M ) os~ , s .Ic e .51
oroni 169.1 1; fliC tar/asphalt 1__.. 7

DOSERARfMlil"-e.. 0,03 "wo-h, AT14'1.- m-m, 00 diataaeenius earth 3 -1
DIM"NMIG m Io.A -VQAA/UC-,- _ PaRro1'IMPo$Ak~Nsono. D,PHV -A LW,"" SiliCa atC. Mgtal dit t - Is, metal S..4 ....

Oli -- cMl.& ---i NA ToaANiciMrt. VOL% In/A JSw 101i% 1A 7t7'Z2 2

HAZAnROUSCONSTI uEis RADIOAtVMATERIAL CONTENT
I - M AS "00 . r- - .A .A- .-

IT9M DEscuirrloN WI. ita.l r . - s~iu~ar.Aa.ii..ai r:'__ . j . I - .M-J I . - -1 1 MIWIF. 02 1 0 - . . I L I "91"Irkil hA I I - _

1.5 YOWl

TRU ony

1 Ft-
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56 " '.

SOLID WASTE STORAGE /DISPOSAL RECORD Paw I of

wasioesimnaton Q TRU LLW Q MW Q Classfied SWSDRNo. (Do Not Wrte in ThisSpace)

STORAGE/DISPOSAL SITE (This portion to be completed by WsIC at storage disposal site) WASTE GENERATOR LAWRENCE BERKELEY LABORATORY
Icertify that a physical inspection of the waste packages to the extent possible and a cross Charge Code DOE Aul Wraten NO

check of the applicable documentation have been perforned in accordance wih approved (WRM
Westinghouse Ian%,I Podures - - .. " I NA ______2

Dgu T NameoftContact R. G. AUNE

Ternporary storage Location Check here if acceptance copy of this Address/Phone 1 Cyclotron Road, MS: 875B-101/Berkeley,
form is sent to SSWESU (415) 4865251

fpnn'ti un of Waste -Paditench stoage f Bu ding Storage I certify that (1t No capital p r t is inclded In this t
Patf omato by a Property Disposal Request a descelbed below. (2)1 iit a

~-usposab Compaction below is comlete and accurate, and tse warn packag the e
Facilit Lnt Tierl0063 and the appoved StoragetisWosal Ap l at df byA1 RCU A W

______________.____________ inb___T MW, this waste CACRA W
:1 -4/ t k of I th2r "ta1t: 'ro at regulation. (41 1 have bee"a Irasii itcdue for fth

-dentification a a mot of a Th csege cde is cosrect
Beginning Coordinates Ending Coordin te

~ ~ Z..±#KSC Signature

signtwe I Date SARApprovaiN 2 ni aS Waste Manst No

WASTE PACKAGE INFORMATION SWUDR Ot 47) WASTE COWTENISDESCRIPTION

0i2 7CNUMN11a DOT -7H. 5 gal WSdrum ,ASTE WS

cosiArriuV%, 7.4 LXr" /A CAT90005 VOL%

Q' .2 GsasWs 0 Ls E] w sili la e.
MIN Io OsIGIm i 168.6 fl'G flIt tarlasphalt 1afi. 7?

0SIAtam 0.f3 RMa AT i .$ i3 0 Do Jjatsmacenus earth '.

notkitciS I NO. I. I F - V V C' - PRonItYOiposAt REo. NO, 00' atti
0H14V6AtDEicX4Pj*M Silica gal. t 21 astic m' e tal datomite. Oa 13, min) 7.3 ..222M : tWd: I < 0.1 w/ft 4- u s lt

OPGAN Aw 51 N/A oWs.NicM vaLt. /A .o 7

HAZARDOUS CONSTITUENTS RADIOACTIVE MATERIAL CONTENT
WAISTE Ito MM 0SUiPlIOil WT, (1.9.1 fu______ _______ t it pillnset 11,1
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SOLID WASTE STORAGE IDISPOSAL RECORD j IOj
Waste oesIstion 9TH fLLW 0MW 0 Classified SW5UMNo, (Do Not Wite in Ths spaee)

STORAGEANSPOSAL. SITE (This portion to be completed by WHC at storage disposal site) WASTE GENERATOXXX LAWRENCE BERKELEY LABORATORY
I certify that a physIcal inspection of the waste packages tothe extent possible and a cross Charge Code DOE Auth ,,ation Nocheck of the applicable documentation have been performed In accordance with approved I/ (WIM)
Westinghouse Hanford Procedures A ooa-
gnature-AcEmpaDare 

Name of Contact R. G. Aune (Bldg. #758, Room 115)
temporar9y teage Location ek here if acceptance copy of this Address/Phone CcsreLoainform" is sent to SSWESU :cornR. S 7811 ekly

Disgnisil'on of Waste [] Pad/trench storaiv Q Bilding Storage I certify that: (11 No capital pr is 0ncuded in this star epo unless
pslCompaction by a Property D=p1a Reclutt described . - -. (2) Theste Pao""gbelow Is complete and accurate, nd "he waste puctage mets the

A r ii Facity Unit 0063 and the approved Storiol Apos ulA). U
,;L,~~is hNa:ar~ffto fartsilation. (4) 1have boon trefi inProcdures fir

Beginnmg Coordinates Ending Coordini tes identification M psent of mid - ) The chiae cede r is corret.

rgnatiire.Stgraqte SOA Rt Approval a Hda Waste Marniest No
cimnef"23-IA- -1

WASTE PACKAGE INFORMATION SWSUR( I. - WASTECONIENTOEWCUIPTION
CONTAIER DOT 1 7 14 rA-gal . rum wASTe

(Oi'AiNtRVO yC rEG RrIES N/ . DCI _1,41 VOL
0 Is - "Joss*514 144. 5 KG Silica go] 55 4r

0OsArsAIim.. *,.. , o - - 2 1  c a/thl .3.2....-3-
OnODatnncnjs earth 12.11111ON 74 o A V r- P ofltWfisowM o. [AI cis .RstL,.......a... .......

TIEIMAL bOWtR(W4p I_ Q ___ _

04GAAic MAit WCOj III III TUE i(N M a V \\T!0TAs i .T.

HAZARDOUS CONSTITUENTS Uo 1OANtVjk~tCNTN____ TRU only
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HanorCtinpaws SOLID WASTE STORAGE /OISPOSAL RECORDPg.1o I

waste Designation Q TRU I LLW f MW 0 classified SWVSO No. (DoNot Wiote in Th. Space) - - -c

STORAGISPOSAL SITE (This porton obecompleted by WHC at storage disposal site) WASTE GENERATOR LAWRENCE BERKELEY LABORATORY

I certif tit a physical inspection of the waste packages to the latent possible and a cross - rge Code DOE Authorsdaion No
check f the applicable documentation have been performed in accordance with approved (WRM)
Westinghouse Hanford Proc ureas IO N 2,./

Date Nameof Contact R. G. AUNE

Ttmpoiary Storuye LoCiton E A here if acceptane copy of this Addreshn Cyclotron Road, MS: B79B-101, Berkel *472
lormissenttOSSWESU (415) 486-5251

oDspiiiun of Waste ] Padftefencht orace Building Storage I certify that: (I) No capital proper is included In this etagissoeal uI M d
by a Property Disposa Request end dewribe below. (2) The was ir~

91 6sposai Q compd''on betow is compt and accurate, and the waste packageets the t-
-i- 0063 and the approved Storagerifsposal Approval Record (SOAR). (3 a

FJ hti yat- Tier MW. this waQte Ins no hasardous consit uents as defined bTSCA. ,. w -M,
- - or other stat or f deral regulation. (4) 1 have been trained In pciedurerftr the

identification nd m nagemeni of ns * (5) The charge code 'a corret
Begionog Coordinates Ending Coordsiates

W 2LN ~ WtS~i Signalure -Datt

qTt e I D Approaalto Oniform Hal Waste Manifest No

SOA Aproial 23- A-3J1

omments

WASTE PACKAGE INFORMATION SWSOR (A BtftQ-BC(' 9- WASTE CONTENTS OEkCRIPTION

cE-AIma5 DOT 17-H, 55 Gia drurn WaiTS cosaesailat

(0NiAlNtMVOL. 7.4 vM. NA%

PUR Iof ~tip M 10IGAmGT ALI% Str sil i ca gely4 tat 05w IGM 9 - -I--0A169.1 M6a 0c ti#/iiphait -u r 7
DOATIsArn Im. '0,3 .wri'. ATI... 0.03 . ODD :diatomaceous eartf-

P. A - VI C, - PROParwIf OISAFs11% NO, *[oQ% latc
PM alcMssc4lPtIO' silica ael. tar, Plastic, metal, di4. earth gla meta -

r~liMA0owrmlwjrli 0.1 w/ft 4  . - . lS*-
t1Aic MAU MO, 4hg i N/A I otGAMMvoL% ML. o %41.AZ77

HAZARDOUS CONSTITUENTS RWOACISIE MATERIAL CONTENT aUonly

WA'lL NO - 11CMODt N W.I t+l Ktf"M c. u ntot -- AUPM

___ _VA - '

______ _______'I - ---

TOTAL$_ _IT

0.t'.r.Aor Whrte - SteicridWaste Engineering SupportUnit.21750E. RI-51
Pint, - Return to Shipper

Canary - Tank FirnsSthedurt f72WA 14V
Goldenrod -Acteplaii (cifpy Senn to d flt tgflrrrg pnrt unit 27501, RS

I

48-Zn 064

1P
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0
0
m

C)
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k2 I 1'M
SOLID WASTE STORAGE /DISPOSAL RECORD Pagl 1!L

waste Designation 0 IRU 0 LLW Q Mw 0 Classified swsoM No. (o Nov Write in This Space) -

STORAGE/OISPOSAL SITE (This portion to bit completed by WHC at storage disposal site.) WASTE GENERATOR LAWRENCE BERKELEY LA TORY
I certify that physical inspection of the waste packages to the extent possible and a cross Charge C e DOE Authoriat No.th-ck of the apocable documentation have been performed In accordance with approved (WRM)
wensinghnousa Iantor p dures NAi.

5.gntureAc Dtelame of Contact R. G. Aune (Bldg. #75B, Room 115)
Trp rIIge L o Catson 94-ceckhereifacceptancecopyofths AddressiPhane 1 Cyclotron Rd., MS: 075B-1 U, Berkeley, 20I ormissenttoSSWESU (415) 486-5251

Dtpoitron of Waste 0Padtrench Storage [Buildmg Storage I certify that: (11 No capital pope Is induded in this stor21.0700a I Compaction by 4 PrO~n OtW41 Requsa deicrfbtd below. (2 V a
below is comptO and accurate, and the waste pecape meets the

AluFac~ihty Unit Tier - 003 and theapproved Storageloispmal oMW. this waste a ro haardoos it as =ltoo LO -tS (' p'or other state ri eral regulation. (4)s have bee t traind in protLures 11the
Beginig Coordinates EndingCoordinaesh

Of ate SbAR Approva NO 23u-1 f1 U l*O Wst Manifest No

WASTE PACKAGE INFONMATION SWSOR( WASTE CONTENTS DESCRIPTION
0-i 1h~ -85 oralt .DQN IN Co-gal dru WAS-

WoArASTE VOL. 7 ft, WH NINSCATI 0 EOM

POIN OF o.w 4OSS WEIGH 128.2 sJ S 1 ica4
a ar ast a t 2

O DD Diatomaceous earth

.4utgKYmta VA Ot metal

OGANiMATLIw.t N/A JMGAN TL VN 11A .__7 3
HAZRflflhCtflSttiituNT

lern, TEI NETRUOns~TUhly
WAT No. Ir-MDISCA1rho" Wr. -

WN/A-

-. 4-- II __ __ __

Disltbutron White-. SiteSolid Wate Enairieff .n e

-F-

Pin -p Re.r to 5h51 Canar -Tank farms Shodulgr,272WA, 74.014OW2Goldenrod~ Accoptancp Copy - Send to Site Solid waste E ngineerng Suport Unit. 2750 t .51 544000-26
a ui. OOVEflmeNT PmNisab OFPM: " NS -

1P
(0
0:

0
0
m

C:)

C

HAZARCIOUSfANcrier"d-



-r------- -Page lot >1

SOLID WASTE STORAGE /DISPOSAL RECORD
J"Old Co.pany I I -

o yM 0Wat ielgatcf TU LN W 0c'assif'ed 5WS0111 .. (o D N :7
STORAGLOISPOSAL SITE (This portion ta be completed by WHC at storage disposal site.)

I certify that a piiysical inpectiofi of the walste peiages to the elitont possible and a cross

check of the applicable documentation have been pefornmed in accordance with apprved
Westinghouse Flnloed Procedures

Signapture-enet

Ttemporary Sto.,ege Location Check here if acceptance Copy ofthi

DispuwTn of Waste Q Pad/trench storage Building Storage
sposal Compaction

FaClity T
;~~ 9 w

DeqnnCOO ria es Inding Coordmates

N ~ ~ ~ F W56~ -0 t& N37I S~5

Charge Code
w 

OEAbhonztiflN
T0E(AthWRMAtMNO

(WRM)

Name ofColtact R. G. Aunt (Bldg. #75B, Room 115)
t~ Sc

AddreIIPhoneW Lcotron Rd., M157-575"-01, Berkeley, C4~
(415) 4B6-5251

bw
I cen Wy that: (1) no capital wropedpV is Includedl In this storaeeliWoesMaid iena
by ~aeProperty Csposal Reques and described below. (2) Th amt akae~

w is complete and acurate, and the waste pacep mSeetm he
0063 and the approved Storep~spa Apoafcr SAR.() ls

MW this waste cont&ins noh ardusconsuenS sdefkndbyTICA, uAU
dother state , e ay regulation. (4) 1 have beep trained In r

ide inf of odao The charg code cutest

Signature

- m iaa watte MafetiN
sqn~it Date SUARApprova No 2 M M l

WASTE 9ACKAGE INFORMATION S - r WASTE CONTENTS 0MMIP1Ift!
U I5 / HAE W cWTItg.ir e Vt e

tUWAIiAVOL 74 [3 M1

C-- A I~ I WASTE
CAIN~Me

LLa t - -

GROS WEH11 1 1-9.
-ii- kilA

LSo

COST PArT AT , c- ATi m. u03

IHI4CAL POEMRTT
11 C 0 . 1. friffe

K MATWt.N9.1 N/A oIs Q MT1,VOk.

U a*

IU

Tar asphl 1 . - 7-
searth 1.

Metor -

metr 7.4

AfENT A E
147 onlyiizz IM

HAZAMD0USCONSTITUINTS IA10
WAT NO. ITEM DESCRIPTION WT. (49.0 11

N jA Q H- 14 4

N/A --

-flli-__I-__
Toral -- -----

1 T~~~~~1i k Tr22AO.0
Distribution: White - Site $olid Waste Engmneetng Support5 Canar. anv2l 7W 40Pik Rtun o hppr olenod- cepane op -SedtoSie old7a5oF iEeftgRupnunt.MC. In5

a- tw den I

A) awaisam

__K)

I

(0

0
0

C:)
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SI inthese SOUD WASTE STORAGE JDISPOSAL RECORD Page 1@ HnOWd Compny

eoewata 0 RU LLW 0MW 0 Classified SWSDNo. (Do Not write In ThosSpacJ L M. q -"m

STORAGE)DISPOSAL SITE (This portion to be completed by WHC at storage disposal site) WASTEGINRATOR LAWRENCE BERKELEY LABORATORY

I etifythat a hyslcal inspection of the waste packeqs to the essent possible end a cross Charge Code DOE ntiosiaon No

ucat o thn a&ppiable documentation have been performed In accordance with approved .,j

Westingfoust Hanford Proce 1r NA

na sa 1 C ""Nae Of Contact R. G, AUNE

Lmporys5o'ge Location Check here if acceptance copy of this AddressiPhone//a/m
tr iissenttSSWESU 1 Cyclotron Road, 8750-101. Berkey.A 947 4

Diiposition of Waste 0lP/rtrench storaye Building Storage 1 certify tht: (9 We Capital proper is inckided In s saw I"le
mipaai0Compaction by a Property Disoal Request a described below. (it

sp ________Cmp _________n elow is coipete and accurate, and the waste paka et
______________________- 003 In the approved Stoakge oa

Facit U'nir , TW this te no hazar ds cb
Area ____________________as_

-o I r state ral l we beet taed in pe=ed f"

Beginning Coordinates Ending Coordin stes

N W7= W C gntur

SDAR Appro No -Un orm m" Waste Mnifest No

inmments

WASTE PACKAGE INFORMATION SWSDRK (7 WASTE CONTENTS DESCAIPTION

n -1--87 co"smet DOT-17-H. 55 gal drilim ASA OlCtfOi H , a I
CONTAINtA VOL. 7.4 0 F N/A - -W

[] S
3

__ofoswtaisr Qies U ew Silia g~l 16 Ml.-

rOiiiOfi 01 7A1 171.4 "*' 0cg TarIMsphalt
fOlIuA .E TR I ATli0O M itm1trnp t Matth al..I3jj--

10141c 71*0 i - Vnv PM bosms Q *Pl Dti
MSKMst o p] r a rt g C, Metal 7.

TIIIS1MAL P0O WII Cnj 1m J wt iNC Aif 1

ORGAIC MAIL. WT. 44.1 N/A OI. MIL. VOL% I 5 .. . 2....
RAIOCTVEiTEIA CNCN JAIL.J wsiym

HAZARDOUS CONSTITU S
wA 0it ITEM E111CRcPeTIof wi Ps 1__44__ "aSm-m

NIA 7_
_AAROU _ -_TTUNT -U---ATVE-iIITRILOT11

'A InAts

i.

1P

0
0
m

C)

m

Distribution: While - Sil e Solid Waite Engineening Suppor t Unil. 2750f, Al-51 Contry -Tant Fafms thedultr, 272WA, T4.01
Pink - Return to Shipper Goldenrod - Aceptance Copy - Send to Sit Solid Waite Enneering Suport lhit, 2750t, Rts I

* U.S. CIOVYMISNT PRIMISNO Q1i0O&. sS-PI0

RADIO CT TERIAL ONTENT T Vonl



s" " SOUD WASTE STORAGE DISPOSAL RECORD pa Of

Waste Designatin 0 TRU ]a LLW Q MW Q Classified SW$DRNo, (Do NoI Wrte wTtPai) 6 -S0ce-

STORAGIMISPOSALSITE (This portion to be completed by WHCla storage disposal tit) WASTI GENIRATOR LAWRENC BERKELE LABQRAT RY
I certifV that a slcal ipection of the waste packags to the extent possible and a cross Charge Codo DOE Aut atton No
check of the acable documentation have been performed in accordance with approved (MI
Westinghoust Hanford Pi 11 0

senaureAcc nea"* R. G. Aune (Bldg. #75B, Room 115)

Temporat rai$Locati1 j..Ghefchereifacceptanecopyathn Addiess/Phona I Cyclotron Rd., MS: 8758-101, Berkeley,
fomsnto$EU(4151 486i-52S I.

oipiniiuiioflwaste 0 Paditienchstoraile QBuildingStorage lcertify that: (1 Nocepp i Wch*edinths ate' waus
poa CompactiOnComplete and accurate, eW the west. padap atse r

0063 and fth a iowod Swli/kos vl lcrl(SOAR). I -eit
Alva Facility Unit Tier MW, this waste h rnatdesce= as deinled b$CA. RRA

-2< oL or other state orain 4 aebe rie nprwcedwt
iiCordiatesEnding Coordina'et identification a of Reed The he4e cede me eriect

Rpytnn ng Cooidinates EndEg C-rm /s

N -1'7 '13L N4_45_tL 42 wjI2YLjL Signature

$,gnat wy12 SDARiaApprovalN 23_ U-1 Waste ManifetI

t{mr sts

WATE PACKAGEIFORMATION SWSD O 1 9 der- um W WAST CONTENS SCRIPTON

PO C-S-RB CONTMiNH DOT 17H SS-gal CGdrm AT ohcE E e

7 MI Gosswsioin 125 G iMs s slica gel-fi
POIN OF cia'll U1 M -.- ct Tar/asnhAl t ?79

DOSE 0.03 rn-h At mIn. 0.03 ny. DOv .. iatng mtacnnus Parth
IowIRC )4t wo. I- ?, -\ /0 C- - - ftry Dispowa no, 1 WA o s Plasti
PiiflCAL OfICWiPTON S11laoCL.pa .9mtl1 ICi gsi Dis metal
l4itMAt ntWfillNIw HC -L -omewnsei < Q 1W wt ..... C
o*GA~iM~ 1 I4/A o IL. M,.% N /A ttj,1iI

HAZARDOUS CONSiTUENTS RADIOCV TyNt ONTEWonT
WASIt Ito. IM DESCIPTION WO [k I __ _ __.M__ -

N/A -3 ./

/A A

NA
or. L A -l:

Distribution: White -Site Solid Waste tngiiiting Support Unit, 2750E 1 Cnr-lnkFrms Scheduler. 12WA. 14.0'
Pinkh - Return to Shipper Goldenrod - Atceptamcep Copy - Smnd to Si4e $014 *rit, I ,Qftj h.Mt4 i-"i U" VIMlORts S4Ol2
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SOLID WASTE STORAGE IDISPOSAL RECORD Page Iof

Wvastoeslation 0 ThU W LtW Q MW [ Classified SWSDR No. (DoNot Write In This Space) LBLnBa er. 01 A
STORAGE/OISPOSAL SITE (This portion to be completed by WHC at storage disposal site) WASTE GENIATON LAWRENCE BERKELEY LABORATORY

I certif that a physial lrspection of the waste packages to the extent possible and a Cross Charge Code DOE Auiration No
check of the applicable dcoc entation have been performed in accordance with approved- (WNM)

Signature- Date Name of inotodct P

z'_/Z- :Ic-) n R. G. Aune (Bldg. #75B, Room 115)
Temporary orage Location QCheck here if acceptance copy of this AddresslPhone 1 Cyclotron Rd., MS: 075B-101, Berkeley,GA 97

form issent to SSWESU -

Dnposrtior of Waste 0 Padftrenchstorbge 0BOilding Storage - -ertify that: (1) No capital proe is Included In this tdo dec
Compactby a Pro"et Disposal Request a.7described blowkri. (2)m wast:e

-isposal Q Compaction and accurae, and the waste padaie meets ti a '1n
0063 and the approved Stovagalspoea Approval Record (! DAE) 3i U lAe FaCIty uit TIe MW. t's wastecontainsno haxardow con stuentsas deft CA.CAWA

.2 OD -J21S 1 or other state or 411eal regulation. (4) 1 halit been tiaitid in precedur111 11I 11%
neg nnmg Coordinates EndgCoordates identification ans gementof mix Thecharge codels correct.

N my j. ~ N..L 4~ ~ 214 5&. SignatureN A -7_n a 7 3 N | !2s/ a '7'' *'Sig nture- StorajeS3DARAppioval o. U Her. Wa ste Manifest No
23-IA qJ-1

rmments

WASTE PACKAGE INFORMATION SWSDR(13LAt-j" O11 I WASTE CONTENTS DSCRIPTION

_N _-2-B CONTAINER DOT 17 W 5..pa1 etrm wAsTe WAS71 DScwro Wt. N0M4
CONQTAiNII VOL. 7Fi L.W.i 11 S

OOMO$VEIOHT 129.1 f]aw Silic al 4.
P0;j o 129.1 m flu T ar/asphalt 9.

DOsiAriATItm..(O.03 .mieri ATm.. 0,03 -amdi flo Diatomaceous earth 17.2
DOMkC 141 No. L -? FROPE/c- mposrae RIosa mo0. X ot Plastic 5.4 . . 5

PHichcALD~sc~inio o s t plastic. a s dikt tom [I I Metal 7.5..
IHIRMALPOINIII{INIT11) kc(
ORGANIC MArtT 9.) N/A I4o1aAiicMUC.vot N/A '01\\" -1 1 . . M

HAZARDOUS CONSTITUENTS ["ACTEMATERIALCONTENT TH nly

WA$Teo '' _ IO vvVsq% WMo

N/A n 920,032 N

N /A AN /A N /AL Itj

NIA

1P
(.0

0
0m

C:)

C
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218-W-3AE Green Island Waste Burial Records
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$vnTs PYIVAtr~~-'

41k

Low-level Burial Grounds
Mixed Waste Disposed in Unlined Trenches Since 8/19/87

218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
21 8-W-3AE
21 8-W-3AE
21 8-W-3AE
21 8-W-3AE
21 8-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
21 8-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
21 8-W-3AE
21 8-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
21 8-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
21 8-W-3AE
21 8-W-3AE
218-W-3AE
21 8-W-3AE
218-W-3AE
218-W-3AE
218-W-3AE
21 8-W-3AE
21 8-W-3AE
21 8-W-3AE
218-W-3AE
21 8-W-3AE
21 8-W-3AE
21 8-W-3AE

.RTL0194
-RTL0294 ?
-RTL0394

RTL0494
RTL0594
RTL0694
RTL0794

N RTL0894
RTL0994
RTL1 094
RTL1194

- RTL1294
- RTL1394

RTL1494
- RTL1594

RTL1694
RTL1794
RTL1 894
RTL1 994
RTL2094

- RTL2194
RTL2294
RTL2394
RTL2494
RTL2594
RTL2694
RTL2794
RTL2894
RTL2994
RTL3194
RTL3294
RTL3394
RTL3594

N RTL3694
RTL3794

N RTL3894
RTL3994
RTL4094
RTL4194
RTL4294
RTL4394
RTL4494

- RTL4594
RTL4694
RTL4794
RTL4894
RTL4994
RTL5094
RTL5194

a

- LL~Ad

LL-~,)

C-1

-9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30194
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30/94

LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
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Low-level Burial Grounds
Mixed Waste Disposed in Unlined Trenches Since 8/19/87

Buraflwonga r. - 0otbtD ' Dt Acetf omn

218-W-3AE ' 8
218-W-3AE 8
218-W-3AE 8
218-W-3AE 8
218-W-3AE 8
218-W-3AE 8
218-W-3AE 8
218-W-3AE 8
218-W-3AE 8
218-W-3AE 8
218-W-3AE 8,
218-W-3AE 8
218-W-3AE 8
218-W-3AE 8

RTL5294
N RTL5394

RTL5494
- RTL5594

- RTL5694
% RTL5794
SRTL5894

RTL5994
- RTL6094

RTL6194
RTL6294
RTL6494
RTL6594
RTL6694

9/30/94
9/30/94
9/30/94
9/30/94
9/30/94
9130/94
9/30/94
9/30/94
9/30/94
9/30/94
9/30194
9/30/94
9/30/94
9/30/94

LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, Wf503) & PAGE 1 OF I
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTLD194
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-1D-110. 1. WastsGeneranbr Lawrence Berkeley Laboratory

2. . -IDate - .I. ChaWgeCode.SONo, orMPONo. 3527800

r4F1LX /7/ . Unit 12 WRM No. 9410-0182
&1 Stm Lcation (SDI) 1M NaneoIConaCt David Steffen/Susan Jahansooz

Module Tir Poo tawrence Berkeley Laboratory, One
14. Addess Phone cyclotron Road, Ma 2lStop 3753-101,

7. DisposalLocation Berkeley CA 94720 510-48S-5215
I certify tha: (1) No caphial property is Included In this waste unless

B'rnning Coordlinates N 4/ 6 0 W dorwnrted by a Property Disposal Rquest and described below. (2) To theNt of my knowledge, the Informatlon entered below is complete and
Ending Cootdntels N L/V) ( w ecorrate, and the waste package is in cornance wit WHC-EPOO3 and the

%6Q'L~ aL (5' Sloogal:::spos t Approval Record (SDAR. (3) Unless designated a
REFERENCES Ratloacilve Mixed Waste (RMW). thb waste Is not a dangerous waste as

delInd by Chapter 173-30 WAC or other appilcable state or federal regulation
governing the nanagemernt ot hazardous waste. (4) The charge code Is

16. RSaR No. 17. SDAR No. 17-IC41J401 correct.

I& DOE NRC 741 No. N/A 19, PDR No. N/A 15. sinltu Date 9-23-4

= Waste Dgsignan 0 Category 1 0 Category 3 0 >Category 3 [ FMW E Classified

21. Point of Orign N/A 30. Waste Category 31.Wast. Code (Check One)

22 Container Type 55 gal drum 23. LxWxH or DxL 24"dia x 35" height (Check One). DF FW 3 1-- OCL v Wr

24.ContVct.(n) 02M 2. Tare Weight (kg) 25 33 BW 3 DD SL EGL 08 0 P DTW
[I DS H NC El DM 13 S0 D P8 3 N C

2.Dste Packaged 8-22-94 2 GroeWeight (kg) 128.82- O CE O SS O LM O PA

28. Therrnal Power l<0.1 WMt 29. Dose Rap (mitern/hr),0.02 it I om Vt Seal No.

WASTE CONTENTS DESCRtPTION

33. Arcle Description .Cilries weg
Eimted Est Rado- isui/Acdtvation (TRU, o
Volurne Wght (kg nudldem only) andmorum only)

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal Icans)
Plastic (bags)

1.00
1.00

49.50
38.00
9.50
1.00

2.00
1.00

61.02
28.50
9.50

1.00

H-3 19 ci

X. TOTAL 100.00 103.82 1TOTAI 19

9
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGEDISPOSAL RECORD (REV 2, &/2&/SG) S. PAGE 1 OF L
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent f. PIN RTL0294
possible and a cross check of the applicable documentaton have
been performed in accordance with SW-100-050 or SW-100-1 10. 10. Waste Geerator Lawrence Berkeley Laboratory

2 Dale 11. Charge Code, SO No, or MPO No. 3 5 2 7 8 0 0
a i 4. FI&

3  
& Unit 12. WRMNo. 9410-0103

6. Slo-rag caio(001) IS. NaMeOfCantact David Steffen/Susan Jahansooz

Lawrence lerkeley Laboratory, OneModule Tier 14. Addis Phone Cyolotron Road, Mailatop 3753-101,
7. Disposl Locaflon. brkele Cr 94720 5:10-486-5251

I cenify tha: 1) No capital property is included In this waste unless
BeginnkingCowrdins N W documented by a Property Disposal Rquest and described below. (2) To the

eeat of my knowledge, the information entered below is complete and
Ending Coordinaes N wYlc6 accurae, and the waste padcage Is in comptiance wit WH-EP-OBS and lhe

StoagaDiposilApproval Record (SOAR). (3) Unless designated a
REFERENCES RadioactIve Mixed Waste (RMW), this waite Is not a dangerous waste as

deind by Chapter 173-30 WAC or other applicable state or federal regulation
_governing the nanagement of hazardous waste. (4) The charge code is

16. RER No. 17. SDAR No. 7-IC444O1 correct.

1& DOE NRC 741 No. N/A 19. POR No. N/A 1r. Signature Da, 9-23-94

2o. Wasia Kignan 8 Category 1 0 Category 3 E >Casegory 3 [3 FMN Classified

21. Poki of Origin N/A 30. Waste Category 3t Waste Code (Chedk One)
2z containtr Type 55 gal drum 23- LxWxHorDxL 24'dlaX35heh t 3One) OFW 1 M E CIL O W
24.Conl.VaL(mS). .206 2x Tare Weght (kg) 25 3 L W 3 DD H SL P GL C O C FW

- 13~ DS 9 I4 Ll DM [] SO C0 PB 13 NO
2s. Dam Padcuged 8-22-94 27. Gross Weight (kg) 116,1. I1 OCE O SS 3 LM OIPA
28 Themnal PowrH <0.1 W/It 29. DOW Rlde (mrm/hr) 4.02 f 1cm 32. Seal No.

WASTE CONTENTS DESCRIPTION

33. Artile Desciption IX E 3, 37. Curies 38. Ig)
Estimated Est Radio- (FisaIon/Activation (TRU.'Tranium
Vokxme W69h (kg nuclidF racts onL land Thorium ony)

10 mil liner
Antlcorrostin rad pad
Absorbant (Superfine)
Silica gel
Metal Icans)
Plastic (bags)

1.00
1.00

47.00
40.00
10.00
1.00

2. 00
1.00

37.12
30.00
10.00
1.00

H-: 19.005

3. ToTALT 100.00 1 .12 TOTA1 19.005

yr
S..,'

C-4



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2 625/3) 8. PAGE 1 cF L
SLarage/Daisposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical Inspection of the waste package to the extent 9, PIN RTL0394
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-100-110. 10. Waste Gene~rar Lawrence Bece.ey Laborat ory

i. Charge Code, SO No., or MPO No. 35270o0

4. -j46 5 . Unit C12 WRMNo. 9 410-0178

6. SwageLooeion(So ) 1a NameofContact David Staffen/Susan Jahanuooz

oLawreno" Berkeley Laboratory, one
tdude Tier P05i5on 14. Addess Ph" cyclotron Road, Nailstop 'lS--101,

7. Disposal Location Darkeley CA 94720 510-486-5251
_ certify tha;: iI) No capital property Is included In this waiste unless

N /documented by a Property Disposal Flqust ard described befew. (2) To the
Be ing Coordnates W best of my knowledge, the Information entered below is complete and

Endn CoordnalCcs _1 ) W *=raw. and the waste package is in compliance with WHC-EP-OO3 and the
St-ragetlipoel Approval Record (SDAR). (3) Unless designated a
Radioactive Mixed Waste (RMw), this waste Is not a dangerous waste a

REFERENCES detrnd by Chapter 173-30 WAC or other applicable stale or federal regulalton
governing the management of hazardous waste. (4) The charge code is

16. ISR No.A 5 3 117. SOAR No. 97-1C4J-0401 correct.

19. POR No. NA I~ rInh$1 )Z$ &t 9-23-94
I&. DOE NRC 741 No. N/AI.RN.NA 15 Sgnalu' O toe9-39

2. Waste Designaton H Category 1 0 Category 3 0 >Category 3 1 3LW 0 Classiied

21. Point of Orig* N/A 30, Waste Category 31.Waste Code (Check One)

22 Container Type 55 go] drum 23. LxWxH or DxL 24"dia x 35" height (Check One) D FW 1-N CL O WE
11 BW 13 DD 11 SL 0 GL 0 GM 0 TW

24. CnL Vd (m") U 25. Tare Weight (kg) 25 0DS QNC ESL DDS O PB 01C
. Dai Padraged 8-22-94 27. Gross Weight (kg) 113.0 [ CE 3 SS O LM 3 PA

hermal PowerH <0.1 W/ft 29. Coe Rate (mrem/hr) 40e a icm . Seal No.

WASTE CONTENTS DESCRIPTION

35. 71. Curies . Weit (g)33 Article Descrption Esimated Est Radio- FbarActivaflon {THU. ranurn
_Vokume Weight (kg ncldO [and Thorium on

10 Mil liner
Anticorrosion rad pad

Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic bags)

J. UtV
1.00

49.50

38.00
9.50

1.00

2.00

1,00
46.40

28.50

9.50
1.00

H-- ci

30. ToTA 100i.I00 I.40 TOTA1 19

C-5

1 I



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGEVDSPOSAL RECORD (REV 2, GS593) 8. PAGE 1 OF

Storage/Disposat information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTLD4O4
possible and a cross check of the applicable documentation have
been performed in accordance wilh SW-100-050 or SW-100-110. 10. Waste Generator Lawrence Berkeley Laboratory

I Dn 911. Chog. Code, SO No., or MPO No. 35 2 7 8 0 0

4. Q 62 03 a Unit t12 WRM No. 9410-0119

&. StarageLocaon(SOI) ia NameContact David Steffen/Suaan Jahansoo.

Lawrence barkeley Laboratory, One
14M Addes Phone Cyclotron Road, mailetop R73f-101,

7 Disposal Localmon Berkeley CA 94720 51D-436-5251
I certify that: (1) No capital property is included in this weaste unless

BgnnIng Coordinews N W dacjnented by a Propety Daposel Rquest and described below. (2) To the
Endiring Coctlin aN ~best of my knowledge, the informelon entered below Is complete and
Endrg Cooldneme N OW accurate, and the waste package Is In compiance with WHC-EP-ocea and the

-Storage/Diaposal Approval Record (SDAR). 13) Unless designated a
REFERENCES Radioactive MIxed Waste (RMW). this waste is not a dangerous waste as

deind by Chapter 17340 WAC or other applicable stale or federal regulation
goveming the management of hazardous waste. (4) The charge code Is

1. RSR No 17. SDAR No. &7C44401 correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A I& Signatm Dale 9-23-94

2D. wags Designafl category 1 3 Category 3 Q>Category 13U RW 3 Classified

21. Point of Origin N/A 31. Waste Category 31.Weae Code (Check One)
2 Comdiner Type 56 gal drum 23. LxWxH or DxL 24dia x 35" he ht (Check 0-) 0 FW 1-N Q CL O WE

24 Cont Vol. (m") 02N 2. Toe Weight (kg) 25 ODS SI 3CM 0 P W
2& Datedcaged 8-22-94 27. Grosa Weight (kg) 127.91 O CE Oss [ IM O PA
2-. Thermal Power I .1 W/t 2 Dose Res (mren/hr) <4.02 at I cm 3. Seal No.

WASTE CONTENTS DESCRIPTION

.D. t 8. 137. Curies 3. Wecht fg)
Eslinmed Est. k ClFIsso Actiaionl (ThU Uranium

___________________________Vokne Welitgh nulie FmoP t ol) Itand11)odru..)
10 Mil liner
Anticorrosion rad pad
Absorbant (Superfine)

Silica gel
Metal (cans)
Plastic (bags)

1.00
1.00

34.50
50.00
12.50
1.00

2.00
1.00

48.91

3).50

12,50
1.00

H-3113.09 C1 9

S TOTAt 100.001 102.91] TOTAJ 13.09 1

C-6



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/25/93) 0. PAGE i OF I

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN ThIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTU0594
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-100-110. 10. Waste Generatr Lawrnoce Berkeley Laboratory

2 Del. 11. Charge Code, SONo,orMPONo. 3527300

3._h C 4.F 5 Un 12 WRMNo. 9410-0120

& Storage aeokln(Sol) 13. NarniefCnW David Staffen/Suman Jahansooz
Position TLawrence Nerkeley Laboratory, one

M14. AddsPhOn Cyolotron Road, Nailstop B73-101,
'.rk.y CA 94720 510-486-5251

I certify that: (1) No capital property Is Included in this waste unless
documenteO by a Property Disposal Rquest and described below, 12) To he

BegitningCoordinatesN W best of my knowledge. the infortation entered below is complete and
accurate, and the waste package it In compliance with WHC-EP-00s3 and the

Erftng CoordnaltesL N W t Storegeiapoaed Approval Record (SDAR). (3) Unless designated a

REFERENCES Raiocve Mired Waste (RMW). this wasts l not a dangerous waste as
desnd by Chapter 173-so WAC or other applicable state or federal regulation

-- governing the management of hazardous waste, (4) The charge code is

16. RSR No. 392 1 17. SDAR No. $71C.J-0401 correct.

1iL DOE NRC 741 No. N/A 19. POR No. N/A IS Sigrnabre Date 9-23-94

.Wase g H Category 1 0 Category 3 0 >Category 3 0 RMW 0 Classified

21. Point of Origin N/A 30. Waste Category St.Wasta Code . (Check One)

2Z Continer Type 55 gal drum 2a LxWxH or DxL 24"dia x 3&' height (Check One) FW E HM D CL O
OW oED HSL DGL 0CM 01W

.Cont.VrL.(n) 0 2TseQWeight(kg)25 DS M NC 0 DM 3 S0 O PO QNC
Dale Packaged 8-22-94 27 GrossWeight (kg) 119.29. [ CE O SS O LM O PA

2 Thermal Power * <0.1 W/t I& Dose Rate (mremffhr) <.02 at 1 cm M Seal No.

WASTE CONTENTS DESCRIPTION
-. 34. X 36. [7. OurIee 38. Weiht (g)33. Artile Dscri Esimatd Est. I Rado- {Fbsion/Activaton (TRU, ranium,

Volure % Weght (kg nudide Prodea only) and Thorium only)

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cana)
Plastic (bags)

1,00

44.50
42.00
10.50
1.00

2 .00
1.00

48.29
31.50
10.50

1 .00

9TOTAL 100.00 94 ..29 1TOTA 19.01

C-7

qH-31 19-01 C I



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2. 8/25M3) 8. PAGE OF
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent g, PIN RTI.094
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-100-1 10. 10. Wasit Genoseator Lawrence Berkeley Laboratory

a Da 7 1i D' 11. Charge Code, SO No, or MPO No. 3527800

4 12. WRMNo. 9410-0123

&D 0 Ln~ ocation (Sol) 1,1 NMWOSCOn David Steffen/Snan Jahansooz
MoeLawrence erkeey Laboratory, One

14 Addesa Phone Cyclotron Road, ailetop 3753-101,
7. Disposal Location Berkeley CA 94720 510-4S5-5251

7 cerbify that: (1) No capital property is Included in this waste unless
eagning Oomra. N W/ INf dOfummntMd by a Property Olsposal Aquast Od described below. (2) To the

teat of my knowledge, the information entered below is complete and
Endng Coordni H/es N ) ) W accurate. and to waste pachage is in compliance with W4C-EP-0053 and the

Storageo:spo Approval Record (SDAR). (3) Unless designated a
REFERENCES Radioactive Mixod Wasite IRIMW). this weste Is not a dangerous waste as

defind by Chapter 173-30 WAC or other applicable state or federal regulation
governing the management of hazardous waste. (4) The charge code Ia

I. RSR 17. SDAR No. 874C-3J4411 correct

18. DOE NRC 741 No. N/A 19. PDRNo. N/A 15. SI1na 4 Dais 9-23-94

. waQMDqsin n H Category 1 0 Category 3 0>Categry 3 0 FtW 0 Classified

21. Point of Olgin N/A 30. Waste Category 31.Waste Code - (Check One)

22 container Type 55 gal drum _ 2 LxWxH or DXL 24"dia x 35ho i (Chk One) C FW 0 I-M 3CL O WE
X Cont Vol (m3) 0208 25. T- Weight (kg) 25 Q BW O3 DD USL OGL M CM OTW

1 Ds M Nc 0 DM 0 S0 O PB Oh W
2 Date Packaged 8-22-94 27. Gros Weight (kg) 121.11 O CE 3 SS LM O PA
a Thrmal Power U <0.1 Wmlt 21a Dose Rate {(Mremhr) 0.02 at 1 cm Seal No.

WASTE CONTENTS DESCRIPTION

3M. Arico Desocriphon

10 mitl liner

Anticorrosion rad pad
Absorbant (Supertinel

Silica gel

Metal Icans)
Plastic (bags)

37. curies 38. WKtf()
Esiinated Eat t (Fissiln/Activation (TRU, Uran um,
Vokmn A Ms1 k n-kb proax or*) :and Thorium only)

1.00
. 00

62.00
28.00
7.00
1.00

2.00
1.00

64.11
21.00
7.00
1.00

H-3 9.045 ci

3. ToTAL 100.00 96.11 TOTAf 9.045

C-8

9



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2. 6/25Wa) 8. PAGE 1 OF

Storage/Disposal information 1. SWSCR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent g, pIN RTL0694
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-100-110. il. Wastie Geoermt Lawrence Berkeley Laboratory

- D -' 11. Charge Code, SO No., or MPO No. 3 5 2 7 8 0 0

. sT4. 15. >Un f12 WRM No. 9410-0121

. StorageL-c8r (So1) 13. Namaof1tM2ct David Steffen/Susan Jahansooz
Lawrence Berkeley Laboratory, One

ModUe Tier POIIIn 14 AddressPhone cyclotron Road, Kailatop 27'--ot,
.posLocahon Berkeley CA 94720 510-486-5251

I certify that: (1) No capital ptoperty is Included in lIns waste urtilet|
Seinnhng Co rdnabs N W 7documented by a Property Disposal Rquest and described below. (2) To the

et ss of my knowledge, the information entered below Is complete and
Ends Coornates N // W 7 accurate. and the waste package Is in compfiance wth WHC-EP-tOSS and the

I t:rageD'I::sal Approval Record (SDAR). (3) Unless designated a
REFERENCES Radoactive Wixed Waste {RMW). this waste is not a dangerous waste as

delind by Chapter 173-30 WAC or other applicable state or lederal reglsion
govemlrig the management of hazardous waste. (4) The charge code is

16. RSA No A 3 17- SDAR No. 67-0-344401 correct.

lit DOE NRC 741 No. N/A 19. PDR No. N/A 15. Snatum Date 9-23-94

2D WasteDesiai H Category 1 0 Category 3 0 >Category 3 0 RMW 3 Classified

21. Point of Origin N/A Tst Waste Category 3lWaste Code (Check One)

2 Container Type 55 gal drum 23. LxWxH or DxL 24"dia x 35" height (Check 0e D W OIL 3CL O WE
24.~~~~~~~~ ~ ~ ~ ~ ~ Cot o.(3 2 o e.ih t 51 W E 30 D SL [3 GIL E OM 3 -TW

4.Can.VaL(9) . 2.Tare3Weight (kg) 25 OS HC0 DM 0 SO 3 P3 3 NC
28. Data Packaed 8-22-94 27. Gross Weight (kg) 122.92 f CE O SS QLM C PA

28 Thermal Power 0 <0.1 W/1t 29 Dose Rate (mram/hr) cO.02 at 1 cm G Seal No.

WASTE CONTENTS DESCRIPTION

33. Article Description - 37. C ais aWe )
Esimated I Eat k edo(Fid siodnctivaon (TRU Traiumny
Voune weiht (k5. fulki~J@pnukxM nea Lnd Thoriumr only)

10 mil liner
Anticorrosion rad pad
Absorbant (Superfirel
Silica gel
Metal (cans)
Plastic (baqs)

1.00

37.00
41.00
48.00
12.00
1.00

2.00

45.92
36.00
12.00
1.00

H-31 19 OS cl

R ToTAL 100.00] 97.92 TOTA4 19.05

9

C-9



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGF/DISPOSAL RECORD (REV 2, a'25 ) 8. PAGE 1 OF
Storage/lDisposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTLO794
possible and a cross check of the applicable documentation have
been performed In accordance with SW-100-050 or SW-100-110. 10. Waste Generator Lawrence Berkeley Laboratory

a uo ~- oat - -_e - 11. ChaWgO Code, SO No., or MPO No. 3527800

.F r Y5 ' . Unit 712. WMNo. 9410-0122

& StorageLocation(S01) 13, NamoConitact David Staffen/sugen jahansoos

Module Taer Position Lawrence Berkeley Laboratory, one
14. A Phone cyclotron noad, mailutop A759-101,

7. Diposat Location Berkeley CK 94720 510-496-5251
I certify that: (1) No capital property is included In this waste unless

Beglining Coordinates N documented by a Property Disposal Rquest and described below. (2) To the
best m my knowledge, the information entered below IS complete and

ErCdtgN Coord4n/s N ) W%accurate, and the waste package is In conpliance with WHC-EP-0O063 and the
i oragalagpoeat Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW), this waste is not a dangerous waste as
_I delInd by chapier 173-30 WAC or other applicable state or lederal regulation

governing the maragemet of hazardous waste, (4) The charge code is
16. RSR NO.J43 3 T17. SDAR No. 87-1C43J0401 correct

18. DOE NRC 741 No. N/A 19. PDR No. NZA 15. Sgaef Date 9-23-94

20. Waste Designation M Category 1 0 Category 3 0 >Category 3 0 RMW 0 Classified

21. Point of Origin N/A 31 Waste Category 31.Waste Code (Check One)

2Z Conteiner Type 55 gal drum 23. LxWxH or DxL 24"dia x 35" height (Check One) [3w ORN [--DtA ECL o r
24. Con. Val, (rin") .S 2. Tare Weight (kg) 25 DW 11 Hl D L [I CM B[N
2. Date Packaged 8-22-94 27. GrossWeight (kg) 115.67 0 CE 0 5 OLM 0 PA

28. Thermal Power H <0.1 W/ft 29. Dose Rate (mrem/hr) <0.02 at 1 cm Wr SeW No.

WASTE CONTENTS DESCRIPTION

33. A rticle D esc ption E 135. Is. B 37. C ris 138. W e" ht Ig

Voklrne 3 Weight (k4 nudide Products only) I and Thodrum only)
10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

1.00

37.00
48.00

12.00

I.00

2.00
1.00

$8.67
36.00
12.00

1.00

R-3 19.14 ci

3.TOTAL E100.00 q0.67J TOTAJ 19.14

C-10



DOE/RL-2014-43, REV. 0

6 Y
LOW-LEVEL WASTE STORAGE/DLSPOSAL RECORD (REV 2, 6/25/93) 8. PAGE 1 OF 1

Storageloisposal informalion 1. SWSDR No. JDO NOT WRITE 1N THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9, PIN FITL09S
possible and a cross check of the applicable documentation have
bean pedormed in accordance with SW-100-050 or SW-100-110. 10. Waste Generaor Lawrence Berkeley Laboratory

2 Si~64d~'- DaaY' - ~ i. Charge Code, SO No., or MPO Na, 3527800

. 4. F A e'- 15. Unit 12. WRMNo. 941D-0124

&a StorageLocationS(01) la NarneofContact David steffenl/susan Jahanmooz

Lawrence Berkeley abacratory. on.
Module ] Tier P09si on 14 AddressPhone cyclotron Road, Mailatop 375B-101,

7. Disposal Location Berkeley CA 04720 O19AS-4l-2 I
I carlify that: (1) No capital property Is Included In this waste unless

Belrrrlng C rdnates N 7 tZ Wdocumented by a Property Disposal Rquest and described below. (2) To the
i . bast of my knowledge, the iniormation entered below ]a complete and

Enhing Coordinates N w accurate, and the waste package is in complante with WHO-EP-0Me and the
Storag 'ei~ipoal Approval Record tSDAR}. (3) Unless designated a

REFERENCES lRadioactive Mixed Waste (RMW). this waste is not a dangerous waste as
defind by Chapter 173-30 WAG or other applicable state or fedoral regulation
governing the management of hazardous waste. (4) The charge code is

1 & RSR No. Q3 // 17. SDAR No. 87-1C-IJ-0401 correct.

18. DOE NRC 741 No. N/A 19. PDR No. WA 15. Signature Date 9-23-94

2o waste Desagnafion H Category 1 0 Category 3 0 >Category 3 0 RMW 0 Classified

21.PointoOrigin N/A 30. Waste Category 3t.Waste Code - (Check One)

2Contaner Type 55 gal drum 2. LxWxH or DxL 24'diax3''height (Check One) O FW [ 1-M 0 CL O WE
[ BW [ DD U SL D L 0 CM 0 TW

24. Cont. Vol. (rn' 0.20 25. Tare Weight (kg) 25 [3 DS E NO 0 DM OSO D PB DNO
26 Date Packaged 5-22-94 27. Gross Weight (kg) 126,65 0 CE OSS 0 ILM 0 PA

211 Themial Power <0.1 W/ft 29. Dose Rate (mrem/hr) <0.02 at 1 cm 2. Seal No.

WASTE CONTENTS DESCRIPTION

53. e34. 1 37. Ciries 38. Weight (g)33. Article Description Estimated t Radio- (Rsson/Activation (TRU, Uranium,
Volume Weight (kg nudlide Products only) and Thorium only)

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel

Metal (cans )
plastic bags)

1.00
1.00

42.00
44.00
11.00
1.00

2.00
1.00

'3. 55

33.00
11-00

1.00

11.12 C i

39. ToTt 100.00 10. 55 TOTAIi 11.12

C-11



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/ISPOSAL RECORD (REV 2, 6/25.3) 8. PAGE 1 OF 1
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent &. PIN FRL1094
possible and a cross check of the applicable documentation have
been pedormed in acaordance with SW-o-050 or S W-100-110. Ia Waste Generator Lawrence Berkeley Laboratory

2. 1 D f r 11. Charge Code, SO No., or MPO No. 3527800

SF1 5. Unit 12 WRMNa. 9410-0125

13% SlrageLOMNl Sol) ia NameofContact David Steffen/Susan Jahansoot

Modie Tier PIA. Lawrence Berkeley Laboratory, On.
14. Adem Phone Cyclotron Road, Kailstop 975B-101,

Disposal Locabon Berkeley CA 94720 510-486-5251
1 cefify ihat: () No capital property is included it this waste unless

Begnn Cooldneies N W dOtuntd by a Properly Disposal Rquest and described below. (2) To the
beast of my knowledge, the Information entered below Is complete and

Ending Coordnates N W accurai, and the waste package is in compliance wil WHC-EP-003 and the
Sltuage/D.spossl Approval Record (SDAR). (31 Unless designated a

REFERENCES Radioactive Med Waste (RMW), tis waste Is not a dangerous waitl as
defind by Chapter 173-30 WAC or ohs applicable stale or loderal regulalon
governing the I hemne of hazardous waste. (4) The charge code Is

I6 a FSR N.rW CFV 117. 9DAR No. 37-1C-3J-4M correct. p

Mt DOE NRC 741 No. N/A 19. PDR No. N/A IE Signaure Dale 9-23-94

M Waste Designation E Category I Q Category 3Oategory 3 [ FFAW O Classified

21. Point of Origi N/A 30. Waste Category 31.Waste Code (Check One)
2.Comnar Type 55 gal drum a LxWxHorDxL 24rdia x 36"height (Ched)ne QW One)'. oc3. o
240tvoma)25. Tare WMight (kg) 25 3 BW O3 DD *SL 13GL D CM 0 W

LD 0S I C 3 DM o o SO PB 3 NC
2. Da Packaged 8-22-94 27 Gross Weight (kg) 117.93 OCE SS 0 LM o 3 PA
28. Thermal Power <0.1 WIlt 1 Don Rate (mrem/hr) .02 at I rm a? Seal No.

WASTE CONTENTS DESCRIPTION
33. Article Description 34. _ 137. Curies 138. Wd (g)

Eflmated Eat. (FissionAclvation (TRU Laum
Vokume Weight kg ncld Producltsonly) and Thorium ony)

10 Mil liner
Anticorrusion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

1.00

1.00
39.50

46.00

11.30
2.00

2.00
1.00

42.93

34.50

11.50
1.00

H- 19.025

3TOTAL 100.00 92.93 TOTA 1 19.025

C-12

',)(I <-



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGFJDISPOSAL RECORD (REV 2, &2593) 8 PAGE 1 OF 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent . PIN RTL1194
possible and a cross check of the applicable documentation have
been performed In accordance with SW-100-050 or SW-100-1 10. 10. Waste Generaor Lawrence arke y Laboratory

2. Ss 911. Chetge Code, SO No., or MPO No. 3 5 2 7 890 0

. 4F 5 Unit 12 WRMNo. 9410-0126

6. StoageLocatn (So) 13. NameofContact Davjd Steffen/Susan JahanooK

Modulo Tir Position 1 Phne Lavrence Berkeley Laboratory, On.Modue Ter osh14. Adeu Phyn critron Road, Hailatop 1135111-101,
7. Dsposal Localion SAerolae -Cl 94720 508-S.5251

I certtiy that: (1) No capital property is included in this waste unless
documented by a Propeny Disposal Rquest and desctibed below. (2) To the

W beat of my knowledge, the information entered below ia complete and
Endng Cooninalos N w 7 accurate. and the waste package is in compliance with WHC-EPO0B3 and the

I Storage/Dipomel Approval Record (SIDAR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW, this waste is not a dangerous waste as
defind by Chapter 173-30 WAC or other applicable state or federal regulation

Sgoveing tMe management of hazardous waste. (4) The charge code is
1. IRSR No. 117. S0AA No. 97-1C-3.|-4M1cret

111 DOE NRC 741 No. N/A 19. PDR No. N/A 15. Signatre Date 9-23-94

2 WasDesignaton H Category 1 [ Category 3 0 >Category 3 0 FAW 0 Classified

21. Point f Crigin N/A 30. Waste Category 31.Waste Code (Check One)

2. Contaner Type S5 gal drum 23. LxWxH or DxL 24'dla x 35" height (Check ne) OFW I-N 0 O M
3k Cant Vol. im) 020B 1M Tare Weight (kg) 25 05W ODD 0 L E 0 L MCM 03 P N

I DS Ht ' INC os oi' D3Sr3 B1 C
2s. Doe Packaged 8-22-94 I 7. Gross Weiht (kg) 1297 - ElCE [ SS OLM OPA

2& Thermal Power E<0.1 Wft & Dose Rate (mramthr) S02 at 1 cm 32. Seal No.

WASTE CONTENTS DESCRIPT)ON

U5 Article Deciption 134, P, [s7. CurleS 38. WeI (g)
.Estimated Est i issioActivation (TRU Uranium
Volume Weight ( nud roducts On) ad Tihoum only)

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cansl
Plastic (bags)

1.00
1.00

37.00

48.00

12.00

1.00

2.00
1.00

52.73
36.00
12.00

1.00

H-3 16. 07 Ci

3ToTAL 100.001 104.73 TOTAI 16.07

g
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/SPOSAt. RECORD (REV 2, 62593) 8. PAGE 1 OF
Storage/DisposaI information 1_ SWSDR No. (DO NOT WRITE IN THIS SPACE)I certify that a physical inspection of the waste package to the extent a PIN RTLI294possible and a cross check of the applicable documentatilon have

been performed in accordance with SW-10o-050 or SW-100.11g. IQ WasteGs~engralor Lawrence Berkiley Laboratory

DaI 15 Charge Code, No.. or MPO No. 3 5 t2 7 8 0 0

E 4N PR N 12. WRMNo. 9410-0127
1. P fS to ra g e Lo caN/o n (S W)a...

13. NafmcfConl ut David StexfiEn/suan JahanoiE
7m----le4 Adekkm Phons a i II 1111i11 iDisp4. LCYC cy r on Road, ka:ii top 875B-101,7.- 2ispo .a o WeigB rkhtley CA 94720 5-1 3-E

I *srnay tWa (1 Nu d n thD s waste u1ress

End4ng CoordQalas N QW ac a p l QW M a tePlastic 
Sorag spoal Approval Record (SDAR).(Ue sg dREFERENCES Radioactive Mixed Waste RMlf this wasts, is nt aU daners ste a

la RSR No ~~17. SDAR No. 87-1-A r r d

18. DDE NBC 741 No, W/A 19. PDR No. N/A 15. _Signisturp Daftd 9 2.2D. Was,, Designagirn 8 Category 1 13 Category 3 [3>Category 3 0 RMW [3 Class fied

21. ontaie o yp 2 5t N/Afd x x 0 Waste Category 31 Waste Code (Chec 0-)M CntanerTye 6 ga dum 3L x~H or DxL. 24"i x 45" 1egh (Check ons) 0 FN Q A1 CL1Z4. Cont Vol. (m*) 0.2M 25. Taro Weight (kg) 25 - BW[ I SL [3 GIL0C 3T
2& Date Pacitaged 8-22-41 27. GrIoss Weight (kg) 1 a.3 9 13 CE P3 s 0NLME3P2. Thermal Poe 

---- A 2,Ds w ( rmhr - 2 a MI X Sa o<0WATE COTN Dos RaE (memF 4 -- -
NTETS NSRIPTMO

31 Article Descriphoo 34Uerl0

10 mil iiner 
k.0 2.0 f- 70

Anticorrosion rad pad 1'00 1.00 -177
Absorbant (Superfine) 37.00 41.39
Silica gal 

37.00 41.39
Metal (cans) 12.00 32.00
Plastic (bags) 1.-00 12.00

T100 10

esmpMENpErI1 T
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DOE/RL-2014-43, REV. 0

SWITS LOG SHEETS 1994

Waste P W Accept PIN
Cmpy Bldg Area Type Type Facility Unit Date Number Volume

LL LBLAB 200W 2A R 2IBW3AE TOB 09/30/94 RTL1294 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL1394 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL1494 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL1594 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL1694 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL1794 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL1894 .208
LBL LBLAB 20OW 2A R 218W3AE 108 09/30/94 RTL1994 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL2094 .208
LBL LBLAB 200W 2A R 21BW3AE T08 09/30/94 RTL2194-- .208
LBL LBLAB 200W 2A R 21BW3AE T08 09/30/94 RTL2294 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL2394 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL2494 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL2594 .208
LBL LBLAB 200W 2A R 218W3AE TO 09/30/94 RTL2694 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL2794 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL2894 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL2994 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL3194 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL329t .208
LBL LBLAB 200W 2A R 218W3AE TUB 09/30/94 RTL3394 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL3594 .208
LBL LBLAB 200W 2A R 218W3AE TO8 09/30/94 RTL3694 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL3794 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL3894 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL3994 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL4094 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL4194 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL4294 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL4394 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL4494 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL4594 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL4694 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL4794 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL4894 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL4994 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL5094 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL5194 .208
LBL [BLAB 200W 2A R 218W3AE T08 09/30/94 RTL5294 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL5394- .208
[BL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL5494 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL5494 .208
LBL LBLAB 200W 2A R 21BW3AE T08 09/30/94 RTL5694 .208
LBL LBLAB 200W 2A R 21BW3AE T08 09/30/94 RTL5794 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL5894 .208
LBL LBLAB 200W 2A R 218W3AE TO 09/30/94 RTL5994 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL6094 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL6194 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL6194 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL6494. .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL6594 .208
LBL LBLAB 200W 2A R 218W3AE T08 09/30/94 RTL6694 .208

107 rows selected.
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGEODlSpOSAL FECORD (REV 2. 6/25W) 8. PAGE i OF 1 I
Storage/Diaposal Information

I certify that a physical inspection ot the waste package to the extent
possible and a cross check of the applicable documentation havebeen performed in accordance with SW-100-05o or SW-1001 10.

a - I- Os - I
o aZ~rV,. 1.rfdC..n.r I- ... nr'

1. SWSD No. (DO NOT WRIT IN THIS SPACE)
9. PIN RTLI3O4

1Q WaieGenerajor Lawrence Berkeley Laboratory

11. ChrgCode,SONo.. orMPO No. 3527000

, F& Unit Nw WRa 91sn- o m

SraSroea 
locpaon (cUa)

REERNCS11 NaeofCi Da id Stoffen/Susafr Jahanseoa
dModLeb Tier Posptio Lawrence a le tratory, one
147dmsPo CrcloLrOn Road, Hailstop 3758-101,Dsposal Location Bree A970504655

-I--- - - 111tiY that: (1) No cpitalprpryi Inldd n thsw teu esBgnngCoordinates N ) W documented by a Proet Dimpoe ua l an descie eo.()T h
Ebent Cofnae Nn " nowleDe. th ifration enteed alc Is complee an

--- - -Storage/Disposal Approval Record (SOAR). (3) Unless designated a
REFERENCES Radioactive Mixed Westo (191164, this waste It rhot a dangorcus waste as

... defind byy Chapter 172..30 WAC or other &ppicable state or federal reosulon
.overning the management of hazardous waste. (4) The charge code is16. RSR No. 17, SOAR No. I7-1C-ti.04M rrc-r.

18. DOE NRC 741 No. N/A i1 PDR No. N/A 1. soge -39
2 WAM Delignabon Category 1 E3 Category 3 D >Category 3 0 FLIW tj Classified
2t Point of rigin N/A 30. Wasts Categoryj 31.WaisiCcc-- (Ch*alc Ono)
2. Container Type 56 go] drum 23 LxWXH or DxL 24"dia x 35"aheght (ChockOn) OP FW O d 0K24.Cont V. (m) 02s ZTnWght g)W [D LM OO GL fM

. Dale Padaged 8-22-94 27 Gross Weight (kg) 123.83 CE 08S Lm nPA
SThe l Power *<0.1 WAs 29. Dose Rate (mrem/hr) <0.02 at 1 cm Seal No.

WASTE CONTENTS DESCRPTION
Artcle Descripion

Esurmaled 'Ent
10 nil lin er -0 -. 0k
Anticorrosion rad pad
Absorbant (superfine) 1.00 1.00
Silica gel 37.00 46.e3

Metal (cans) 48.00 36.00

Plastic (bags) 12,00 1200

31 7 Cuios 36LRado- (F9ssi6n/ACtivation TF,0adrnld Prout only andu Z
a-dThon on6H-3 15.07 g

TOTAL 100.00 98.83 TOTA 15.07

C-16
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGEIDISPOSAL RECORD (REV M

Storage/Disposa Information
I certify that a physical lnspection of the waste package to the extent
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-100-110.

4tte
& 4- ili 4 .- S. Unit 1

6 S1rage Locaeon (S01)

10d0" Tier ps~n

7 DilposaloLwalion

Beginning Coordinates N 96C 6 W
Ending Cooicdnates N /lWe

REFERENCES

16. ASA No. 17. SDAR No. 7-104J-041

IS, DOE NRC 741 No. N/A 19. PDA No. N/A
- - -- L

8- PAGE 1 OF
1. SWSDR No. (O NOT WRITE IN THIS SPACE)

9 PIN RTL1 494

10. WasteGenerae Lawrence Berkeley Laboratory

11. Charge Code, SO No-, or MP0 No. 3 5 2 7 8 0 0

12. WRM No. 9 d10 -0.12 9

2 NsrnOICQnU c fDavid Steffen/susan Jahanao*:
Lawratom Berkeley L oratory, a14. AddressPhone cyclotron Read, Kailstop B75B-101

I certify that; (1) No capital pmperty Is Included in this waste unless

acrate, and the waste peelpin Is in conppianca wit WC-EPCie and te
StoragefDIsposal Approval Record (SOAR). (3) Unless designated aRadioactive Mtxed Waste (RMW), this wast Is not a dangerous waste asdefind by Chapter 173-30 WAC or other applicaWe state or federal regulation
governing the management of hazardous waste. (4) The charge code is

correct r

M Waste 0esgton M Category 1 0 Category 3 ( >Caegory 3 [ RMw 0 Classified
21. PointofOrigin N/A 30 Waste Calegwry
22. Contaner Type 55 gal drum 23. LxWxH or DxL 24dia x 3" height (CheckOne)
a Cont Val. (M) (2M 25. Tare Weight (kg) 25 1 W O DD

[3DS HEIC26. Date Packaged 8-22-94 27. Gross Weight (kg) 118.84 0 CE [3SS
.Thernli Power H <0.1 Wilt 29. Dose Rae (mremrhr) 40.02 St 1cm

WASTE CONTENTS DESCRIPTION

31.Waste Code (Check One)

DEFW CPN+ Q3CL Q3YtE SL O GL M CM 3 TW

E. 0M DPB 3 N.
D3IM DOPA

33 Ade Deacription

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

Estnated Est
Volutne Wegh (kg

1.00 2.00

1.00] 1.00
34.50 39.84
50.00 37.50
12.50 12.50
1.00 1.00

39. TTAL 1 100.00 93.84

36.
Radio-
nuclide

H- .

37. CuriWs 38 F9
Fiessot/ACMvlon fpU.
roducft only) and od
16.085 Ci

TOTAI 16.085
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DOE/RL-2014-43, REV. 0

LOW-LEVELWASTE STORAGE/DISPOSAL RECORD (REV 2, 25S3) a PAGE r I
Storage/Disposa Information 1. SWSDR No. (00 NOT WRITE IN THIS SPACE)

I certify that a physical Inspection of the waste package to the extent g. PIN RTLI14possible and a cross check of the applicable documentation havebeen performed In accordance with SW-1 00-050 or SW-100-110. 10. Wasite Generaix Lawrence Berkeley Laboratory

a . - -. It Chue ds Coa 60 No.. or MPO No. 3 5 2 7 8 0 0
'~jLXJ 4 , Unit 12 WRMNo. 9410-0130

S a 1 Nae ofCllarpol David Steffen/suan JahAnsoo.

4 .e ACt grr O a wr1n0a g B0r *Jg ry L o r a t o r y , a 14 dra~oeCyclotron Road, Ka 1to 875B-101,7. ~ ma Loatin rkee CA9420 510-4p, -L
fdocnumnene yed alWy ad (1) i isposal rp(e) nd dib bo( owf
EDr2t Coord nates J Kr1W e ) k wledge rma eSL el 0s 0 a

SerageDposal Approva Record (SDAR). (3) Unless desinated REFERENCES eadnoacv Mixed Waste WMD this waste is not a dangeus waste asdWAnd by Chapter 17- WAC or or applicable state or lederat reation?& SR o. 7.SDA No 8-1CJ-001go ening the management of hazardous waste, (4) The Charge ewds is
I& DOE NAC 741 No. N/A 19. PDR No. N/A I1E SiLgnaWEu

20, Was*Delignaton 0 CatgOry 1 0 Category 3 13>Catory 3 E3 FW 0 Classified
21.PointfOrio N/A pa 

Was GagOry 31.Waste Coda (Chec One)2A corbnter Type 55 gal drum LxWxH or DXL 24"dia x 35" height (Check Or*) D FW 0 # 3 C 0 C
24 Cont Voi. (ms) U.20G 25. Two Weight (kt) 25 a No H LOGLO(

Metal (cans)M13$0E 
0N

211 Dawe Pa*kagd B-22-94 27. Gross Weight (kt) 11 5.6-T 13 B ) SS E33L 0P
2&A Thlmal Power 0.1 2 D s P- t rlr) 4D. (&2 ti on, 32 saw No.

WASTE CONTENTS DESCRIPTION
33, Article D pio n 34 & . 37.Cre 8 g

Plastccvation R
10 mil line.r 

T(1k.00, 97 -3 1h5.0Anticorrosion rad pad 1.00 1.00 H31.8 c
Absorbant (Superfine) 37.00 38.67
Silica gal 38.00 36.07
Metal (cans) 42.00 12.00
Plastic (bags) 120 12.0

C-18



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPC$AL RECORD (REV 2. 6/25t3) 8. PAGE 1 OF L
Slorage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent q PIN RTU694
possible and a cross check of Ihe applIcable documentation have
been performed in accordance with SW-100-050 or SW-100-110. 10. Waste Generator Lawren ce Berkeley Laboratory

2 S'~tW~ " I L- 11.W i Code, SO No, or MPO No. 3 5 2 7 8 0 0
a." 2( 4.FiY <Lt 1ZS - .Uk < WRMNo. 9410-D131

& Storage Locatiorn (S01)
13. NameofContact David Steffen/Suaan Jahangooz

MId Ze TBZrII I sitiii atrance orkacy L awratory, one- ---- 14. Addos Phone cyclotron Road, Kailatop V753-101,
7. Disposal Location Rerk * 4 51-3 6-2 1

I certify that: (1) No capital property is included In this waste unless
Begirting Coordinates N docunented by a Property Disposal Rquest and described below. (2) To theElemin Cordiate N 1--)best of my knowledge, the informaton entered below is compleie arndEc&VOtatemf N ,i/n ) W -/CY accurate, andl t waste package Isin compliance wthiC-EP-0ct63 and theW Y2' Siorage/Drsposal Approval Record ISDAR]. (5) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW). thi waste is not a dangerous waste es
defind by Chapter 173-30 WAc or other applicable state or federal regulation
goveming the management of harardous waste. (4) The charge code isI& RSR No j17. SOAR No. 87-1C-41 crroul.

1. DOE NRC 741 No. N/A 19 PDR No. N/A 15 Sigrnaure Dab 9-23-94
211 Wase Designa1ton 2 Category 1 r Category 3 t3 >Category 3 [ RMW [ Classified
21. Point of Origin N/A 30. Waste Category 31.WasteCode (Check One)
2. Contidner Type 55 gal drum 23 LxWxH or DxL 24"dia x 35" height (Check One) [ FW 0E-H [M CL QWC08 W O3DD INSL. O3GL [ICM[ 01W24.ContVol-rm') O.n 25. Tw Weight (kg) 25 3 BD H E 050 G

2 Da*le Packaged 8-22-94 27. Gross'Weight (kg) 114.3; DCE S9 [ L PA
28 Thermal Power H <0.1 WAt 29. Dose Rate (mron/hr) <0.02 at I cm 32 SealNo.

WASTE CONTENTS DESCRIPTION
S Article Description

10 mil liner
Articorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans

Plastic (bagas

Estimated
Volure 9

1.00

1,00

37.00
48.00
12.00
1.00

35,
Est

2.00
1.00

37.31
36.00
12.00
1.00

3&
Rado-
nuclide

H-3

37. Curies
f iassio/Activaton

19.025 Ci

3D.TolAn. 100.00 89.31 TOTA 19.025

(TRUrnv
and Thodurn ny)
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGEJDISPOSAL RECOAD (REV 2, 5253) 8 PAGE 1 ;F1
StOrage/Disposa Inforration 1. SWSDR No. (1 NOT WRE IN THIS SPACE)

I certify that a phys.W insPCWiOn Of the Waste pCckage to the eXtent 9. PIN RTLd794
possible and a cross check of the appiabl L documentation have
been perormed In accordance W Mt SW-100-050or SW-100-110. 10. Waste Gnerator Lawrence Berkeley LaborarM y

2. omnwe d 4 11. Cha-29ZCode,tSroNosertMP(gNo. 3 527 8OB
3 t4. 5 UN d 12. WRM No. 9410-13132

6. SaraG~oa"(ol)13. NaMeOfC-Onta David Steffen/Ssan Jahansooz
Module Tier Poson ,oelcm e aora14 AdlssPI0 Cyclotron Road, Balto 73B--101,

ffDisposal Location C;E9472H-U-52 5I cer~fy that (1) No capital property Is Included in thiswteuls22 Caoninate documented by a Prop"rl Disposal Rquest and descrobed belw (2) Toth
N best .1 "y knowledge, the information anterwid palow is Complete andEndq oodinja NW 7*=Keate, and thw waste, PackaW Is In Comlilance with WHC-EP-0053 and the- ----- -- Slorage/Dispasal Approval Record (SDAR). (3) Unless designated aREFERENCES Fladloactive Mixed Waste (RMW). this waste Is not a dangerous waste am

_delind by Chapter 173-31) WAC or 0iher applicable state or fed"ra regulation16 RR No17. DAR o.go-vernn the management at hazardaus waste. (4) The charge code is

1La DoE NRtC 741 No. NIA 19. PDR No. N/A 15 ro Dat 9- M9
20. Wasle DosIgnation 8 Category 1 13 Category 3 [1 >Category 3 0 IA [3 C lassifigd n

21. oinl WA30. WaskD Calegury 31.Waste Code (Check One)22- contaner Type 55 gal drum 2& LxWxH or DxL 24"dia x 35' height (Ghack Onm) 13 FW E3 IA 13 CIL Q VC24. Cont.Vdl. (m) 0211111 M Tam Weight (kg) 26 - ODL HW G3 D M E3 So[TW 3N
2& Dowe Pa*Kpgd 8-22-94 27. Gross W@Ight(kg) 126.A0 -3 E 13 PB [3 LMC3P
2EI Thannal ower M 40.1 W41 2.Dse Rate (-ronv/hr) <4.02 at 1 amn 32 Seal No.

E3. Al DeNTIENr S DESCRPs N
33. Ardice Doedito as. 15 1,

10 Mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

Estimated
Volume *A

1.00
1.00

39.50
46.00

12.50
1 . ri

Est
Weight (kg

2.00

1.00
51.10
34.50

11.50
1 .00

Raio-
nucHidl

It-3

37. Curies
(Fisslon Activation
Pmducs only)
9.09

.TOTAL 100. Oo 101.10 TOTA 9.08

ndWert (g)
and rarnuum,_

9
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DSPOSAL RECORD (REV 2, 6293) 8. PAGE I OF L
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package 1o the extent 9 PIN RThLaI94
possible and a cross check of the applicable documenlation have
been performed in accordance withSW-100-00SorSW-100-110. 10. Wasta Generateor Lawrence Berkeley Laboratory

2 ra c 6  
Da(' - 11. ChwCOd, SONo.. OIMPONO. 3527800

Jr. 14 &it t.K'd a. Unit 12? WRFMNo. 9410-OIL33

6- Storage Looalimn (So1)
a13. NameofContac David Steffen/Susan Jahanmooz

mod*I I iEZr Position AIIIIIIpZI I Lawrence Berkeley Laboratory, One. Cyclotron Road, Mailatop 175B-10,
7. Disposal Locaon Berkley cA 94720 510-486-3251

1 cortify that (1) No capital property Is included in this waste unless
Beglraing Coordnates N w 7/? 9 3 documented by a Property Disposal Rquest and described below. (2) To tihebest of my knowledge, the inerrtation entered below Is complete and
Endng Coordnates N 4 rW74 CoO accurate. and the waste package is in compliance with WHCEP-Do63 and the

Strageisposal Approval Record (SDAR). (3) Unless designated a
REFERENCES Radioactive Mixed Waste (RMW), tNs waste is rior a dangerous waste as

defied by Chapter 173-30 WAC or other applicable stare or federal regulation
... governing the management of hazardous waste, (4) The charge code is

16. RSR Nol 17. SDAR No. 87-4C3J0401 correct.

18. DOE NRC 741 No. N/A 19. PDR NO N/A 16. Signature Dabs 9-23-94

20 wate DeHignaor N Category 1 f Category 3 0 >Category 3 [3 FUW 0 Classified
21. Poin olOigin N/A 30 Waste Category 131Waste Code (Check One)
22 Container Type 55 gal drum 23. LxWxH or DxL 24"dia x 35" heIght (Check One) j3 FW [ i- M CIL 3 V
24. Cnt Vol. (Mi 0.2 25. Tore Weight (kg) 25 O BW D 1 0 SL 3 GL 0 CM 0 TW

I DS E NO DM 0 SO D PB D N2 Dteb Padcaged 8-22-94 27. Gross Weight (kg) 113.85 O CE 3 SS L.M E3 PA
M Thermal Power <0.1 Wit 2. Dose Rate (mrenVhr) .002 at 1 cm 32 Seal No.

WASTE CONTENTS DESCRIPTON

Article Description

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

- I-

Estimated IEra. Fado-
Vum Weght (kg] nudhde

1.00
1.00

37.00
48.00
12.00

1.00

2.00
1.00

36.85
36.00
12.00

1.00

H-3 !

37. Curies -
(Fissicn/ActIvadon
Products only)
19.025

39 TTAL 100.00 88.85 TOTAII 19.025

38 Wht g)
(TRU, aramrum
and Thorium ony)

9
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGEcISPOSAL RECORD (REV 2. '253) & PAGE 1 OF 1Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)
I certify that a physical inspection of the waste package to the extent % PIN RTLI994possible and a cross check of the applicabie documentation havebeen performed in accordance With SW-10D-050 or SW-100-110. 10. Waste Generator Lawreaoo Bark eley Laboratory

D 11 ChargeCode SONo,,orMP No. 3527800

_t 4.agage F/ 
posa Apv Re or 12( WRMNO . 9410-0134

deln b rapa 3-O AGoLohe aplcai sarno 
(dra 

rgus)o

1g Nerneof Canact David ateffen/san JTahanoo

1&~La 
IS No. 17. 

1~ No 540.40'crr

4. .eo C o Loacatg orke k 2 0 Csya3 nCsie

lening Cooodnatls N W dou nt by a Propert Diso Rsandeied a Wow (2ote
SoOi N bt of my knowledge. the Information entered below chect andEndgCorine graccurate, and the waL pxckage Is In compliance wth WHC-EP-0063 Bind the2f 0n f n a;eStorage/sposal Approval Re 0rd (SDAR). 0 P) Unless dREFERENCES Radioactive Mixed Wste (ReW this waste is not a dangerous aste asdernd by Chap $*3-00 WAC or ot applicable stae or fed"cSe reguladon1& RR N. 1 SDRN. S-1 Mgoverning the management of hazardous wans-e (4) The charge oode is

L DOE NRC 741 No. N/A 19. PDR No. N A 1 Signaure
20. waste Designation Category I 3 Category 3 >Category 3 13FN E Classified

21.Pintoorign WA30. Waste Category 31.Waste Code (Check One)2z Container Type 55 gal drum 23. LxWxH or DxL 24"dia x 35" height (CheckOnr) 13FW 3 M 13 CIQ 3W24. Cant Vd. (nrl 0.=0 25 Tare Wiliight (ko) 25 E3 0 M GLNC;O l2.Date Packagod 8-22-94 27. Gross Waight (kg) 113.(40 '1 CE OS [3 NLC

E~~1 TrmlPer <.1 WMt 2. Dse Rate (..mhr 0 I

- WASTE OONTENTS DESCRIPTION
M Article Descripon34X

34.ir Es. l3& Rao-tci. ivaio "&' .~ruVokInle Whi k nudide and ur on
1.00 2.00 H-3 19.025 Ci
1.00 1.00

37.00 36.40

49.00 36.00
12.00 12.00
1.00 1.00

ToAL .00.00 88.40 TOTA 19.025

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

C-22



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGEDISPOSAL RECORD (REV 2, /2-%3) 8. PAGE 1 OF 1
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE

I certify that a physical inspection of the waste package to the extent S PIN RTL2394
possible and a crass check of the appicable documentation have
been performed in accordance with SW-100-050 or SW-100-1 10. 10. Wasle Ganaralor Lawrence Berkeley Laboratorey

2. S ~~Dala M' d 1 Charge Cod., SO No., or MPO No. 3 527000a
Al 5. Unit 12. WRMNo. 9410-0135

6. Storage Locationt (Sol)
13 Namooto act David Steffen/su an 3ahansooz

Madle Tier Position awrance r ey ratory, a14. Addhsa Phone Cyclotron Road, Iailatop B75B-101,
7 DisposalLocation Berkeley CL 94720 510-486-5251

cI rtiy that: (1) No capital property Is included in this waste uniess
Begirning Coordinals w documented by a Propeny Disposal Aquest and described below. (2) To ths

sat of my knowledge, the informalion entered below Is complete And
Ending Coordnates N W ,7 accurate, and the waste package Is in compliance with WHC-EP-0083 anad theS-- ag-eDspoau Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste {RMW). this waste is not a dangerous waste as
delnd by Chapter 173-30 WAC or other applicabte state or federal regulation
governing the management of hazardous waste. (4) The charge code is

1. RSR No, C 17. SDAR No. 87-1C-2J441 correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A IS Sigrtr - Dae 9-23-94
20 Wasti Designation M Category 1 0 Category 3 0 >Category 3 E RMW [ Classified
2t. Point of Origin N/A 3M. Waste Category 31.Waste Code (Cheek One)
22 Container Type 55 ga drum 23 LxWxH or DxL 24dia x 35" heght (Chek One) I FW E3- R CCIL 0 W
24. Cwnt. Vd (m") 0.2M 25. Tare Woight (kt) 25 O BW O DD * SL 0 GL 0CM 0 Tw

.V _0tDS M N 0 O DM r s0 O PB o No& Date Pactged 9-22-94 27. Gross Weight (kg) 12.92 3 CE 3 SS 3 LM OPA
28. Thermal Power E <0.I Wft 29. Dose Rae (mror/hr)4,02 *1cm 32 SealN.

WASTE CONTENTS DESCRIPTION
37 w.

33. Article Description

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic {bags)

Esimated!
Volume '

1.00
1.00

34.50
50.00
12.50
1.00

35
Est
W2ight (ft

2.00
1.00

43.9?
37.50
12.50
1.00

33
Radio-
nudide

H-3

37. Curins
ftsion/Activation

14.055 C0

39.TOTAL 100.00 97.92{ TOTA j 14.055

30 Weight g)
(TRU, Uranjimand Thortumn only)

C-23
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LOW-tEVEL WASTE STORA GE/IOSPOaA nrnntl3J ffr

Storage/Disposal Information
I certify that a physical inspection of the waste package to the extent
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050or SW-100-110.

& SrageLocafian (D1)

Mocke Ti.r

7 Disposal Location

Beginning Cooin*si N WTC W
Endng Coordnales N W

REFERENCES

M6 RSR No. 1 3 Y 17. $DAR No. 87-10,6

la DOE NRC 741 No. N/A
1 ,PDR N/A

:D WasnD Deignation H Category 1 D Category 3 D >Category 3 0 FUW 0 c
21. PoinotOrigir N/A 30. Waste Category 31.Waete Cods (Check One)
2. Conanr Type 55 ga drum 23. LxWxl or DxL 24"dia x 35h h (Check Oro) O pW [I-3 DL OWW

24. Cont Vd (m*) UNl 25, Tara Weight (kg) 25 13 BW DD E SL 030 O CM [ TW
2[.a Padka d 8-26-94 27.Gross Weight (kg) 127.01 -CE 3SS L P PA
'2. Thermal Power 9 <0. Wt 7A Dose Rw (mrem/hr) 0.02 a 1 cm M Seal No

WASTE CONTENTS DESCRIPTION

Article Oescription 37. Curies SOW. t)Esiemated Est. Raio- eon/Actvaon (TRU, anium,
-rVolume 9 Weiht (k nude roducts only) and Thonium only10 mil liner 1.00 2.00 H-3 19.02 CiAnticorrosion rad pad 1.00 2.00

Absorbant (Superfine) 39,0 5.01
Silica gel 39.5o 32.5o
Metal (cans) 46.50 14.50
Plastic (bags)

DOoa 100 102.01 TOlAI 19.02

I
- 8. PAGEIF ..

1. SWSDR No. (DO NOT WRITE IN THIS SPACE)
O. PIN RTL2194

10. WasleGenmraor Lawranae Berkeley Laboratory

12. WRM No. 9410 - 013 6

13. Nameo C*n)ac David Steffen/Sugan Jahanwooz
Larsnae Barkeley ar at.ry, Ono

14, ddm"h~m Cyclotron Road, Mailstop B753-101L

I aoy tat: (1) No capia po@ aicuded I hswseuisdocumented by a Prope"t Disposa Rquest WWd desabaed below. (2) To Vhs
best Of My khoteledge, the Information entered below is cOmpteW andsccurate. and the waste Package a In complIance with WHC-EP405 and to
ScoragerDisposal Approval Record (SDAR). (3) Unless designated a
Radioactive Mixed Waste (RMW). tNs waste is not a dangerous waste as
defind by Chapter 173-30 WAC or other appicable state or federal r' ation
governing the management of hazardous waste. (4) The charge code is
co . In t

C-24
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DOE/RL-2014-43, REV. 0

C..
LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 5/25t93) 8. PAGE 1 OF 1

Slorage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a pbyslcal inspection of the waste package to the extent 9. PIN ATL2294
possible and a cross check of the applicable documentation have
been performed in accordance with SW-1 00-050 or SW-1 00-110. 10. Waste Generaor Lawrence Be rke ly Lab oratory

2 86Q 6 C a9l Y - 11. Charge Code, SO No., or MPO No. 3 5 2 7 a 0 0
3 t-5 *W & Un 12 WRIANo. 9410-0137

. Stora Localli (01) ia Nameof Contact Danld Steffen/Susan Jahanaoos

Moduie Toer POO Lawrence Markoley Laboratory, one
14, Addess Phone Cyclotron Road, Hailatop 3753-101,

7. Disposal ntlon Berkeley CL 94720 510-486-5251
I certify that: (1) No capital property is included in this waste unless

Begirinig Coordnates I N Wj/ 3 doceumented by a Property Disposal Rquest and described below. (2) To ie
- best of my knowledge, the information entered below is complete and

Encing Corninaes N e W 7f w - aocurate. and the waste package is in compliance with WHC-EP-00f2 and the
Stor;ge/sposal Approval Record (SDAR). (3) Unless designated a

REFERENCES RadIoactive Mixed Waste (RMW), this waste is not a dangerous waste as
delind by Chapter 73-30 WAC or other applicable state or federal rag.$ation

N governing the management of hazardous waste. (4) The charge code is
6. RSR No 17. SOAR No. 87-1C-3J4401 correct.

11 0OE NRC 741 No. N/A 19, POR No, N/A 1& Signaure iA.4 y j Datn 9-23-94

m Wast esgnaton M Category 3 Category 3 0 >Category 3 [ FeW E Classified
21, Point ofOrigin N/A 30, Waste Category 31 Waste Code (Check One)

27 ontaine Type 55 gal drum 23. LxWxH or DxL 24dia x 35'height (C"One) O FW Del E CL O WE
24ContVd.(m") 0.208 25 Tam Weight (kg) 25 13 *Nc 0M 03 0 0A 0IC

26. Dai Paduged 8-26-94 27. Gross WeIght (kg) 115.21. O CE 0 SS O LM C PA

211 Thearri Power H <0.1 W'ft 12 Dose Rate (rnmm/hr) 002 a 1 cm 32 SealNo.

WASTE CONTENTS DESCRIPTION

33. Article Dgscpon 37 Crie J138. WeIt

elumeed 4EsLt (k -nFid ctiaion ( mU Urn______________________________ Vlmei Weight (kgi~d nlyUISo) Landthiuony
10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
metal (cans)
Plastic (bags)

1.00
1.00

37.00
48.00
12.00
1.00

2.00
1.00

3a.21
36.00

12.00
1.00

R-3 19.025 Ci

.TOTALJ 100. DO 90.21 TOTAl 19.025

q

C-25



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2. G/2593) S. PAGE I OF
Slorage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RAT2394
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050or SW-100-1 10. I. WateGenemkr Lawrence Barkeley Laboratory

2a I 7 11. Chlge Code, SO No, or PO No 352 s100

.IUnt i2. WRMNo. 9410-0138

6 StrsgeLocaton(S01) la NemeofContact David Steffen/Suaan Jahanaoaa

ModLo Tier Posion Lawrence Berkeley Laboratory, one14. Address Phone cyclotron Road, Mailatop B753-101,
7. Disposal Lotion BerkeMy Ch 94720 510-4186-5231

I certily that: (1) No capital property Is Included in this waste unless
Begnning C10rdinuha N W documented by a Properly Disposal Rqueal end described below. (2) To the

best of my knowledge, the Information enered below Is complete and
Endng Coordnales N W 7., w accurate. and the waste package Is In oornpliance with WHC-EP-0063 and the

EStouga/Diposat Approval Record (SOAR), (3) Unless designated a
REFERENCES Radioactive Mixed Waste (RMW). this waste Is not a dangerous waste as

detind by Chapter 17-0 WAC or other applicable state or federal regulation
govemring the management of hazardous waste. (4) The charge code is

16. HER No. N/A 17. SDAR No. 4714-&401 correct.

18. DOE NRC 741 No. N/A 19. PDR No N/A 1% Signane Q 4Dafp 9-23-94

20. Was Designaon E Category 1 3 Category 3 D >Category 3 QF MWW O Classified

21. Poiit otOrigin N/A 31. Waste Catagory 31.WastW Code (Check One)
22 Container Type 55 gal drum 2a. LxWxK or DxL 24dla x 35" heght (Check One) 0 FW 03-N CL D M
244 Cont Vol (m) . 25. Tan Might (kg) 25 - O BW 3D IN SL P GL C D TW

. -.. 3 IDS 9 W- El DM 13 SO 0 PB [3 NO26 Oata Packaged 8-26-94 27 GrossWeight (kg) 120,66 [ CE 0 SS OLM DPA
2 Thmani Power * <0.1 WMl 12. Dose Rate (mrent/hr) <* 02 at 1 cm 32. Seal No

WASTE CONTENTS DESCRIP1ION
33, Article Description M E 31, 17. CurLtion j3(T&W9 (g)n3$._Enmaed 4Eat Rado o lfWorAcnvahon TRU,

_____________________________________ . Votume Weight {kg1 rIUClIde 4 dcs only) and Thoriwm only)
I Tn I I nor
Anticorrosion rad pad
Absorbant (Superfine)
Silica qel

Metal (cans)
Plastic (bags)

1.00
1.00

32.00
52.0
13.00

1.00

2,00
1.00

39.66
39.00
13.00

1.00

H-3 15.05

3.T rAL 100.00! 95.66 TOTAf 15.05

Ci

C-26



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6W53) B. PAGE 1 OF 1

Storage/Disposal Inlormation 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent a PIN RTL2494
possible and a cross check of the applicable documentation have
been performed in accordance with SW-00-050 or SW-100-110. 10. Waste Generator Lawrence Berkeley Laboratory

Darn - - 11. ChargeCode,SONo.,orMPONo. 3527800

3. a4 Fall s'&/ -Z S. UnLit 21z WRM No. 9410-0139

6. .SragLocation(So1) 13. NameolContact David Ste ffen/uean Jahanscoz

Module Tier Psitlon Lawrence tlrkeley t.abcratcry, One
-14. Address Phone cyclotron nad, Mailatop 137513-101,

7. DisposalLocaon Berkeley gh 94720 510-486-5251
1 certify that: (1) No capital property is inclUded in tins waste unless

Benning Coo dnabav N W documened by a Property Disposal Rquest and desibd below. (2) To the
Endin C9 beat of my knowledge. Ihe Information entered below IS ConqIete and

Endng Cooidinates N w 2' accurate, and the waste package i in orsrnpbance wit WHC-EP--0O3 and the
Sto'age/Disposal Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactve MIted Waste (RMW). IhIs waste Is not a dangerous wastle as
defind by Chapter 173-30 WAC or other applicable slate or laderal regulation
governing the management of hazardous waste. (4) The charge code is

16. RSR No 17. WAR No. 87-iC4J0401 correct a

18. DOE NRC 741 No. N/A 19, PDR No. N/A 15. SognaBmm Date 923-94

2D. WnW Designlion H Category 1 0 Category 3 0 >Category 3 0 RMW 0 Classifted

-21. oint of Origin N/A 30. Waste Caflgoty 31.Wasta Code (Check One)

22. Containr Type 55 gal drum 23. LxWxH or DxL 24"dia x 35" height (Check One)I to FW E WI- 3 CL 0 wE
24.CntVo.(m3) 02(3 25. Tam Weight (kg) 25 02W D ESL OGL E3 OTW

O3DS E NO 0ru 0A[3SO0 PB [3 N
2.&DabaPackAged 8-26+94 27. Gross Weight(kg) 118.31 OCE O SS 0 LM 3 PA

m. Thernal Power H <0.1 Wit 29. Dose Rate (mremihr)<.02 at 1cm 3. SeelNo.

WASTE CONTENTS DESCRIPTION

Ssimated I Et. Radio KFisonfActivation l(TRU, raruwn,
IVolume j Weigh 1 In dide joducts only) .and Thorium only)
10 mil liner
Ancicorrosion rad pad
Absorbanr. (Superfine)
Silica gel
Metal (cans)

Plastic (bags)

1.00
1.00

37.00
40.00
12.00
1.00

2.00
1.00

41.39
36.00

12.00'
1.00

H-3 13 .095 Ci

,V ToTaI 100.00 93.39j TOTAL1 13.095

C-27



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DJSPOSAL RECORD (REV 2, S/263) & PAGE 1 OF
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package o the extent 9. PIN RTL2594
possible and a cross check of The applicable documentation have
been performed in accordance with SW-100C-50 or SW-100-10. 10. WasteGeneratlr Lawrence Berkeley Laboratory

a. )lgliz -- DOC-- i </9 11. Charge Code, SO No., or MPO No. 35 2 7 8 0 0
3. 4 FI k /i 5. Unit 1 WRMNo. 9410-0140

. Sago(Sol) 13. NameolConiact David Stoffen/Suaan Jahanuaoo

Modhie Tier Posioen 1.Lawrence Berkeley Laboratory, One-odleAd eSs Pne Cy1lotro Road, ithaotop E75-101,
7, Dispoeal Locatn Berkeley CA 94721) 510-496-5251

1 certify that: (1) No capital property ]a Included in this waste unless
Beginring Coodinals N w '2e.- w docurnened by a Property Disposal Rquest and described below. (2) To the

Ending Coias beat of my knowledge. the inlormation entered below Is complete and
Enidng Coordnetos N/ 0 w eccurate. and t washe package Is In compliance with WHC-EP-0063 and the

Stoge/D.h.poaal Approva( Record (SOAR). (3) Unless designated a
REFERENCES Radioactive Mixed Waste (RMW) this waste is not a dangerous waste as

delind by Chapter 173-30 WAC or other applicable state or federal regulation
governing Vhe management of hazardous waste. (4) The charge code is

1& RSR No., 17. SDAR No, 87-C3J-0401 correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A 15. Sigare Date 9-23-94

3.WasioDesignalion Ecategoryl OCategory3 Do-Categorys 3 RMN O Classfied

21. Point of Origi N/A 30 Wase Category 31.Waste Code (Check On)
22. Contaner Type 55 gal drum 21 LxWxH or DxL 24*dia x 35" height (Check One) D FW ] WM 3 CL UW
24. Cont Vol. (m) 02M 2 Tara Weight (kg) 25 . SL 0 G CM 01W

E DS M NC 3 cM n so O PB o Nc
.aceaPackaged B-26-94 27. Gross Weight (kg) 113.40 O CE 0SS ] LM O PA

z5. Thermal Power H <0.1 Wt 12D Dose Rae (mret/itr)<0.02 at I cm 32. Seal No.

WASTE CONTENTS DESCRIPTION

Article Description

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel

Metal Icansi
Plastic (bags)

X 35. j 137 Curies
Estmaisd Est R (Flsion/Activation
Volurne Weight (kg nUcWdke Cip ts ony)

1.00

1.00
37.00

43.00

12.00

1.00

2.00
1.00

36,40
36.00
12.00
1.00

H-3I19.05 Ci

39. ToTALJ 100.00 88.40 TOTAJ 19.05

38. Wer (g)
(TRU, raum.
and Thorium only)

C-28
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/25/93)
t, trEVD WNAT WRmbE DN TICO (PAF )

a PAGElOP I

I certify that a physical inspection of the waste package to the extent

possible and a cross check of the applicable documentatiOn have

been performed in accordance with SW-1 00-050 or SW-1 00-110.

6. StrageLocain (S01)

Module Tier Positon

Z? Disposal LonDion

Beginning Coordnates N W f 3
EndingCoodnales N W 6 w 7. c

REFERENCES

16L RSR NR, 7 o. SDAR No o.

1. &DOE NRIC 741 No. N/A j9. pDR No. N/A

9. PIN RTL2694

10 Waste Generasr Lawrence lier)Celey Laboratory

11. ChergeCod9SONo.,oMPONo. 3527800

iZ WRMtINo, 91004

13. NameofContlact David Stel'fen/Susan Jahansooz

Lawrence Derke iay Laboratory, one
14 Addes Phone cyclotron Road, Mailatop B753-101.

3arkeieyr Cl 94120 510-486-5251

I certify that: (1) No capital property Is Included in this waste unless
documented by a Property Disposal Rquesl and described below. (2) To the
best of my knowledge, the information entered below Is complete and
accurae, and the waste package Is In compliance wilh WHC-EP-0003 and the

Storaige/Dsposa Approval Record (SDAR). (3) Unless designated a

Radioactive Mixed Waste (RMW). this waste Is not a dangerous waste as
delind by Chapter 173-30 WAC or other applicable state or federal regulation

governing the management of hazardous waste. (4) The charge code is

correct.

iS. Signau ej Date 9-23-94

20 Was Designakon M Category 1 Q Category 3 12>Category 3 0 0 Classified

21.pointoforigin NIA 30. Waste Caiegory SiWaste Code (Check One)

- Chock One) (3 FW 13 I U CL 13 M
22. Container Type 55 gal drum_ 2a LxWxH or DxL 24"dia x 35" height c BW DD SL GL M O ECM 0
24, Cont Vol. (m3 ) OMS . Tare Weight (kg) 25 U DS S NC [ DM 0 SO E PB Q NC

. Dale Packaged 6-26-94 27. Gross Weight (kg) 115.21 0 CE 0 SS [3 LM 0 PA

2a Thermal Power H <0.1 W/lt 29. Dose Rate (mranmhr) <a.02 at Iom - 32 SeeiNo.

WASTE CONTENTS DESCRIPTK)N

3. Article Description

10 mil liner

Anticorrosion rad pad

Absorbant (Superfine)
silica gel

Metal (cans)

Plastic tbhags)

34r
Estimated
Volume ti

1.00
1,00

31.00
48.00
12.00
1.00

5.
Es.
Weight (kg

2.00
1.00

38.21
36.00
12.00
1.00

3&. 37. Curies
Rack- (FissionActivation
nudide Products ony)

s-3 19.05 Ci

3 TOTAL. 100 .00 90.21 TOTA'j 19.05

38. Weight g)
(TRU. Uranium,
erd Thodum only)

0

C-29
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGEtDhSPOSAL RECORD (REV 2, 6/253) S. PAGE 1OF 1
Storage/DIsposal information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent g PIN RTL2794
possible and a cross chock of the applicable documentation have
been performed in acordance with SW-1 00-050 or SW-1 00-110. 1S. Waste Generator Lawrence Berkeley Laboratory

2 Data .. 11. Charge Code, SO No., or MPO No. 3527800

S t 4. Facili y & Unit 12. WRM No. 9410-0142

Stalge Local-n ($01) 13. Nameo(Contact David Steffen/Susan Jahanaooz

Module T Position Lawrnc Berkeley Laboratory, One
14. Adchss MOW cyclotron Road, Mailatop u75-101,

7. DisposalSLocaton arkalery C 94720 5l.O-4B6-5251
I certify that: (1) No capital property Is included in this waste unless

Beginning Cocrdnates N . W documented by a Property Dispoeal Rquast and describod below. (2) To the
abet of my knowledge, the Informetion entered below is complete and

Erdng Coornas N W- accurate. and the waste package Is In compliance wth WHC-EP-0063 and the
Slorag.1flaposal Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste (BMW), this waste Is not a dangerous wasta an
delind by Chapter 173-30 WAC or other applcable state or federal regulation
goveming the management of hazardous waste. (4) The charge code Is

16. RSR No. 17. SDAR No. 87-1C4401 correct.

IM DOE NRC 741 No. N/A 19. PDR No. NA 15. Signalu U Date 9-23-94

2a weale ssignstion E Category 1 0 Category 3 >Category 3 [ RM/ 0 Ciassified

21. Pointof Origin N/A 3 West* Category 31.Waste Code (Check One)

. Conlaner Type 55 gal drumn 2. LxWxH or DxL 24dia x 35* height (check OnQ 3 FWN 1 D CL O W
4tContVoL.(m

5 ) 0208 25. Tare Weight (kg) 25 O33 *3 0 0 DP [ 3 3
M DtePadaged 9-26-94 27. Gros Weight (kg) 109.3 O3CE OSS 3 LM O PA

29. Thermal Power * <0.1 Wilt 1D Dose Rate (mremihr) <.D2 at 1 cm 3. Seal No.

WASTE CONTENTS DESCRIPTION

33L Artid Description I4 35. . 37. Curie 38 Weght g)
Estimated IEe 1 RadIo-(FissonActvation (TFIU, Urenlum
Vokime Wight (kg nucide IPd oniy) and Thorium ony)

10 mil liner

Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

1,.0
1.00

37.00
49.00
12.00

1.00

2.00

1.00
32.32
36.00

12.00
1.00

H-3 19.03 Ci

Q ToTAL :00.00 84.32 TOTAI 19.03

g

C-30



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DiSPOSAL RECORD (REV 2, 6/25d93) B. PAGE 1 OF 1

Storage/Disposal Informatlon i SWSDR No. (DO NOT WRITE IN THIS SPACE)

I cortily that a physical inspection of the waste package to the extent Ol PIN RTL2994
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-IOO-110. 10. Waste Generator 'Lawrence Berkeley Labor at ory

2. Sig Dale 11 Charge Code, SO No., orMPO No. 3527800

- 4. F -& Unit 12 WRM No. 9410-0143

6. StrageLoctIon(S01) 13 NameofCntact David Steffen/Susa Jahansooz

Module Ter Po Lawrence aeei-r IyLaboratory, one
14 AddCs Phone Cyclotron Road, Kallatop 8752-10.,

7. DisposaLocaton Berkeley C 34720 50-86--251
I cettlfy that: (1) No capital property is Included in this waste unless

BginningCoordnateN W / 3 documented by a Prope"y Disposal Rquest and described below. (2) To the
b 'est of rmy knowledge, the inlormateion entered below is complete and

Endng Coornals N ( w accurate, and the waste package Is in ompllance with WHC-E P-0063 and the
"-< SltoregwDisposel Apprgval Record 4SDAR). J3) Unless designated a

REFERENCES RadioactIve Mixed Waste (AMWj. this waste is not a dangerous waste as
defind by Chapter 173-30 WAC or other applicable state or federal regulation
governing the management of hazardous waste. (4) The charge code is

16 RSR No 17. SDAR No. 87-IC-S401 correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A 15. Signeat L,4{ Date 9-23-94

2 Waste Designatin Z Category 1 0 Category 3 0 >Category 3 0 RMW 0 Classified

21 Point of Ogin N/A 30. Wesle Category 31 Waste Code (Check One)

22. Contlainer Type 55 gal drum 2. LxWxH or DxL 24"dia x 35" height (Chwk One) Q FW D13l I CL OW
24. ConL Vol. (mn) 0206 25. Tare Weight (kg) 25 06W 03 ESL [GL O I 0W[I__ _ DS *H NC [3DM O3SO DPB [3C
2s. Date Packaged 8-25-94 27, Gross Weight (kg) 113.40 O CE 0 SS LM O PA

29. Therma! Power <0.1 W/t 29. Dose Rate (mrein/r) .O2 of Icrn 32 Seel No.

WASTE CONTENTS DESCRIPTON

3 Artidle Description 34. 35. M 37. Curies 38. Weight g)
Esimated Est Radio-. ission/Activation (TRU, Urantum,
Voume Weight (kg nuclilo Products ony) Iand Thorium oNey)

10 mil liner
Anticorrosion rad pad
Absorbant (superfine)
Silica gel
Metal (cans)
Plastic ibags)

1.00
1.00

37.00

48.00
12.00
1.00

2.00
1.00

36.40
36.00

2..00
1.00

H-1 19.04 0j

s TOTAL{ 100.00 ao. 40 TOTA 19.04

C-31



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/25/93) 8. PAGE 1 OF 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspeclion of the waste package to the extent 9 PIN RTL2994
possible and a cross check of the applictble documentation have
been performed in accordance with SW-100-VOSorSW-100-110. 10. WasteGenerator Lawrence Berkeley Laboratory

2 Si@ 0 Dats! -- y W 11. OhargCcdeSOtN..orMPONo. 3527800

45- Unit 12. WAM No. 9410-014 4

& StorageLocation(S01) 13. NameofContact David stoffen/gusan Jahansoaz
le Tier Position Lawrence Berkeley Laboratory, One

u14. Addr Ph cyclotron Road, Kailutop 3758-101,

7. Disposa stion Berkeley CA 9720 510-436-5251
I certfy that; (1) No capital property is Included in this waste unless

docNrumented by a Property Disposal Rquest ard described below. (2) To the
Beginning CoordnatesN 5,Wb7/ est ol omy knowledge, the Information enisred below is complete and

Eding C ordInates N W accurate, and the waste package Is in cormpliance with WH-i-EP-D003 and the
_Soregoe/Olposat Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactive Mxetd Waste (RMW1 this waste is not a dangerous waste as
defind by Chapter 173-30 WAC or other applicable state or tederal regulation

I governing the management of hazardous waste. (4) The charge code is

IM RSR No. 17. SDAR No. 97-C-&i-O4O1 correct. -

18. DOE NRC 741 No. N/A 19. PDR No. N/A 15. SiU Date 9-23-94

2. Waste Desigation M Category 1 0 Category 3 0 >Category 3 E lMW 0 Classified

21. Point of Origin N/A MI. Waste Category 31.Waste Code (Check One)

22. Contner Type 55 gal drum 23, LxWxH or DxL 24"dia x 35" height (Chck One). or FW 0 o-uM CIL o wfa BWD D ei OLDGL 0 CM 01"W
24. Cont Vol. (nn) 0.28 25. Tare Weight (kg) 25 - Ds *W NC 0 M19 0 D PB I 0 M
26. Date Packaged 6-25-94 27. Gross Weight (kg) 126.10 Q CE 3 SS E LM E PA

2B. Thermal Power H <0.1 W/ t i 29 Dose Rate (mromehr) <D.02 e 1 cm 32. Seal No.

WASTE CONTENTS DESCRIPTION
- 34. _________ .t 14 ~ 37. C ies 38. Weinht (g)

33. Article Description E Est FadlO (F in/ActivatIon (TRU, Uraniu,
__Volumne '4W!ghPI (k !d Products ony and T oUtn oy

10 mil liner
Anticorrosion rad pad
Absorbant (superfine)

Silica gel
Metal (cans)
Plastic (bags)

1.00

1,00
37.00

49.00

12.00

1.00

2.00

1.00
q9310
16.00
12.00

1.00

H-31 3.145 Ci

39.TOTAL 100.00 11.10 TOTA 3.145

9
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DOE/RL-2014-43, REV. 0

LOW-LEVELWASTE STORAGE/DISPOSAt. RECORD (REV2, W2593) 8. PAGE 1OF

StoragWDisposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent % PIN RTL3194
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050orSW-100-110. 10. Waste Genersaw Lawrenee Berkeley Laboraetory

2 - rCIDs. - 11. Charge Code, SO No., or MPO No. 392780

a 4F * Unit 12. WRMNo. 9410-0146

SStorageLocaion($01) 1& NameofContect David steffen/susan Jahmnsooa

Moddle Ti1or POO "wren** Barkale LaboraterT, 000
14. Address Ptne cyclotron aced, maiatop 3753-Lo1,

7. Disposal Location berklo CA 94720 510-486-5251
I certIfy that: (1) No capital property Is Included In this waste unless

Begnning Coordinales N W documented by a Property Disposal FAquest and descrbed below. (2) To Ire
beat of my knowledge. the Informalkin entered below is complete and

Erdng Coorninates N W6 W 7 accursie, and the waste package Is In corpliano with WHO-EP-OISS and the
St.orage/Dspoaal Approval Record (SOAR). (3) Unless designated a

REFERENCES Radioactive MIxed Waste 1RMW), this waste Is not a dangerous waste as
defind by Chapter 173-30 WAC or other ppilcable state or federal regulaIlor
governng the management of hazardous wasts. (4) The charge code is

I& ASA No,.7 SDAR No. I71. 41cret

18 DOE NRC 741 No. N/A 19L PDR No. N/A Ir SI7rtJr Date 9-234

20. WaseDqsignafton H Category 1 0 Category 3 0 >Categovy 3 0 FNW E Classified

21. Point of Origin N/A 30 Wasta Categorg 31.Waste Code (Check One)

2? ContainerType 55 gal drm 2l LxWxHorDxL 24"dia x 35" height (hec One [ FW [Iv [I CL Q3W
___ ___ ___ ___ ___ __ ___ ___ ___ ___ _ 08W 03DD~ JSL OUL D3,vi 01WV24.Cont.VoI.m) Q2W 25, Tare Weight (kg) 25 03 DS N3M USO OPB [1C

aDate Pacaged 8-25-94 27 Gnos-Weight (kg) 114.76 OCE OSS QLM O PA

2 Thenral Power * <.1 W/lt 29. Dose Rate (mrern/hr) 0.02 at 1 c . Seal No.

WASTE CONTENTS DESCRIPTiON

Article Descrption . 35. 3& 37. Creas 3 Wew (g)
hEtimated Et Rkg Fion/Acbaton (TRU, Uranium

jvolurne 9$Weight (kgq fluddejPmdikb onl) Iand Thonum only)
10 mil liner
Anticorrosion rad pad

Absorbant (Superfine)
Silica gel
Metal lcans!
Plastic (bags)

1.00

1 00
67.00
48.00

12.00
1,00

2-00
1.00

37.76
36.00
12.00

1.00

1- *19 C

ToTAL 1-30.00 1 9.761 TOTA 19.025

C-33



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2,6/25MG) . PAGE 1 OF 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTL3294
possible and a cross check of the applicable docurnentation have
been performed in accordance with SW-O10-50 or SW-100-110. 10. Wasle Generator Lawrence Barke lay Laboratory

2 Sai k Dao 11. Charge Code,SONo.,orMPO No. 3527800

. 4.r i F t t 1_ 5. Urt Ik WRMNo. 9410-0147

6. StorageLoca11(S01) 13. NameolConact David Steffen'/suean Jahansoor

Module [ier P4Lawrenoe Berkeley Laboratory, One
T14. AdessPhone Cyclotron Road, Wailatop B753-101,

7. Dioosal Location BerkeleT C& 94720 510-486-5251
I certify that: (1) No capital property is included in this waste unfess

Beginring coordinabas N W doctmened by a Property Olsposal Rquest and described below. (2) Tot
./ 4 best of my knowledge, the information entered below Is complete and

accurate, and the waste package is in complance with MC-EP-O083 end theEndling Coordinates NW ,6 6 W & 5C2 Storga/Dlsposal Approval Record (SDAR). (3) Unless designated a
REFERENCES Radioacdve Mixed Waste (RMW). this waste is not a dangerous waste as

delind by Chapter 173.30 WAC or other applicable state or federal regulation
__governing the management ol hazardous waste. (4) The charte code is

1a ASR No. 3 1. SDAR No. S7iC-4a correct.

18. DOE NRC 741 No. WA 19. PDR No. N/A 15 Signare Data 9-23-94

2M. Waste Designation U Category 1 0 Category 3 [ >Category 3 0 FM 0 Classified

21, Point of Origin N/A 30. Waste Category 31.Waste Code (Check Cne)

22. Container Type 55 gal drum 23. LxWxHorDxL 24diax3l"hoght lh One) D FW DHMl OCL OWE
24. aCnt Vol (m') 0.2M 25. Tare Weight (kg) 25 O3 ODD USL 3GL 0CM OTW

26. Da8 Packaged B-25-94 27. Gross Weight (kg) 121.11 D CE 03 SS DIM U] PA

29. Thermal Power * <0.1 Wft 29. Dose Rate (mrem/hr)4.02 at 1 cm 32. Seal No.

WASTE CONTENTS DESCRIPTION

33 Article Description '6d 1a lt iho- Atllo a
LVome Wghtj (klenuclid P r ) d Thorium ony)

10 mil liner
Anticorrosion red pad
Absorbant ISuperfine)
Silica gel
Metal (cans).
Plastic (bags)

1.00
1.00

37.00

48.00

12.00
1.00

2.00
1 00

44.11

36.00
12.00

1.0a-

H-3 15.03015 9

R TTAL 100.00 96.11 TOTA} 15.03015

C-34



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/2f ) 8, PAGE 1 OF J

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical Inspection of the waste package to the extent 9. PIN RTL 304
possible and a cross check of the applicable documentation have
been performed in accordanca with SW-100-050 or SW-10D-1 10. 10. Waste Generaor Lawrence Nerkeley Laboratory

2_ r e - 11. Charge Code, SO N6., or MPO No. 3 5 2 7 8 0 0

4 y-. 5. Unit 12. WRM No. 9410-0148

& Sbrega Location (901) 13. Nameof Contc David Steffen/susan Jahansooz

Made Tir 1ts4on Lawrenca berkeley Laboratory, One
14. Addftw Phone CycLotron load, Mailatop 3751-101,

7. Disposal Localon Berkeley Ca 94720 510-486-5251
1 certify that: (1) No capita property is included in this waste unless

Aeginng Coordinates N W docurmented by a Ptoperty Disposal Rquest and described below. (2) to the
Sbeat of my knowledge. the Inlwmatlon entered below Is comptele and

Endng Coardnabs N w acurete., and the waste package Is In complance wth WC-EP-0063 and the
Storegelsposal Approval Record (SOAR), (3) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW). thi wats is not a dangerous waste as
defind by Chapter 173-30 WAC or other applicable stoue or federal reguladon
governing the management of haiardous waste, (4) The charge code Is

1$. RSR No. 17. SDAR No. correct.

11 DOE NRC 741 No. N/A 19. PDR No. N/A 1. Signa Qa's 9-23-94

2.Wasiesignaton Category 1 0 Category 3 0 >Category 3 0 1FlW 0 Classified

21. Point of Orgin N/A 30. Waste Category 31 Waste Code (Check One)

2. Conriner Type 55 gal drum 23. LxWxH or DxL 24dla x 3r' height (Chock One) [ FW 0 HI 1 CL Q c
2. Cont. Vd. (m) N 2. Tam Weight (kg) 25 BW D HSL 3GL 3CM 1W- 130DS ENC ON 0ME3SO0 LPS ONC
2s Date Packaged B-26-94 27. Gross Weight (kg) 124.28 0 CE I SS o LM PA

21 Thermal Power i <0.1 W/ft 2D. Dose Rate (mrrm/hr)<0,02 at I or 32. Seal No.

WASTE CONTENTS DESCRIPTION

Article Description

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)

Silica gel
Metal (cans)
Plastic (bags)

34. 35 3 37. Cuiaes
Esimated I Est Rad (FIssion/Activation
Volume Weight (ka nuclie producs only)

1.00
1.0

31.00
48.00
12.00
1.00

2.00

1.00
47.28
36.00
12.00
1.00

H-3 34.05 Ci

38. Weight (g)
(TRU. Uranium,
and Thorium only)

3. ToTAL 100.00 99.28 TOTA4 14.05

C-35



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DiSPOSAL RECORD (REV 2. 625t93) S PAGE 1 OF L
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTLS594
possible and a cross check of the applicable documentation have
been performed In accordance with SW-100-050 or SW-100-110. 11. Waste Generalr Lawrenom Barkeley Laboratory

2 S A -' Date 11. Charge Code. SO No., or MPO No. 3 5 2 7 8 0 0
a L. 4 y O 5 Unit. 12. WRMNo. 9410-0150

Slrage Locao (Sol) a13. NamoofContact David Steffan/Susan Jahaneoor
ModuL TiEr Position 1 Lawrence BarkelIy Laboratory, One

14 Adress n cyolotron Road, tailatop 3753-101,
7. Disposal Location Berkeley Q 94720 510-456-5251

I cery that: (1) No capital property Is included in ths waste unless
Berning Coordnats N C documented by a Property Disposal Rquest and described below. (2) To thew best of my knowledge, the information entered below is complete and
EndV Cosdrnales N w accurate, and te waste pactae Is in compilance with WHC-EP-0063 and the

.torag.r/posl Approval Record (SDARh. (3) Unless designated a
REFERENCES Radioactive MIxed Waste (RMIW), this waste Is not a dangerous waste as

deind by Chapter 173-30 WAC or other applicable slate or federal regulation
governing the management of hazardous waste. (4) The charge code is

&. RSF1 No 17 SDAR No. *7-C4-O401 correct.

i. DOE NRC 741 No N/A 19. PDR No. N/A 1. Sgnature Q Dae 9-23-94

m. Waste Designafmn M Category 1 0 Category 3 0 >Category 3 E IRM Classified
21, Point of Origin N/A 30. Waste Category 31.Waste Code (Chod One)
22 Cner Type 55 gal drum 23. LxWxHorDxL 24"dlax3V heght (Check One D FW 3 FU 0 CL Q ME
24. Cont Vol (ml') 1.20 2 Tre Weight (kg) 25 uos SL [3 GL ["3 W [3C

-C3 DS 8 NO C1 [V C3 SO 3 P8 13 NC26. Date Pacaged 8-26-94 27. Gross Weight (kg) 11831 -3 CE 0 SS 3 LM O PA -
2 Thermal Power *<. Wft 12. Dose Rate (mrorm/hr) 0.02 at 1 cm 3Z Seal No

WASTE CONTENTS DESCRIPTION

Artide Desulpalon

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

+

34. 137. Curies
Estimated Eat. Rado- ItFission/Activation
Vokum 'Weight (kg ncilde irducts only)

1.00
1.00

42.00
44.00
11.00
1.00

2.00
1.00

45.39
33.00
11.00
1.00

1I-3 19.03

J ToTL. 100.00 93.39 1TOTA1 19.03

C-36
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGEDISPOSAL RECORD (REV 2.6/2593) 8. PAGE I OF L
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical Inspection of the waste package to the extent 0. PIN RTL3694
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050orSW-100-110. 1. WasteGenrator Lawrence Berkeley Laboratory

Da 6 9 111. Charge Code, SO No., or MPO No. 3 5 27 8 0 0

. 49 t.4 5. link 1.tU WRMNo 9410-0151

&M SgLocalion (S01) 13. NameafContct David Steffen/Sunan ahanaoxZ

M e Tier Position Lawrence Berkeley Laboratory, One
14. Addrau Phone Cyclotron Road, Malltop b759-101,

7 Disposall ocaion Serkeley Ck P4720 510-486-5251
B certify that (1) No capital property Is included In this waste unless

Begnnng Coodnams N # W documented by a Property Disposal Rquest and described below. (2) To the
beet of my knowledge, the information entered below is complete and

Endng Coordnaes N .W _7A w 9 accurate, and the waste package Is in compliance with WHC-EP-0063 and the
t/oragsispoaal Approval Record (SOAR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW). this waste Is not a dangerous waste as
defind by Chapter 173-30 WAC or other applicable state or tedera reguladon
governing the management of hazardous *sae. (4) The charge code ia

t6 RSR No. 17. SDAR No, B7.IC-8J-401 correct.

18. DOE NRC 741 No. N/A 19. POR No, N/A 15. SignatrtI Dale 9-23-94

lWa. Deergnaslon H Category 1 0 Category 3 0 >Category 3 0 FwW [ Classified

21.Pointofrlgin N/A 3 Waste Category 31.WasteCode (Check One)

22. Contarner Type 55 gl drum 23. LxWxH or DxL 24"dia x 35" height (Check One) 3 FW E1-3M 3 CL O WVE

24. Cont. Vol. (m3) 02M 25. Tare Weigt (kg) 25 B W 0 SP G

2s. Date Packaoed 8-26-94 27. Gross Weight (kg) 108.41 O CE E SS Q LM O PA

28. Thermal Power U <0.1 Wift I2. Dose Raes mre/hr) <002 at 1 cm 32 Seal No.

WASTE CONTENTS DESCRIPTION

AMAcl Description

10 mil liner
. Anticorrosion rad pad

Absorbant (Superfine)

Silica gel
etal (cans)

Plastic (bags)

Estimated Est Rdi- . FssroActivarn
Volurme Weight (kg) nudide Piducts onlv)t

1.00
1.00

37.00
4B.00
12.00
1,00

2.00
1.00

31.41
3G.00

12.00
1.00

and Thorium cnlvl
t , -I. --H-3 19.05 c g

9T.TM. 100.00 83.41 TOTA 19.05

C-37



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2. 6/2593) 8. PAGE 1 C 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certily that a physical inspection of the waste package to the extent 9. PIN RTL3794
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-100-11D. 10. Walst Generamor Lawrence Berkeley Laboratory

2 D 9~- j,-gy 11. ChageCodeSONo.,or MPONo. 3527800

'., 4 F 5 U 12. WRMNo. 9410-0152

6. StorageLocation(SOl) 1& NiieoCon1aot David Steffen/suaan Jahansoor

Lawrence Berkeley Laboratory, One
14 AddarmPhone Cyclotron Road, Mailatop U751-101,

7. D~w o ~to. Berkeley cA 94720 510-486-5251
I certify that: 41) No capital property Is Included In this waste unless

Beglnnwng Cocrdlinats N 96 0 W ' documented by a Property Disposal Rquest and described below. (2) To the
best of my knowledge, the Informatlon entered below Is compete and

Endrg Coordnals N 66& w accurata, and the waste package Is in compliance with WHC-EP-063 and te
StorageDisposal Approval Record (SOAR). (3) Unless designated a
Radioactive Mxed Waste (RMW. this waste is not a dangerous waste as

R defind by Chapter 173-30 WAC or other appkoable state or federa regulatIon
- __goveming the management of hazardous waste. (4) The charge code is

1a RSR No 17. SDAR No. 97-1C-340401 correct.
- -- _jTV .. .1

IS. DOE NRC 741 No. N/A 19. POR No. N/A II Signatutw Date 9-23-94

. Wase Designation a Category 1 0 Category 3 3 >Category 3 [ RAW 0 Classified

21. Point ofOrigin N/A 30. Waste Category 31.Waste Code {Check One)

22. Cotainer Type SS gal dum 23. LxWxH - xL 24"dia x 35" height (Cherk One) 1 FW O3I M CL [3W
13 BW 13 DD SIL [3 GIL 0 CM [3 1W24. Cont Vol (W) ,20 25- T- Weight (kg) 25 3 WDS D Nc 13 0 SO PB I NC

2s. a*a Packaged 8-26-94 27. Gross Weight (kg) 113.t D CE O5 13 LM O PA
2B, Thennal Power H <0.1 W/ft . Dose Pam (mrmhr) .c.02 as 1 cm 32. Seal No.

WASTE CONTENTS DESCRIPTION

Atd 34. 35 I36 [r. Curies 91 eih
Etinated t I 3 .ss Ation TU ,an m,
Voltumn Weight (kgI nuclide Ilducts ony) andThoiumonly)

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

1.00
1.00

42.00

44.00

11.00
I 00

2.00
1.00

40.40

33.00

11.00

1.00

H-3119.03 Cl

31 ToTAL 100.001 88.401 TOTAIT 19.03

C-38
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2,6/25M) 8. PAGE 1 OF 1
Storage/Disposal information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent g. PIN RTLhB94
possible and a cross check of the applicable documentation have
been performed in accordance with SW-1 00-050 or SW-1 00-110. 10. Waste Generator Lawrence Berkeley Laboratory

2 O- -Dt2 11. Charge Cds. SO No., or MPO No. 3 5 2 7 8 0 0

.S 4FA 4 S Unit 12 WRMNo. 9410-0153

6. StrageLocatiaSn(S1) 13. NameotCaitacm David Steffen/Susan Jabansooz

Lawrence Berkeley Laboratory, OnE
Modul3 Tier P : w 14. Addess Phone cyclotron Road, Mailatop B7511-101,
7. soI~sa uocaton Berkeley CA 94720 510-486-5251

I oenify that: I1) No capital property Is included in tile waste unless
documented by a Property Disposal Rquest and described below. (2) To the

BeginningCoordnaes N W best of my knowledge, the Informatlon entered below is complete and

Enring Coordntas N w ~ y/accurate, and the waste package Is In compliance with WHC-EP-0S and the
S -. toragelDlepoaal Approval Record (SDAR). l31 Unless designated a

REFERENCES Radioactive Mixed Waste (RMW), this waste is not a dangerous waste as
defind by Chapter 173-SO WAC or other applicable stats or federal regulation
governing the management of hasardous waste. (4) The charge code Is

Is. RSR N, 17. SDAR No. 87-IC.3J-0401 correct.

I. DOE NRC 741 No. N/A 19. PDR No. N/A 15 Signamt Dabg 9-23-94

M Waste Dqsignin N Category 1 3 Category 3 0 >Category 3 [ FMW [ Classified

21.PointofOrigir N/A 30. Waste Category 31.Waste Code (Check One)

2ZContiner Type 55 gal drum 23. LxWxHorDxL 24"dia x 35"height (Check One) D FW [HM 3 CL OWE
D BW 0 DD L G CM W

24 Cont Vol. (ml) 020 25. Tare Weight (kg) 25 08 0SL OG GM L1CNB [I N
O3 DS E NC: 0 DM [ISO [IPB [3INC

2 Date Pakaged 8-26-94 27. GrossWeight (kg) 117,93 O CE 3 SS LM C PA

all Theisi Power <0.1 WAt 29. Dose Rate (mrenVhr) <0.02 at t m 32. Seal No.

WASTE CONTENTS DESCRIPTION
[X 35 11 37. Curies [3s, V0e-gt (g)

33. ArIe Desription Etimaed t. Redo- rFissNVActivafion (TRU. ranium,
Volume Weight (kg nrctIde roducts 2ny and Thorium only)

10 mil liner
Articorrosion rad pad
Absorbant (Superfine)

Silica gel
Metal (cans)
Plastic (bags)

1.00
1.00

37.00
48.00
12.00
1.00

2.00
1.00

40.93
36.00
12.00
1.00

19.025 ci

39.TOTAL 100.00j 92.931 TOTA4 19.025

C-39



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2. 8/2&9) & PAGE 1 OF I
Storage/Disposal Inforrnation 1, SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9L PIN RTL3994
possible and a cross check of the applicable documentation have
been performed in acccrdance with SW-100-050 or SW-100-1 10. 10. Waste Generaor Lawrence Berkeley Laboratory

a. s9 5/e Cf it Charge Code. SO No., r MPO No 3 5 2 7 8 D 0

4. Fa /5& / 5. Unit 12. WRMNo. 9410-0154

& Strage Locaion (SD1) 1 NameofGonot David Steffan/Susan Jahansoog

Modue Tier Posiion 4Lawrenoo Berkeley Laboratory, One
14. Addrm Phone Cyclotron Road, Mailstop 3753-101,

7. DiLpoicaton Berwy CA 94720 510-4a6-5251
I certify that: (1) No capital property is Included In this waste unless

BeginnigtCoordnatea N 6? W documented by a Property Dispos Rquest and described below. (2) To the
- o at al my knowledge, the intromaion entered below Is complete and

Endng Coordnals N W accurate, and the waste package Is in compliance whith WHC-EP-o063 and the
Storage/Disposa Approval Record (SDAR). (3) Unless designated a

REFERENCES Radloactive Mixed Waste (RMWI. this waste is not a dangerous waste as
delind by Chapter 173-30 WAC or other applicable state or lederal regulation

.. _govemIng the management of hazardous waste. (4} The charge code [a
16. RSR No. 17. SDAR No. 67-1C-3J-0401 Coirat'

1& DOE NRC 741 No. N/A 19. PDR No. WA 15. SignaJu r a4  f/ Dole 9-23-94

2zWoaste cesignaon H Category 1 O3Category 3 [>Category 3 [3 RMF Classified

21. Point of Origin N/A 30. Was* Categor 31.Waste Code (Check One)
22 Cortiner Type 55 gal drun 23. LxWxH or DxL 24"dia x: 5* height (Check One) IEFW 1 HM [3 CL l V
24. Coot Vol. () 0.-8M 25 Tare Weight (kg) 25 Q M SL E GL 0 CM 0 W

[IDS H No 13 DM 13 SO 13 P8 13 NC
2. Dais Pa:kaged 8-26-94 27 Gross Weight (kg) 121.5O [ CE 0 SS [o LM O PA
M Thernal Power 1 <0,1 Wlt 29. Dose Rate (mrem/thr) <0.02 at I cm 3?- Sea No.

WASTE CONTENTS DESCRIPTION
33. Ar[cle Des3pJion 137. Curias 38. W it)

Esimaled Est. Radio- (Fssion/Aclivation (THU. luM
Vr Velght ( kie Products onl and Thod n

10 mil liner
Anticorrosion rad pad
Absorbant (superfine)
Silica gel
Metal (cans)
Plastic Ibags)

1.00
1.00

32.00
52.00
13.00

1.00

2.00
1.00

40.56
39.00
13.00
1.00

H-319.06 cl

39. TOTM 100.00 96.561 TOTAj 19.06

C-40



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/253) & PAGE 1 CF 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTL4094
possible and a cross check of the applicable documentation have
been performed in accordance with SW-1 00-050 or SW-1 00-110. 10. Waste Generator Lawrence Berkeley Laboratory

2 Dt= 11. ChargeCode,SONo.,orMPONo. 352 7800

3. 4._Fo* V . 5. Unit_ _ 12. WRM No. 9410-0155

& SltrageLocalon(SOI} 13. NameotConteot David steffen/suan Jahanaooz

Module Tier P o -- Lawrenoe Berkeley Laboratory, One
ICT Addrs Phone cyclotron Road, Kailatop isa-101,

Dis Locatn Berkeley CA 9470 510-464-5251
I certify that: (1) No capital property is Included in tis waste unless

Baoning Coordnates N W docLmented by a Property Disposal Rquest and descibed below. (2) To the
be:st of my knowledge, the Information entered below is complete and

Endng Coordnabls N W 4/6fll accurate. and the waste package is in complianee with WHC-EP-COS and the
Storage(Disposal Approval Record (SDAR). (3) Unless deasgnated a

REFERENCES Rediberfilv Med Waste (RUW). this waste is not a dangerous waste as
defind by Chapter 173-30 WAC or other applicable state or faderal regulation
governing the management of hazardous waste. (4) The charge code is

I& RSR No. N/A 17. SDAR No. 87-1C40401 correct.

1&, DOE NRC 741 No. N/A 19. POR No. N/A 15. Signature g Date 9-23-94

2D. Waste Designation 8 Category 1 0 Category 3 0 >Category 3 0 FIW 0 Classified

21. PointofOigi N/A 30. Waste Calagcry 31.Wasta Code (Check One)

22. Conteiner Type 55 gai drum 23. LxWxH or DxL 24*dia x 35height (CheckOne) OFW 04l- O-CL O3V
.2& Cont Vol (m} 0.200 25, Tare Weight Ik9) 25 003 D E N M M 0 O3 P 3 M

28. Date Padkaged 8-26-94 27 Gross Weight (kg) 120.20' OCE 0 SS O LM 3 PA
2a. Thermal Power <0.1 W/lt 29. Dose Rate (mrenvbr) <0.02 at 1cm . Sea No.

WASTE CONTENTS DESCRIPTON

3& Article Description Rdo- 3 Cura 3 .e 9)Eslirnated I Et k = did on ) (TRI rarum rn
fVolume Weolrt (4 naudki 2±)Jbit~ and Tihorium ;o#)

10 mil liner
Anticorrosion rad pad

Absorbant (Suparfine)

silica gel
Metal (cans)
Plastic (bagsn

1.00
1.00

29.50
54.00
13.50

1.00

2.00
1.00

37.20

40.50
13.50

1.00

R-31 19.04 cl

9. TOTAL 100.00 95.20 TOTAq 19.04

C-41
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 62593) 6. PAGE 1 OF L
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTIA194
possible and a cross check of the applicable documentation have
been pertormed in accordance with SW-100-050 or SW-10-110. 10. Wateoeneatr Lawrence Berkeley Laboratory

2. D- .. 11. ChergpCode,SONo.,OrMPONo. 352700

4, F&tf. nit 7P 12. WRMNo. 9410-013 6

Slmgel-boa(S0I) 13. Nameofonact David Staffon/Sugan Jahansoor

MOd ITIer Position Lawrence Drkeley Lboratory, One
14. Ad&eaa Phone cyclotron Road, Mailutop 875B-101,

7. Dip Locaion Berkele CA 9420 10-46-521
LI coory thac (1) Nc capital property is Inclued in this waste unless

Beng Cocrdnas N A wWdocumented by a Property Disposal Rquest and descried below. (2) To the
bat ot my knowledge, the intormation entered below is complete and

Encdng Cocidnames N L/ C) w ~ acoraie, and he waste package Is in complance with WHC-EP-00sS and tme0 w R 79 Straeisposal Approval Record (SDAR). (a) Unless designated a
REFERENCES Radioactive Mxed Waste IRMW), this waste is not a dangerous waste as

defind by Chapter 173-30 WAC or other applicable slate or federal regulaton
governing the management of hazardous waste. (4) The charge code is

16. RSR No. 17 SDAR No. 87-1C-3M-01 correct.

15. DOE NF 741 No_ N/A 19, PDR No. N/A 16. Signtaiz Dab 9-23-94

i WasoDesignation H Category 1 0 Category 3 0>Category 3 0 RMW 0 Classified
21. PoMtOIOdgirn N/A 30. Waste Catagory 31.Waste Code (Check One)

22 Container Type 55. gal drum 21 LxWxHorDxL 24"diax35" height (Chek One) U FW 3 HM U CL [ K
24Cont.VoL(m') 02 25. Tare Weight (kg) 25 BW 3 DD H SL D GL CM 0 7IW13 Ds 0 W, c3 Dm E3 so [3 iPB [ No
2 De Packaged 6-26-94 27. Gross Weight (kg) 111.5. O CE 0 'sDLM OPA
M Thermal Power ec0.1 Wit 29. Dose Rate (mrerm/hr) <0,02 at 1cm jM. Seal No-

WASTE CONTENTS DESCRIPTION

33. Artile Description 7. Curies t w g)
Estimated Et Ra 'Fission/Activation ( ranium,
Volume jWeight (kg nucLide roducts okLy onndThwdu oly)

10 i- lner
Anticorrosion rad pad
Absorbant (Supertine)
Silica gel

Metal (cans)
Plastic (bags)

1.00
1.00

37,00
48.00
12.00

1.00

2.00
1.00

34.58
36.00
12.00
1.00

4-3 19.025 Ci

-t +-I. I
39. TOTAL 100,00 86.58 TOTAI 19.025

9

C-42
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGFJDISPOSAL RECORD (REV 2, 6/2593) 8. PAGE 1 OF I
Storage/Disposai Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent g pIN RTL4294
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-100-110. 10. Waste Generator Lawrence Rarkeley Labo rat ory

. SignlreAcceptaj Dat 3/ -e 7- -/ 11. ChargeCod,SONo.,orMPONo. 3527800

&AreaZA94v 4 Facil r-y2/ -. Unit T K 12 WRMNo. 9410-0157

6. SoageLocation(SO1) 13. NaiOOfCOnWCt David Steffen/Susan Jahansooz
M e Tr PLawrence Berkeley Laboratory, One
14 Address cyclotron Road, Kailatop 3753-101,

7. Disposal Location Barkeley c 94720 510-4*6-5251
I certify that: (1) No capital property Is Included in this waste unless

Degh Coodinales N c w 74? 09 ' o1/documented by a Properly Diaposal Rquest and described below. 12) To he
bost of my knowiedge. the Information entered below is compieta and

Endrg Coordinaes N 16 06 W 76 ?/ 3 accurate, and the waste package Is In compliance with WHC-EP-OCOS and the
Storage/ispoaal Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactiva Mixed Waste (RMW), this waste is not a dangerous waste as
dolind by Chapter 173-30 WAC or other applicable slate or federal regulation
0ovenIng Ine management of hazardous waste. (4) The charge code Is

I& RSR No. N/A 13 9 3 17. SOAR No, 87-IC-3J-0401 correct.

1. DOE NRC 741 No. N/A 19. PDR No. N/A 1I Signatur Date 9-23-94

a Wi Designation H Category 1 0 Category 3 0 >Category 3 [ RMW 0 Classified

21. Point of Origin N/A 30. Waste Category 31.Waste Codo (Check One)

2z cotainer Type 55 gal drum 23 LxWxH or DxL 24"dia x 35" heht (Check One) O FW 3 N D CL 13W
D BW O DD ,s O GIL CM 3 TW24. Cont. Vd.t) 02S 25. Tam Weight (kg) 25 oDs E N O 3 DM SO o PB o Nc

SDate Padcaged 8-26-94 27. Gross Weight (kg) 112.49 O CE OSS O LM 3 PA

a Thermal Power <0.1 W/lt 129 Dose Rate (mrom/hr) <0.02 at 1cm M. SeOl No

WASTE CONTENTS DESCRIPTION

33. Article Descriplion 1 k-Wa h
Estimated (Ekt Iado- FisionyA b TU num,

_______________________ I_ Volumfe Sljaoght ftg 1 14WC 0 only 'd~ y -

10 mil liner
Anticorrosion rad pad

Absorbant (Superfl.ne)
Silica gel
Metal (cans)
Plastic (bags)

1.00
1,00

37.00
48.00
12.00

1.00

2.00

1.00
35.49

36.00

12.00

1.00

M-1 19.025

39. TOTAL 100. 00 87. 49 TOTA 19.025

C-43



DOE/RL-2014-43, REV. 0

(2t
LOW-LEVEL WASTE STORAGE/oispoSAL~ nECn 3in

Storage/Disposal Information
I certify that a physical inspection of the waste package to the extent
possible and a cross check of the applicable documentation have
been performed in accordance with SW-1 00-050 or SW-100-110.

2 Acspa Dwne
3 Area * Facliy 2f- -E - s Unit -

6. Stage Locaion (S01)

11010e Tier Ikdtion
7.- DisposailLocation

6eW tg Coodrtata N "16 ) w 7. f -?
Endng Coordnates N f46 w 4%/

REFERENCES

T6. RSR No. N/A 23 YVJ 17. SDAR No. B IC3J-

18. DOE NRC 741 No. N/A 19. PDR No. N/A

&PAGEIOF I
1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

IC
9 PIN RTL4394

11 Wase Generabr Lawrenoe Berkeley Laboratory

11, Ch1rDCd,SONo.,CrMP0No. 3527300

12. WAM No. 9410-0156

NunieotOcnsct David Bteffan/Busan Jahansooz
Lawrence ferkelay Laboratory, Onehone Cyclotron Road, Mailatop 975a-101,
Borkmjoy C -4720 0-48 -52511 certify that: (1) No capital property Is Included in this waste unless

docnented by a Prpty Disposal Rqoesl and desrted below. (2) To the
best of my knowledge, the IM1ormiaton entered below Is cornplet and
accurate, arid the waste packag Is In Doirpliarics With WHC-EP-0Oe and theStoragerDisposal Approval Record (SDAR). (3) Unless deslgnated aRadioactive Mixed Wadte (RMW), this waste Is not a dangerous waste as
delind by Chapter 173-30 WAC or olher applicable slate or federal regulation
gorning the management of hazardous waste. (4) The cnArge code Is

15 Sign. 10"?

. gn' n * y gry a Li>Category3 jmw i Classified
2t. Point ofOrigin W/A 3a Waste Cabory 31.Waste Code (Che) n)

122 Cnter TYIN 55 gal drum 2a LxWxH or DXL 24"dia x 35' height (ChCk Om) 0 FW 3 LI 3 CL 0 W
24. Cont Vol, (m) a= 25. -are We 2ht kg)s 2D U D SL 0 GL 0 CM 3 TW

Dole Packaged 8-26-94 27. Gross Weight (kg) 117.48 DOE 0P SS NPA

A Theirmal Powar <0.1 W/ft 2D Dose Rte (mrem/hr) -02 at I cm 3. Seal No.
WASTECONTENTS T DESCPTN

33, Aficle Description 34 36- 37. Curies 38 Wei0tt()Eslimad Est Rds (FiCsion/Activadon (T uiu*Ami Weight (kg nucleWlo (flit1C rPHroducts ony} and Thorfum410 tril liner 1LC0- 2.00 I1 9.29
Anticorrosion rad pad 1.00 1.00 9
Absorbant (Superfine) 37.00 40.48
Silica gel 48.00 36.00
Metal (cans) 12.00 12.00
Plastic (bags) 1.00 1.00

MTOTAL 100.00 92.48 TOTAI 19.025

C-44
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/253) 8. PAGE I F 1
Siorage/Disposal Information 1, SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent *. PIN RTL4494
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-100-1 10. la Waste Generanr Lawrence Berkeley Laboratory

a sgnrneace. L. ? IatE5' -311.! i ChergCode,SONo.,crrlPONo. 3527600

a AreeV/. 4 FacIS, / L/ & Unit 12. WRMNo. 9410-0151)

6 Strage Location (S01) ia NameofContact David Steffen/Susan Jahanaooz

I Ile postionLawrenoe Berkeley Laboratory, One
4Posion 4 Address Phone cyoatron Rtoad, ailatop D753-101,

7. Dispos Llocaton Berkeley CA 94720 §jq-48§-525j
I coriffy that: (1) No capital property Is Included In this waste unless

Beglr Coordinates N L/600 C W 76 j/,1 documented by a Property Disposal Aqueet and deacribed below. (2) To the
Beginin Cordinles West of mny knowledge, tha inlormation entered below Is comnplets and

Erdnig Coordinales IN 1- (. o 04 w-0/1 accurate, and the waste package is in compliance with WHC-EP-tOW and the
Stoag'Drpomal Approval Record (SOAR). (3) Unless designated a
Radioactive Mixed Waste (RMW). this waste Ia not a dangewus waate as

REFERENCES dafind by chapter 173-30 WAC or other applicable state or lederal reguation
goveming the management of hazardous waste. (4) The charge code Is

Ir RSR No. N/A 23 7 17. SDAR No. 87-1C-&J-0401 correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A 15, Signature Dae 9-23-94

20 Weae Degneton N Category 1 3 Category 3 0 >Category 3 0 RWW [ Classified

21. Pointof Origin N/A 30- Wasie Category 3S.Waste Code (Check Ore)

2z Continer Type 65 gal drum 23. LxWxH or DxL 24"dia x 35" height (Chmc One) OFW 3 HM 3 CL DW
f BW 3 DD E SL 0 GL E CM TIW

24. Cont Vol. (M) OM 25 Tar Weight g) 25 ODS H NG [ DM 3 SC 3 PB E] N

a&DatePadwaged 8-26-94 27. Gross Weight (kg) 99.79 3 CE 13SS 0 LM O PA

K Termal Power C0.1 W/ft 12 Dose Rate (rnrem/hr) 402 a trm 32. Seal No.

WASTE CONTENTS DESCRIPTION

. 35. a. 37. Curios 38. Weigt ()
33. Artcle DescripoEsimated Et Rad (Fission/Aivtion (TRU raun

Volurne Weight (kg iiclqde Products only) and Tkrnum onl
10 mil liner
Anticorrosion rad pad

Absorbant (Superfine)

Silica gel

etal icans)

Plastic (bags)

1.00

1.00

49.30s
3B.00

9.50
1-00

2,00

1.00
33.79

27.50

9.50
1.00

H-3 19 Cj

39. TOTAL 100 .00 7479 TOTAf 19,

9

C-45



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, /2623) &. PAGE I OF
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. Pil RTL4594
possible and a cross check of the applicable documentaticn have
been performed in accordance with SW-100-050 or SW-100-110. 10. Waste Generator Lawrence Berkeley Laborat ory

2 1ignare tnce c' ate%3C- 7 1. ChgeCodSONo.,orMPONo. 352,7800
3 Ar2aZ A Facd y 4.tJ 5. Unit I? WRM No. 9410-0160

6. SrapeLcationfJSol1) 1. N=1eofC1nr1= David Steffen/susan Jahansooz

Module Tier Position 14. Lawrence nerkaley Laboratory, On.
1.d&e Phone cyclotron toad, Mailetop 375B-101,

7. Disposal Locaion k4720 510-406-5251
I certfy that (1) No capital property is included in this waste unless

Benning Coordinams N 4c w -W docu7cented by a Property DispoaI Aquest and described below. (2) To the
bst of miy knowledge, the Information entered below is complete and

Endng Coordnalms N V 6 6 W 76 7/ accurate, and t waste paage is in compliance with WHC-EP-006 and the
StoragDlispsai Approval Record (SDAR). (3) Unless designated a

REFERENCES Radoactive Mixed Wavte (RMW). thIs wase Is not a dangerous waste as
defind by Chapter 173-30 WAC or other applicable state or faderal regulation
governing the management of hazardous waste. (4) The charge code Is

16. RSR No. WA .37 3 -17. SDARNo. 87-1CJ-401 correct.

18. DOE NRC 741 No. N/A 19. PDRNo. N/A 1. Signatu Dae 9-3.94

20 Waste Designaion 8 Category 1 13 Category 3 C >Category 3 C RAW 0 Classified

21. Point of Cuigin N/A 31). Waste Category 31.Waste Code (Check One)
22 Conlainer Type 55 gal drum 2. LxWxHorDxL 24dia x 35' height Check One) 3 FW 3 i 13 CL D WE
24. Cant. Vol. (ms) 0= 2. Tara Weight (kg) 25 - OBW ODD * SL I GL O CM 0 TW

0 DS 0 NC 0 DM g 0D SO 3 P08 E3 NIC211Dole Padaged 6-26-94 27. Gross Wegh (kg) 104.33 o CE OSS O LM C PA
2. Thermal Power H <0.1 W/it 129. Dose Rale (mrem/hr) 42 astcm 32. Seal No.

WASTE CONTENTS DESCRIPTION

33. Article Description 3 13, 37 Curias 38. Weight (g)Estimated Est RadiO- Fission/Activaon (TRU Urnum
. Volume Weight (kgi Products onl and orm onny)

10 Mil liner
Antictrosion rad pad
Absorbant (Superfine)
Silica gel

Metal (cans)

Plastic (bags)

1.00
1.00

49.50
38.00
9.50
1.00

2,00

1,00
38.33
27.50

9.50
i.00

H-3119 C,

3 TorAL 100.00 933t TOTAJ 19.

C-46



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6 93) 8. PAGE 1 OF 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTL4694
possible and a cross check of the applcable documentation have
been performed in accordance with SW-100-050or SW-100-110. 10. WasteGeneraltr Lawrence Berkeley Laboratory

2 SignaWeAccepltnce gp. Date / - 1"(-/ 11. Chage Code, SO No.or MPO No, 3521800

Ae., 4. Faciiy 2/ - / 5 Unit -- 12. WRMNo. 9410-0161

. StorageLocaton(S01) 13 NameofConact David Steffen/Suaan Jahanaoox

ree Posilion Laswrenee Barkelay Laboratory, One
Moe T14 Adcrss Phone Cyclotron Road, Mailstop 375-101,

7. Disposal Location Derkeley CA 94720 51o-4a6-5231
1 certify that: (1} No capital property is included in this waste unless

.8911*9 Coordinates N O ( 0 W 7 , 10 r documented by a Property Disposal Rquest and described below. (2) To the
best of my knowledge. the Information entered below is complete and

Ending Coortinaefs N Y 060 w 76 7/ accurate, and the waste package Is In compliance with WHC-EP-00S and! the
Storage/Olsposal Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW). ttIs waste is not a dangerous waste as
defind by Ctiapter 173-30 WAC or other appllcabte state or federal regulation
governing the management of hazardous waste. (4) The charge code is

18. RSR No, N/A 23 ?/'3 17. SDAR No. 1740401 correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A 15. Signals Date 9-23-94

. Waste Designaion N Category 1 0 Category 3 0 >Category 3 0 RMW 0 Classi)jd

21. Point of Origin N/A 30.Waste Categox 31IWaste Cooe . (Check One)

2ZConrter Type 55 gal drum 2 LxWxHcrDxL 24diax35"height (Check O*), FW Q14A OCL OWE
(2.Tweighft) 25E BW O3DD (ESL Q GL 13, 0 W

E CDS 0 NC DM SO 01B 0 NC
2s. DatePackaged 8-26-94 27. Gross Weight (kg) 105.23 01 CE 3S [I LM 0 PA 2
2. Thermal Power <0.1 Wt 2 Dose Rate (mretn/hr) <.02 at 1cm 32 Seal No.

WASTE CONTENTS DESCRIPTION

Article Description 34. 3 3 37. Curies [s Weeit g)M~sn smated Est. Radio- (FissiorMectvation (TRU,Uranlum,
Volume Weight (kg InulIde products 2y) and Thorium only)

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

1.00
1.00

49.50
38.00
9,50
1.00

2.00
1.00

39.23
27.50
9.50
1.00

H-31 19 Ci

x ToAL 100.00 80.23 TOTA 19.

9

C-47



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGEISPOSAL RECORD (REV 2, 6/25) 6. PAGE 1 CF 1
Slorage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTL4794
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-0 0 or SW-10-110. 10. Waste Generator Lawrence Berkeley Laboratory

2. pnDle-7- 3 0- f' It Charge Code, SO No., or MPO No. 3 5 27 8 0

3a Ar L'2- 4 Faci ity.2/6/,- . 5. Unit - It WRM No. 410 -03.62

SSwageLocaion(Sol) 13 NameofConect David Steffen/Susan Jahanaos

Module Tier Positon Lawrence Berkeley Laboratory, One
14. AddessPh"n Cyclotron Read, Mailatop B75B-101,

7. Disposal Locaton -Arkeley CA 94720 510-486-5251
I certify that: (1) No capital property Is included in this waste unless

BegnnngCoordnalsN 9 46o0 W -76 0 documented by a Property Disposal Aquest and descrbed beiow. (2) To the
best of my knowledge. the information entered below is complete and

Endng Coordnales N V6 060 w 7 -> 7 -3 accurate, and tie waste package is in compliance with WHC-EP-0e3 and the
St-rse/.l.epoeel Approval Record (SDAR). (3) Unless designased a

REFERENCES Radioactive Mixed Waste (PMW). this waste is not a dangerous waste an
defind by Chapter 173-30 WAC or other applicable state or federal regulation
governing the management of hazardous wast. (4) The charge code is

16. RSR No. N/A 23 13 17. SDAR No. 87-1C4-J-41 correct.

18. DOE NFIC 741 No. N/A 19. PDR No. N/A 15. Signature Data 9-23-94

20. Waste Designeton H Category 1 Q Category 3 Q >Oategory 3 [ RM [ Classified

21. Pointof Origin N/A 30. Waste Category 31Waste Code (Check Cne)

22 Contaner Type 55 gal drum 23. LxWxH or DxL 24"dia x 35" height (CheckOne DFW O El 0C1 O E
24. Cont Val. (m3) 0.20 25. Tare Weight (kg) 25 3 * 0DM 0D G O CM [ TW

Q DS: 9 NC D DM El SO D PB [I NG2&. atlPadkaged 8-29-94 27. Gros Weight (kg) 94.35 MOE 05 ou LM O PA
. ThenrTal Power H <0.1 W/it 129 Dose Rate (mrsm/hr) <0.02 at 1 crn 32, Seal No.

WASTE CONTENTS DESCRIPTION

33. Artid3 Discription !4, Curis W,
EstAmaed Est. Radio- - ivation ( 1TRU, Um
Volume Weight (kg d jnucide dtoy and ThOrimrrn on

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

1.00
1.00

49.50
38.00
9.50
1.00

2.00
1.00

27.35
28.50

9.50
1.00

H-3119 Ci

3. ToTAL 100.00 69.35f TOTAf 19

C-48



DOE/RL-2014-43, REV. 0

LOW-LEVELWASTE STORAGE/DISPOSAL RECORD (REV 2,625,93) B. PAGE 1F 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical Inspection of the waste package to the extent 9. PIN RTL4894
possible and a cross chock of the applicable documentationt have
been performedin accordancewih SW-100-050or SW-10-110. 10. WasteGenerator Lawrence Berkeley Laboratory

2. SnrAccop A '& Da r t/ 11. CharpCode,SONo., orMPONo. 3527800

3. AreaeZG 4. Fcity2./7 41 5. Unit Y 12 WRM No. 9410-0163

6. $Wa ( 13. Nam0ofCOilt8t David Steffen/supan Jahaneooz
SLawrence Berkeley Laboratory, One

Module Tier PosiCylotro Road, Mailatop 57-101,

7. Diwnadl Location Serkeler CA 94720 510-446-5251
I certify that: (1) No capital property Ia lecluded In this waste unless

9edjnnng Coodnates N 9&0d c W 74documented by a Property Disposal quest and described below. (2) To the
btst of my knowledge, the Information entered below s complete and

Endtg Coordnabs NiO66' w 7 3 accae, and tie waste package is in compliance with WHC-EP-0083 and the
SorageOiraposa: Approvat Record (SDAR). (3) Unless designated a

REFSRENCES Radioactive Mixed Waste (RMW). fids waste Is not a dangerous waste as
dalind by Chapter 173-30 WAC or other applicable state or federal regidallon
governing the management of hazardous waste. (41 The charge code a

16. RSR No. N/AL33 17. SDAR No. 87-1C-3J-0401 correct.

18 DOE NRC 741 No. N/A 19. PDR No. N/A IS Signatur Dab 9-23-94

20Waste Desigration H Category 1 0 Category 3 0 >Category 3 0 RMW 3 Classified

21. Pont of Ouigi N/A 30. Waste Category 31Waste Code (Check One)
2. Conkiner Type 65 gal drum 23. LxWxHorDxL 24dia x 35" height (Check ne) D3FW 13FM - 3CL O WED BW D DD) HSL OUGL DOe 0M1"W
24. Con. Val. (M 02 25. Tare Weight (kg) 25 f3DS l NC 0 DM 08 0 O(PB [T
1. Date Packaged 8-29-94 27. Gross Weight (kg) 104[3 OCE SS 0 LM 0 PA

20. Thermal Power 3<0.1 W/ft 29. Dose Rate (mrem/hr) <0.02 at 1 cm 32. Seal No.

WASTE CONTENTS DESCRIPTION

Artide Description

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)

Silica gel
Metal (cars)

plastic (baqs)

35.
Estimated Est. Ra6do-
Volumne Weight (kg nuidce

1.00
1.00

49.50

38.00

9.50

1.00

2.00
1.00

37.33

28.50

9.50

1.00

39. TOT 100 .00 79.33 TOTAI 19.

37. Curies
PrusiotAcivation

19 Ci

38. Weight ~gt 0)(TRU, Uranum,
and Thorium only)

9

C-49
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/253) a. PAGE 1 OF 1
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTL49O4
possible and a cross check of the applicable documentation have
been performed In accordance with SW-100-050 or SW-100-11D. 10. WasteGenerabr Lawrence Berkeley Laboratory

2. Slg-ietxe Accepfl I Dlat g- 30- 11. Charge Code, SO No., or MPO No. 3 5 2 7 8 0 0
3. Aree2.$9 4. Fai y -1 & Unit -12 WRMNo. 9410-0164

6, Storage Location (SDI) 13. NarneofContact David Staffen/Suman. Jahansoox

Module Tier Position avrrenoe Berkeley Laboratory, 6in -
14. Addruss Phone cyclotron Road, Hailatop B75S-101,

7.alLor-non ftlkley CA 94720 510-486-5251
1 certify that: (s) No capitl property Is Inctuded in this waste urdes3

fegnning Caoribs N L6 c o W 7- 7 7documeneted by a Property Disposal Rquest and described below. (2) To theB4-iV C-dno N /6 6, 0 w -7 N est of my knowledge, the informationi entered below is complete and
Endng Coordnaes N w 76 7 accurate, and t wast package is in compliance with WHC-EP-0083 and the

SlnrageDisposal Approval Record (SOAR). (3) Unless designated a
REFERENCES Radioactive Mixed Waste (MW). this waste Is not a dangerous walm as

dend by Chapter 173-M WAG or other applicab/a state or federal reglation
governing the management of hazardous waste. (4) The charge code is

16. RSR No. N/A 231,' 117, SDAR No. 871400 orract,

1& DOE NRC 741 No. N/A 19 PDR No. WA 15. Signature Dale 93-94

2. Waste Designation Category 1 0 Calegory 3 0>Category 3 E FMW 0 Ciassified

21. Point of Origin N/A 30 Waste Category 31.Wata Code (Chwd On)

22 conainerTypq S5 gal drum 21 LxWxHorDxL 24'diax35"hegh (Check ne) 3 FW E3 H-M Dw C W

2 Cont Vol. (m) 02 2. Tare Weight (kg) 25 13 BW 3 DD 1 SL Q GL O CM E TW
13 DS N Nr- 0 DM [3 SO L3 PB [3 INC

25. Date Packaged 8-29-94 27 Gross Weight (kg) 92.95 3 CE O SS O LM O PA
21. Thermal Power <0.1 W/t 2 1 Dose Rate (mrem/hr) 4.02 at 1 cm 32. Seal No

WASTE CONTENTS DESCRIPTION
3[ Aie Dosrption 34 3& 13. 137. Curies [a. g)

Estimated Est RAd Fission/ActIvetion (TRU ranum
Volume % Weight (kft iUOIidb rocts y) d Thorium only)

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

1.00
1.00

49.50
38.00
9.50
1.00

2.00
1.00

25.99
28.50

9.50
1.00

H(- 19 Ci

39. ToTAL 100.001 67.991 TOTAI 19.

q;

C-50



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/MISPOSAL RECORD (REV 2, 6/2593) 8. PAGE I OF 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent % PIN RTL51Q4
possible and a cross check of the applicable documentation have
been perlormed in accordance with SW-100-050 or SW-1D0-110. to. WasteGenerabfr Lawrence Berkeley Laboratory

a Sigosue Aceeptanca ~ ~ IDate 7- 3$ -jyQ 11. Charge Code, SO No., or MPO No. 3 5 2 7 60 0

a Areala Ld 4 Facility 24' ii C Unit ~1 WRM No. 9410-0166

6. Strage Location(S01) 13 Naneof Contc David Steffen/s an Jahansooz

rLareno. flerkeIay Laboratory, One
Mnioduje 'ler Posnon 14. Addess Phone Cyclotron Road, Mailetop !753-101,

7 Di a n Berkeley ga 947 2 510-486-5251
I certify that: (1) No capital property Is included In this waste unless

Beginning Coordnmam N '6 i) C $w 74 70 7 documented by a Property Disposal Rquet and described below- (2) To the
best of my knowledge, the information entered below Is complete and

Endng Coordnalma N 1- 6 yW 7( 9/ accurale, and the waste package is in compilance with WHC-EP-00M3 and the
StoregelDisposal Approval Record (SDAR), (3) Unless designated a

REFERENCES Radioactive lixed Waste (RMW). this waste Is not a dangerous waste as
defind by Chapter 173-30 WAC or other applicable state or federal regulation
governing the management of hazardous waste. (4) The charge code is

1a RSR No. N/ASS3 I741 17. SDAR No. 87-1C,3J0401 correct

18. DOE NRC 741 No. N/A 19. PDR No. N/A J& Signaturs- - Date 9-23-94

2a Waste Doegntion H Category 1 0 Category 3 E >Category 3 3 FMW 0 Classified

21. PointofOrigin N/A SO. Waste Category 31.Wasa Code (Check One)

2p Container Type 55 gal drum 2a LxWxHcrDxL 24"diax35" height (Check One) O FW 0 R-M CL o w
.cont Vol.(a) 129 25Tare Wight (kg) 25 0BW Q DD E SL D GL O CM E 01W

S[Int .. kDS 0 NC 0 DM 0 SO O PB 3 NO
.D Packaged 9-29-94 27. Gross Weight (kg) 117.01 OCE 03SS I LM 0 PA

2. Thermal Power * <0.1 WI I 29. Dose Rate (mrem/hr) <0.02 at 1 cm 32. Seal No.

WASTE CONTENTS DESCRIPTION

Aride Description

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel

Metal (cans

Plastic (bags)

34. ~ 35. 37 *curies 38. We/gfn (g)Estimated Est Fd I o.. ActivaIioO (TRU Uranium
Vokwne VWeiht (k3c d roducts ony and Thoiun ov)

1.00

1.00
37.00
48.00
12.00

1.00

2.00

1.00

40.03

36.00

12.00
1.00

14-319.03 ci

3. TOTAL 100.001 92.03 TOTAf 19.03

C-51



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/2593) 8. PAGE 1 OF 1
Storage/Diapoaal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTL594
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-100-110. 10. Waste Generalor Lawrence Barkeley Laboratory

2 Signature Acxcapwicc zzDe A-30-79 11. Charge Code, SO No., or MPO No. 3 5 2 7 8 0 0
a Ar.2 j 4 Facility - 5. Unit 12 WRMNo. 9410-0167

SageLocation(S01) 1S. Nameol Contact David Steffen/Susan Jahansooz
Modiie Tier Position Lawrence aerkeley Laboratory, One

14 Addes Phone Cyclotron Road, Mailatop 8753-101,
7. DisposalLocaton Berkeley CA 94120 510-486-521

I certify that (1) No capital property Is Included in this waste unles
Bagruning Coorcintaes N L( $6 C- W 7( / 77 documented by a Property Disposal Rquest and described below. (2 To the

best of my knowledge, tle Information entered below is complete and
Endng Coordnates N 9q 06 ( W 7 1/ 1 accurate. and the waste package is in compliance with WHC-EP063 and the

Slorage'Dlsposel Approval Record (StAA). (3) Unless designated a
REFERENCES Radioactive Mixed Wast, (RMW), tis waste Ia not a dangerous waste as

defind by Chapter 173-30 WAC or other applicable state or lederal regulation
governing the management of hazardous waste. (4) The charge code is

16, RISR No. N/A Z 3 7/ 1 |t7. SDAR No. 7-CJ-41correct.

1& DOE NRC 741 No. N/A 19. POR No. N/A 15, Signatur Date 9-23-94

2 Waste Designrion B Category 1 0 Category 3 0 >Category 3 E FMW 0 Classified

21.Pointoforigin N/A 30. WasteCategory 31.Waste Code (Check One)

22.ContinerType 55 g drum 23. LxWxH or DxL 24dia x 35" height (Chock Cne) DFW O FM CL O WE
24.ContVd1.(m) 0.2M 25. Tore Wght (kg) 25 D BW 3 DD H SL TJGL O C 0 1W

3 DS E NC [ DM 5s0 OPO 3Nc
23 Dete Packaged 8-30-94 27. Gross Weight (kg) 112.94 -O CE 0 SS 3 Lm E PA

2a. Thermal Power <0.1 W/ft a Dose Rate (mrenvhr) 0.02 at 1cm 32 Seal No.

WASTE CONTENTS DESCRIPTON

33. Article Description Eit 35. 37. Cud t )
Estimaind Est. Rakdo- Fission/Ao[ end(TUrium
Volume */Waight (kg nuddD PMouct ngd Torium&"ly

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel

Metal Icans)
Plastic (bags)

1.00
1.00

37,00
48.00
12.00
1.00

2.00
1.00

35.94
36.00
12.00
1.00

H-3 19.025 ci

3). ToTaL 10.00 8.94 1TOTAq 19.025

C-52



DOE/RL-2014-43, REV. 0

41'
LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2.6/2593) 8. PAGE 1 OF L

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)
I cerify that a physical inspection of the waste package to the extent 9. PiN RT.5394
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-Io0-110. 10 WasteGenerator Lawrence Berkeley Laboratory

2 gature Acepne a Date 11, Charge Code, SO No.. or MPO No. 3 5 2 7 e 0 0
SAre W AFac5. Unit 12 WRM No. 9410-016a
6. StorlageLocation(801) la NameolConact David Steffen/Suaan Jahansoor

Modue Ter osiionLawrence Berk*elay EaBortory, OneModl 14 Address Phone Cyclotron Road, ailatop 215-101,
7 Disposal Location k 94720 510-486-5251

1 certify that: (1) No cepital property Is included in this waste unless
8egiming Coordinams N t/eO bc w 7documented by a Property Disposal Rquest and described below (2) To theBeginin~oodinllahl -7 bt of my knowledge, rho information entered below is compile and
Endng Coordnaws N W6c 6 C w 7a 7/ accurate, and the waste package ir In compliance with WHC-EP-oOW3 and the

Coagle.spa Approyal Record (SDARt). (a) Unless designated a
REFERENCES Radioactive Mixed Waste (RMW). this waste is nort a dangerous waste as

defind by Chapter 173-30 WAC or otier applicable state or federal regulation
governing the management of hazardous waste. (4) The charge code is

16. RSR No. N/AZ 9' 17 SDAR No. 7-IC4J-0401 correct.

18. DOE NRC 741 No. N/A 19. PiR No. N/ 15. Signalers Dale 9-23-94

20. Wnsj9 Designation U Category 1 0 Category 3 E3 >Category 3 0 RM# D Classified

21. Point of Origin N/A 30 Wast Category 31.Waste Code (Check One)
2Continer Type 55 gal drum ZA LxWxHorDxL 24"diax35" height (Check One) F:W E -W E CL 3 WE
24 Cant. Vol. (m') 020 2. Taro Weight (kg) 25 -0 BW E DD SL 0 GL 0 CM [ TW

C DS H W- 0 DM 0 SO 0 PB D NC
2& DalePackaged 8-30-94 27. Gross Wght (kg) 120.66 [O E SS 0 LM 0 PA
2 Thermal Power N <0.1 WAt 29. Dose Rate (mrem/hr) <0.02 at 1 am 3. Sele No.

WASTE CONTENTS DESCRIPTION

33. Article Description 34. 3 . 37. Curie. is. ]mg)Estimated IEsu. Radi[jflasIonAcivaton I(TRU, m
ivoume 9Wiht (k nuild roducts dThronL10 mil liner

Ariticorrosion rad pad

Absorbant (Superfine)

Silica gel

Metal (cans)
PlasLic (bags)

1.00
1.00

37.00

48.00

12.00

1.00

2.00
1.00

43.66
36.00
12.00

1.00

H-.A13.055

30. To7rAL 100.00 95.661 TOTAi 13.055

Ci

C-53



. TOTAL. 100.001 89.761 TOTA1 19.025

C-54

DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGIDISPOSAL RECORD (REV 2, 6/2593) PAGE OF

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical Inspection of the waste package to the extent a PIN RTL5494

possible and a Cross Check of thle applicable documentation have

been performed In accordance with SW- 100-050 or SW- 100-1 10. 10 Waste Oeneator Lawrence Barkeley Laboratory

Dai. 3 0 () i1. ChargaCcde,SO NorMP No. 3527800

3.Aad/t 1&cit2 -// / 1. Ur 12 WRMNo. 9410-01.69

6. Siorage Loudlon (901) la. NamaolContwc David stefflen/susaan Tahmnsooz

module Tier Position - 14. AddrMsPhOnM cymilotron Roaad, Mailstop B75SU4-2.1

7. Disposl Locallin --- "& 4720 510rl@6-5251
DiI certiflthat: (1)No capital propert I~s included in tMis waste unless

e 60 W documented by a Propery Disposal Rquest and dscibed below (2) To the

Beginning Goocidles N Y 04 0 W best of my knowledge. Tme information entered below is complete and

acurate. and the waste package Is in compliance wit WIC-EP-0065 and the

EndNg Coordnams N 040) w f / StorageDisposal Approval Record (SDAR). (3) Unless designated a

- Radioactve Mted Waste (RW) tNs waste is not a dangerous waste as

REFERENCES detnd by Chapter 173-30 WAC or other applicable state or federal regulation

goverming the management of hazardous waste. (4) The charge code s

6. RSR No. N/A 7 5/ 17. SDAR No. 7-C-J-0401 correct.

It DOE NRC 741 No. N/A 19. PR No. N/A 
Dale 9-

2O.aseDosignation w Categiory I L3 Category 3 E3 >Category 3 [3 RMW Q Classililed

2I.Pontol'ho NI Waste, Callagoryt 31.WasUe Code (Check Ono)

2? 09rntsiniar Typo 55 gal drum 2&. LxWxH Or Dxt 24"dia x 35" height Co c W r [I D C] HM [3 G L C X T

24. Cnt. VOl. (M3) "M10 21. Tape Weight (kg) 25 13 Bw 13 D D DM SL EG 13 CM E3TV

.a ale aged 8-30-94 27. Gro-s Weight (kg) 114.7AG 13CE L3 SS 10 LM [3PA

28. Thermal Power <0.1 W/ft 29. Dose Rnee (mrem/hr) <0.M at 11CM 3Z Seal No.

WASTE CINTENTS DESCRIPTUON

-- X4 35. X6 37. Curies 38. Weigh t fg)
33. Article 0ascidption Estimated Est. Redi- LFission/Activatlion (TRU. Uranium

Volum WeighMI kg nuiclide pmrodto and lhienm

10 Ml lner1.00 2.00 H-3 19.025 ci 910~m 

2i 

lnr.0 

1.00Anticorrosion rad pad 37.00 31.00

Absorbant isuperfine) 437.01] 37,76

Silica gel 448.00 3200

etal (cans) 1.00 1.00

Plastic (bags)



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/93) 8. PAGE 1 OF 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent a pIN RTR5594
possible and a cross check of the applicable documentation have
been pertormed in acccrdance with SW-100-050 or SW-100-1 10. 10 Waste Generator Lawrence Berkeley Laboratory

a s~atm~aepsXeDaI.9f $ -1S' I. ChargeCodeSONo.,orMPONo. 352 1800

a A.e 7.W 4, Faciity ./i /-- , . Unft 12 WRM No. 9410-0170

6. ScrageLocation(SO1) la Naeofcntact David Steffen/suean JahatnGo2

MPsion Lawrence Berkeley Laboratory, One
14. Addeyclotron Road, Mailatop 375B-101,

7. Dpsal a Berkeley CA 04720 510-406-3231
1 certify that: (1) No capital property Is included in this waste unless

Begiwting Coordnates N L/, 60 w 7C 9f - documented by a Property Disposal Aquest and described below. (2) To the
best of my knowledge, the inforrmation entered beiow is complete and

Erdnirg Coordrales N-1,641bo W -accurate. and the waste package ia in compliance with WHC-EP-oos and the
Storage/Disposa Approval Record (SDAR), 131 Unless designated a

REFERENCES Radioactive Mixed Waste (RMW. this waste is not a dangerous waale as
deflnd by Chapter 173-30 WAC or other applcable state or federal regulation
governing the management of hazardous waste, (4) The charge code is

16. RSR No. NWA 23 '3 17. SDAR No. 87-10-3-401 correct.

18. DOE NRC 741 No. N/A 19. POR No. N/A 15. Signature Dale 9-23-94

20. Was Designaton a Category 1 0 Category 3 0 >Category 3 ] RMW 0 Classified

21. Point of Oigin N/A 30. Waste Category 31.Waste Code (Check One)

22. Contner Type 55 gal drum 23. LxWxH or DxL 24"dia x 3 height (Chek One) 3 FW 1-3FA CCIL WE

24.ContVo.(m) 0.208 25. Tare Weghl (kg) 25 0 WI 1 DD 0 MSL 0 GL qwB t NW-- 0 DS ENC [IDM 03SO0 PB [2NG
25. Dal Pakoged 8-30-94 27. Gross Weight (kg) 124.74 O E 0 SS [ LM O PA

2B. Thenn Power .<o.1 Wtft 29. Dose Rate (mrem/r) <0.02 a I oM saw No

WASTE CONTENTS DESCRIPTION
j34. Descrptio 37. Curies [s uii n
Estimated Eat C Fission s n U n

_Vourne . ght k nucLd5 rodu y) and Thorium only)
10 mil liner

Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

1,00
1.00

37.00

48.00
12.00

1.00

2.00
1.00

47.74

36.00
12.00
1.00

H-3 15.05 Ci

39. TOTAL 100.00 99.74 TOTA 15.05

g

C-55



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/2593) 8. PAGE 1 OF 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical Inspection of the waste package to the extent D. PIN RTL5S4
possible and a cross check of the applicable documentation have
been perlormed in accordance with SW-100-050 or SW-100-1 10. %t Waste GeraMtor Lawrence Berkeley Laboratory

2 A pnDaM 7 30 7 11 ChargeCodaSONo,,orMPONo. 35217800

a Ane.2e// 4. Facility 2- 6/ & UnitT $ 12 WRMNo. 9410-0171

6. SmgeLocation( 1) 13. NBmeOfCOnfWCt David Steffen/Susan Jahansooz

mod" Tier Positio 1.Lawrence Berkeley Laboratory, OneModle Tir Psian14. Addrws Phonw Cyclatron Road, Hallatop B116-11.10,
7. Disposl Location Berkeley CA 94720 510-486-525L

I certify that: (1) No capital property Ia included In this waste unless
9emnnatg Coordinates N Cf I/ 4 Ce O w 7&c 9 ' fdocumented by a Property Disposal Rquest and described below. (2) To the

best of my knowledge, the information entered below is complete end
Endng Coortdnraa N f Y 0 (0 w 7A ccurate, and the waste patAge e in coinplisnce wIt WHC-EP-O03 and theA. X/3 Storagefsposa Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW), this waste is not a dangerous waste as
defind by Chapter 173-30 WAC or other applicable state or federal regulation
governing the management of hazardous wase. (4) The charge code is

16. WBR No. WA 23P1 3 17. SDAR No. 87-1C4.-01 correct.

48. DOE NRC 741 No. N/A 19, PDR No. N/A 15. Signalu Date 9-23-94

2 Wase Designation * Category 1 0 Category 3 0 >Category 3 0 RMW 0 Classified

21. Point of Origin N/A Waste Category 31.Waste Code (Check One)

2zConlainer Type 55 gal drum 23. LxWxH or DxL 2diax height (Check One) FW O3-N 12 O3 M 3

24.ContVl. (ma) UMXT-Weightt)25EO W DD E SL O GL [0CM 0 1W
. .. ). T ( DS N NC E DM 3 SO B E NC

M CausPakwged 8-30-94 27. GrossWeight (kg) 117.03 0 CE 0 SS 3 LM 0 PA

2 hennal Power - <0.I Wift 1 Dose Rate (mrem/hr) <0.02 i 1 cm 32. Sed No.

WASTE CONTENTS DESCRIPTION

33 Aicle Description 3 7. Curies 3.e }a)
lmesnaid E Et k AdidI FiodctIvSI rn I(TRU, Urlan)

________________________________________Volumne 1 eiht (kftlt uclide {rdcs 2A d Thorium arily)
10 mil liner
Anticorrosion red pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

1.00
1.00

37.00

48.00

12.00
1.00

2.00
1 .00

40.03
36.00
12.00

1.00

H-3119.05 ci

39. ToTAL 100.00 92.03 TOTA 19.05

C-56



DOE/RL-2014-43, REV. 0

3?
LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2. /253) B. PAGE IOF I

Storage/Disposal Information 1. SWSDR No, (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9_ PIN RTL5794
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-IOQ-110. 10. WastarGenerator Lawrence Berkeley Laboratory

2 sDanatre cERRW Zet. Ime-30- 7% 1i. Chage Code, SO No., or MPO No. 3 5 2 7 8 0 0

3. Area O6tv /4. Facity 2%/ 5. Unit 12. WRMNo. 9410-0172

s. StogeLocation(SO1) ia NomooICMnOct David Stetfen/Susan Jahansooz

d4Larnes erkeley Laboratory, One
MTier Poilr 14, Addrs Phone Cyclotron ad, ailatop 375B-101,

7 .lspnsnl Location Brkeey ca 94720 510-486-5251
1 certify that: (1) No capital property is included in this waste unless
documented by a Property Disposal Rquest and described below. (2) To he

eginninCrdn N C ) W 7 best of my knowledge, the information entered below Is complete and

Ering Coorinates N w Waccurate, and the waste package is in compliance with W1-CE P-.OBM and the
Storage/Disposal Approval Record (SDAR). (3) Unless designated a
Radioactive Mixed Waste (RMW), this waste is not a dangerous waste as

REFERENCES defind by Chapter 173-30 WAC or other applicable state or federal regulalion
governing the management of hazardous waste. (4) The charge code is

16 RSR No. N/A 2 7 17. SDAR Na. 87-10-3J-0401 correct.

18. DOE NRC 741 No N/A 19. PDR No. N/A 15. Signene Dab 9-23-94

20. Waste Designation 9 Category 1 0 Category 3 0 >Category 3 [ RM [ Cjassified

21. Point of Origin N/A 30. Waste Category 31.Waste Code (Check One}

Continer Type 55 gal drum 23. LxWxH or DXL 24"dia x 35" height (Check One) D3 FW 0 -W 3 CL o W
24. Cont. V&. (m1) .= 25. Tare Weight (kg) 25 DW D D) N SL D[ GL O M 0 NW

- -ODS *NC E3 D 50 SOE3PS [ NC

26.Daw Paidked 8-31-94 27. Gross Weight (kg) 117.93 O CE 0 SS [ LM O PA

2(. Thermal Power <0.1 W/ft .29 Do, Raft (mroen/hr)<0,02 at 1 cm 3?. Seal No.

WASTE CONTENTS DESCRIPTION
134. la 3D t 37. Curies 38. Weight (g)

3__ _ Ar__ ___Dsnp_ __n Estimated Est Ra l(Fission/Activation (TRU Uranium
Voume Weight (kg nudlide Pduct only) and jTum only}

10 mil liner
Anticorrosion rad pad

Absorbant (Superfine)
Silica gel
Metal lcans)

Plastic (baqs)

1.00
1. 00

39.50
46,00
11.5a

1.00

2.00

1.00

42.93
34.50
11.50
1.00

H-3 19.03 Ci 9

39 TOTAL 100.001 92,93 TOTAIf 19.03

C-57
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/2593) 8. PAGE 1 OF 1

Storage/Disposal Inforrnation 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTL5894
possible and a cross check of the applicable documentation have -__
been performed in accordance with SW-100-050or SW-10D-110. 10 Waste Generator Lawrence Berkeley Laboratory

a SgnatlreAcept Dal. -3ate ,;l- 7q. 11. Ctarge Code. SO No., or MPO No. 3 5 2 7 80 0

.Aea. 4.raclit -- . Urt - 12 WRM No. 9410-0173

6. StorageLocation(So1) 13. NamIOfCon, David Staffsn/Ruuan mahansooz

Moduie Tier Position LAWr e Bar er Laboratory, one
14 Addreas Phone Cyclotron sod, Mailatop 375B-101,

7.erkeley CA 4720 510-4Lc-5ti1
I certify that: (1) No capital property is included in this waste unless

Beginning Coordnates N Vf P 60 W 7 ?0 9 documented by a Property Disposal Rquest and descibed below. (2) To the
-- best of my knowledge, the informatilon entered below Is complete and

Ending Coordinates N fo W 7( 9/ 3 accurate, and the waste package Is In compliance wifl W-C-EP-D063 and the
Storage/Disposal Approval Record (S[AR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW), this waste is not a dangerous waste as
deftnd by Chapter 173-30 WAC or other applicable state or federal regulation
governing the management of hazardous waste. (4) The charge code is

SASH No. N/A 1 17. SDAR No. 87-1C-OJ-0401 correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A 15. Signature Date 9-23-94

20. Waste Designalon H Category 1 0 Category 3 0>Category 3 0 RMW 0 Classified

21. Point of Origin N/A 31. Waste Categoy 31.Waste Code (Chck One)

27. Container Type 55 gal drum 23. LxWxH or DxL 24dia x 35" height (Check One) FW o RIM OCL 0 WEOW 07DD EeL [D]eL [ICM [] W
24 cont. Vcl, (ml) 0208 25. Tare Weight (kg) 25 NBDS Dt JL DSO OP DTW

- -ODS [I D[M 0 SO [I PB3 [I NC
2 Date Packaged 8-30-94 27. Gross Weight (kg) 118.84 0 CE 0 SS O LM [ PA

28. Themaial Power H <0.1 W/ft 29. Dose Rate (mrern/hr) <0.02 at 1 cm 3. Seat No.

WASTE CONTENTS DESCRIPTION

33. Article Description 35. 37. s 38. We (g)
Estimated Est Radio- IFission/Actiation (TRU, Uanium,
_ Volume Weight (kg nIid roducts ) and Thorim only)

10 mil liner
Anticorrosion tad pad
Absorbant (superfine)
Silica gel
Metal (cans)
Plastic (bacs)l

1.00
1.00

37.00
48.00
12.00
1.00

2.00
1.00

41.134
36.00
12.00
1-00

H-3119.05

39. TTAL 100.00 93.841 TOTAII 19.05 1

C-58
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/2593) 1. PAGE 1OF 1

Siorage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

1 certify that a physical inspection of the waste package to the extent 9. PIN RTLE54
possible and a cross check of the applicable documentation have
been performed In accordance with SW-1 050 or SW-100-110. 10. Waste Generalor Lawrence Berkeley Laboratory

2. -inw 2 J1I'- Charge Code, SONo.,orMPONO. 35270 0

3. AreaZO/O(v 4 Facily 12 WRMNo. 9410-0174

6. SoagLocation(SO1) 13. NameofContact David Steffen/susan Jahansooz
Lsawrnce Berkeley Laboratory, one

14. Address Phone Cyclotron Road, ailetop B75B-101,
7. Disposal Locaton Berkeley ca 94120 510-456-5251

1 certify that: (1) No capital property ia included in this waste unless

n documented by a Property Disposal Rquest and described below. (2) To the
BenrigCoordnasN W A2-::07 beat of my knowledge, the inlormation entered below is complete and
Endng Coornaes N 9i 0 ) W 7accurate. and the wais package La in comptance with WHC-EP-0053 and Me

StoragDisposal Approval Record (SDAR[ (3) Unless designated a
Radioactive Mixed Waste (RPW this waste Is not a dangerous waste is

REFERENCES defind by Chapter 173-30 WAC or other applicable stats or federal regulation
governing the management of hagardous waste. (4) The Clerge gode is

I& RSR No. 1/A 17. SDAR No. 87-1C-3J.441 correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A 5 n Date 9-23-94

2 Wast Designaton a Category I 0 Category 3 [] >Category 3 [ RMW E Classified

21. Point ofOrigi N/A 30 Waste Category 31,Waste Code (Check One)

22 Contaner Type 55 gal drum 23. LxWxH or DxL 24"dia x 35" height (Check rn) 3 FW DI-t DCL 3 E
[jBW OC HDESL D GL O CMV D1N

24.Conl.Vol.() 0.2 25. Tare Weight (kg) 25 3 ODS ElN 0DM SO O PB G
& Deta Padekged 8-31-94 2. GrossWeight (kg) 91.17 O CE 08ss 0 LM [IPA

28 Tharnal Power H <0.1 Wft 29. Dose Rate (mrem/hr) <0.02 at I cm 32. Seal No,

WASTE CONTENTS DESCRIPTION

Article -- scription I3' 4. 3um 1 t 3n 7.t C u as 38. Wlh u 04)
Akle Desipion stirnated Est, R IdiO- (sio/Afivation (TAU raru

Volurno Wpight (Ng nuid Prou= only) land Thoronly)

10 mil liner

AnLicorrosion rad pad

Absorbant (suprfinel

Silica gol
Metal (cans)
Plastic (bags)

1.00
1.00

49.50
39.00

9.50
1.00

2,00
1.00

24.1-
28.50
9,50
1.00

H-3 19 Ci

39.ToTALI 100.00] 66.17 TOTA1 19.

C-59



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, &259) 8. PAGE 1 OF 1
Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent a pIN RTL6O94
possible and a cross check of the applicable documentation have
been performedinaccordancewith SW-100-050orSW-100-110. 10 WasteGeneralor Lawrenoe Berkeley Laboratory

2 Signlureicc t.ngt iDae c 11 ChargeCode.,SONo..orMPONo. 3527800

S Arta24t 4 Facility '- & Unit 12 WRMNo. 9410-0115

& Storage LcationtSO1) 13. NameotCcntea David Steffen/Susan Jahansoor

Module Tier PlI III I I Lawreno* arklay Laboratory, one
14. AddmsPhone Cyclotron Reed, Mailetop 87s5-101,

7. Disposal Location Berkele$ CA 9420 510-46-5251
I certIfy that: () No capital property Is included in this waste unless

Begirnig Coordinas N 0 w 74707 documented by a Property Disposal Rqueat and described below. (2) To the
beat of my knowledge, the Information entered below Is complete and

Endng Codinaes N / 06 0 w 7 accurate, and the waste package Is In compliance with WHC-EP-008s and the
Stowage/DIspoal Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW), this waste is not a dangerous waste as
defind by Chaptiar 173-30 WAC or other appilcable state or lederal regulation
governing the management of hazardous waste. (4) The charge code It

16. RSR No. WA 23/ '1 17. SOAR No. 87-C-3J-0401 correct.

18. DOE NRC 741 No. N/A it PDR No. N/A I& signatu Dale 9-234

2D waste Dgsagntion Category 1 E Category 3 0 >Category 3 0 MW [3 Classified

21 Pout ot Origin N/A 30 Wase Category 31.Waste Code .A (Check One)

22 Contanr Type 55 ga drum 23. LxWxH or DxL 24"dia x 35" height (Check One) .; FW Sw
24. Cont Vol. (rn) 20S 25. Tam Weight (kg) 25 0 DS * 01 f3 D1w
X Date Padcaged 8-31-94 27. Gross Weight (kg) 96.62 t" CE 13 SS 5P iM [ PA 4
28 Themial Power <0. Wit 29 DoseRate (mrem/hr)<0.02 al 1 cm i2a SeelNo.

WASTE CONTENTS DESCRPTION

Article Description

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

~3 4. 3. Cuies 38, We t (g)
Estiomaed Ee WRadni od tssoACbAbon (TRU, rmanumy
Volurne sWeigt Ikg flUC du~kcts only) Iand Thodumn only)

1.00
1.00

49.50

38.00

9.50
1.00

2.00

1,.00
29.62
28.50
9,50
1.00

11- 19 N

39. ToTM 100.00 71.62 TOTA 19,

9

C-60
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/25M)- 8. PAGE I CF 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I carlity that a physical inspection of the waste package to the extent 9. PIN RTL6194
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-OSO or SW-100-110. 10. Waste Generatir Lawrence Berkeley Laboratory

2. Signamu Acceptance Dale 7-K Carge Code. SO No., or MPO No. 3527 800

. AMa. 4 Facility £ Unit 12 WRMNo. 9410-0176

6. StorageLocao~n(SO1) .13 NameoiContact David Steffen/Susan Jahanaooz

Lawrence aerkeley Laboratory, One
M14. Adress Phone Cyclotron Road, bailatop 3753-101,

7. Disposal Location RkaaelSa9 Ch0A 4120 D5-406-5251
I certify that: (1) No capital property is Included In this waste unless

Beginnig Codinides N 1 c 'C) W documented by a Property DIsposal Rquest and described below. (2} To the
best of my knowledge, the Irrormation entered below Is complete and
accurate. and the waste package is In compliance with WHCEP-0063 and thendrig CNW ~ Storage/Disposel Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW), this waste is not a dangerous waste as
defind by Chapter 173-30 WAC or other applicable state or federal regulalion
governing the management a hazardous waste. (4) The charge code Is

6. RSR No. /A 17, SOAR No 87-IC-3J-0401 correct

is. DOE NRC 741 No. N/A 19. PDR No. N/A 15. Sig Data 9-21-94

20 Waste Designation H Category 1 [3 Category 3 [ >Category 3 [3 FIW [ Classified

21. Point of Origin N/A 30. Wast Category 31.Waste Code (Check Ore)

22 Container Type 55 gat drum 23 LxWxH orDxL 24"dia x 35* height (Check One) 3 FW 0 M [ CL OV W
24ContVo 3) 02 2. TamWeightkg)253 BW DD M SL D GL 3 CM E 1W

- 13Q .DS 1 NC E DM 0ISO C PB I NC
26.DalePadcaged 8-31-94 27. Gross Weight (kg) 104.33 O CE [ SS J LM C PA

21. Thermal Power H <0.1 W/ft 29. Dose Rate (rnrem/hr) <0.02 at I omn j2 Seal No

WASTE CONTENTS DESCRIPTION

33. Arlte Descrpton37 C14es 138. We ht (g)EstImated Est. Radio- I(Flsion/Acfivation (TRU, Irarium,
Vohsme Weight (kg nudidt }Piducts Ay) Iand Thorum only)

10 mil liner
Anticorrosion rad pad
Absorbant (Superflnse

Silica gel
Metal (cans)
Plastic (bags)

1.00
1.00

49.50
38.00
9.50
1.00

2.00
1.00

37.33
28.50
9.50
1,00

P-31 19 ci

. ToTAL 100.001 79.33 TOTAI 19,,

C-61



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 82,9) 8. PAGE 1 OF 1
Storage/Disposal Information 1. SWSDA No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent a PIN RTLA294
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-D50 or SW-100-110. 10. Wasts Genemrlr Lawrence B. rkeley Laboratory

:2 Sign- ure Ac Dai - i1. Charge Code, SO No., or MPO No. 3 527 8 0 0
3.MZ.!4. 4 Facilt Zr4/-/ , Unit -12 WAM No. 9410-OL77
6. t Lo -() 13. NeneolConect David steffen/Suaan Jabansooz

Module Tier PcbIort 1 eawrence Berkeley Laboratory, One
4AddetPhone cyclotron Road, Nailetop B7 53-1,01,

7. Disposal Locaton Berksloy CA 047JO 530-486-SS
I certify that: (1) No capital propery Is Included In thIs waste unless

Beginning Cooslrites N (p t / O6' w 7$ ?O 9' documented by a Prope"ly Disposal Rquest and descrbed below, (2) To the
best of my knowledge, the Information entered below Is complete and

EndIng Coordnates N 1 o w- 7 / 91 accurate, and the waste package Is in compiance with WHC-EP-00a and thejstoragsDisposal Approval Record (SDAR). (3) Unless desIgnated a
REFERENCES RadIoactIve Mixed Waste (RMW). IhIs waste Is not a dangerous waste as

delind by Chapler 173-30 WAC or other applicale stale or tederal regulation
governing the management oi hazardous waste. (4) The charge code Is

I8. RSR No. N/A73 3 17. SDAR No. 87-1C-J-401 correct.

I& DOE NRC 741 No. N/A 19. PDR No. N/A 15. Sqntjm@ Dab 9-23.94

20. Waste Designwon H Category 1 0 Category 3 0 >Category 3 C AW [ Classified

21. Point of OrgIn N/A 30. Wase Cehgo . 31.Wast Code - (Check One)

22. Container Type 55 gal drum 23, LxWxH or DxL 24dia x 35" heIght (Chek One) 0 FW 0 W- [2 CL 0 Wt-
24. Cont Val,(m) 0206 2 Tare Welght (kg) 25 O3BW D D I SL O GL DI l 0~W

0 DS E Nc 0 DM 13 S O DP 3 NG
23 Data Packaged 9-1-94 27 GrossWeight (kg) 117.OO [ CE SS 0 LM O PA
28. Thelma Power <0.1 W/t 29 Dose Rate (mrem/hr) <0.02 at I cm 32 Seal No.

WASTE CONTENTS DESCRIPTON

3. Artile Desciption 1 a. 1 37. C.nis 3%a Wet (g)
Eelmated IEt Raio- ILFa*nActmaton (TRU, Uranium
Vo$0'mffa*%Wd.4 ght Pk1 n u mcbd t only) Iamd Thoim o'y)_

10 mil l iner
Anticorrosion rad pad
Absorbant tSuperfine)

Silica gel
Metal (cans)
Plastic (bags)

1.00

1.00

37.00
48.00
12.00
1.00

2.00
1.00

40,00
36.00
12.00
1.00

M-3 19 c1

39TOYAL 100.001 92.00 TOTA 19. I

C-62



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, 6/693) 8. PAGE 1F 1

Storage/Disposal Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physicat inspection of the waste package to the extent 9. PIN RTV&494
possible and a cross check of the applicable documentation have
been performed in accordancewith SW-100-050 or SW-100-110. 10. Waste Generaor Lawrence Berkeley Laboratory

2. St rics Dab - 0s 11. Charge Code, SO No., or MPO No. 3 5 2 7 8 0 0

3. AreeZ6V4& 4 Facility V7/f-/ ?J9 5. Unit 12. WRM No. 9410-0179

. StrageLcation(SO1) ia Nameof~onact David Steffan/Susan Jahansooz
Lawrence Berkeley Laboratory, One

IAcce Tier Potition 14. Address Phone cyclotron Road, ailatop 975-101,

7 DsposalLocaton 
Berkeley CA 04720 510-486-5251

o certify that: (i) No capital property is included in this waste unless
AY 7documented by a Property Disposal Rquest and described below. (2) To the

Beginning CooedInIels N-Y & 0 6' best of my knowledge. the information entered below Is complete and
Ening Coordnabes N d 4) W 

7  3 accurate, and the waste package is in compliance with WHC-EP-0O83 and the
Storge/Dasposal Approval Record (SDAR). (3) Unless deaignated a

REFERENCES Radioactive Mixed Waste (RMW), this waste is not a dangerous waste as
defind by Chapter i73-30 WAC or other applicable state or lederal regulation
governing the management of hazardous waste. (4) The charge code is

16. RSR No. N/A ,217. SDAR No. 87-1040401 correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A .Dole 9-2

2D. Waste Designation 8 Category 1 0 Category 3 0 >Category 3 [ FaN [ Classified

21. Point of Oign N/A 30 Waste Category 31.Waste Code (Check One)

2. Container Type 55 gal drum 23. LxWxH or DxL 24"dia x 35" height (Chock One) Q FW 13 0- E CL 3 W
Q BW 01) *DESL OGL 0 CM 01"W

24. Cont Vol. (M3) 0208 25. Tam Weight (kg) 25 ElDS N 01 [] DM 08 0 OG PB N3

2G.Date Paceaged 9-1-94 27.GrossWeight(kg) 112.04 Q CE SS [ II ( PA

28. Thennal Power M <0.1 Witt 2D. Dose Rate (mrem/hr) <0.02 at 1 cm 2 Sea No.

WASTE CONTENTS DESCRIPTION
34. 3. 13t 3T Curies 38. Weirt g)

33 Auttde Desciptton Estimated Eat RLd- (Fission/Activation (TRU, Uranium
[Volume Weight (kg nudcle Products only) and Thorium only}

10 mil liner
Anticorrosion rad pad
Absorbant (Superfine)
Silica gel
Metal (cans)
Plastic (bags)

1.00

1.00
47.0C0

40.00
10,00

1,00

2.00
1.00

43.04

30.00
10.00

1.00

H-3 16.02 ciL

.TOTAL 100.00 87.041 TOTAI 16.02

C-63



DOE/RL-2014-43, REV. 0

LOW-LEVELWASTE STORAGE.DISPOSAL RECORD (REV2, 65/W) 8. PAGE 1 OF -1
Storage/Disposat Information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTL94
possible and a cross check of the applicable documentation have
been perfonned in accordance With SW-100-050 or SW-100-110. 10. Waste Generator Lawrence Berkeley Laboratory

2 rau A pan DST O 1. ChaWge Code. SO No., or MPO No. 3 5 27 8 0 0
&Aea200Ce 4. Facty 2/ 9-- H / & Unit 12. WAMNo. 9410-OISG

&S e Localon (S1) . NW OfCOnt David Steffen/Susan Jahansooz

Module Tier Poion awrece i.ely Laboratory, On.
SPositiene14. AddrassPhone cyclo Mailetop 75s-101,

7. Disposal Location Berkeley c:11720 $10-051
I certify that: (1) No capital property Is Inckuded In this waste unless

BDgrnnng Coordls N 4" 4 O ~ w 76 ?'of' documented by a Property Disposal Rquest and desctibe below. (2) To the
best of my knowledge, the Information entered below is cotlqete and

Endng Cooidnates N 9 6 C w 7 f/ M 3 acure and the waste package Is In compllance wIth WHC-EP-0003 and the
Slorage/Olposal Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioactive Mixed Waste (RMW). INs waste Is not a dangerous wast. as
I dedend by Chwepr 173-30 WAC or other applIcable StIe or lederal regulaton

I governing the management of hazardous waste. (4) The charga code is
le RSR No. N/A Z 5 3 117. SDAR No. -C4-04O1 correct.

1& DOE NRC 741 No. N/A a PDR No. N/A 15 Si&nature DaSk 9-23-04

20. Waste Designator H Category 1 0 Category 3 0 >Category 3 0 FYW 0 Classified

21. Pointof Otin N/A 30. Waste Category 31.Waste Code (Check One)
2. Contaner Type 65 gal drum 23. LxWxHOrDxL 24"dia x 35" height (Check One) []FW [3-M L CL O E
2 Cont.VoL () 02 25TatWeight (kg)25 - DBW DDD SL O GL 0 CM D TWDDS N NC ODM DSO D PB C NC& Date Packaged 9-1-94 2. Gross Weight (kg) s6.e 3 CE 0ss- 0 LM D PA
2. Thermal Por * <0.1 Witt a Doe Rate (mrem/hr) <002 a lem az Seal No.

WASTE CONTENTS DESCRIPTION

33. Ar[ Description 34re 1 Weit (g)Esimmried Eat Rad- FisUOn/ACiVtion (TIU Uranium,
Voume Weight bt hk lida pmduft onl and Thorn ony)

If l~ -- ___rvJtnA ________
1- M I ner
Anticorrosion rad pad
Absorbant Superfine)

Silica gel
Metal (cans)
Plastic (bags)

1.1 V
1.00

67.00
24.00
6.00

1.00

2.00
1.00

33.18
1i.00

6.00
1-00

8 .02a. 0 C1

3. TOTA 100.00 61.18 TOTAI 0.02

11
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2, /25/93) 8. PAGE 1F 1

Storage/Disposal information 1. SWSDR No. (DO NOT WRITE IN THIS SPACE)

I certify that a physical inspection of the waste package to the extent 9. PIN RTL6694
possible and a cross check of the applicable documentation have
been performed in accordance with SW-100-050 or SW-100-110. 1a WaseGeneraor Lawrence Berkeley Laboratory

. sipftre Accepnce J %:,, oat. ? -3Ct 11. Charge Code, SO Nn. or MPO No. 3 5 2 7 80 0

a. Ara2z . 4 Facility~ 3/ 1 5. Unit 12. WAM No, 9410-0181

& StorageLocation(SO1) la NarneolContact David staffen/suman Jahanmooz

Modi.e Tier 14 awrence Brkeley Laboratory, One
dTrC14 Pn yclotron Road. Mail.stop B75B-101,

7, Disposal Location Berkeley CA 94720 510-486-5251
Scertiry that: (1} No capial properly is included In this waste unless

BAimngC dna N / -W documened by a Property Disposal Rqueel and described below. (2) To the
beat ol my knowledge, the Inlormatlon entered below Is conplete and

Endng Coorinabas N L ( 6 f w accurate, and the waste package is In coeytlance with iWHC-EP-0063 and the
Storag/Disposal Approval Record (SDAR). (3) Unless designated a

REFERENCES Radioeclive Mixed Waste (RMW). tis waste Is not a dangarous waste as
dfind by Chapter 173-30 WAC or other applicable state or federal regulation
governing the management ol hazardous waste. (4) The charge code Is

16L RSR No. N/AZ,) 793 17. SDAR No. 87-1C4-0401 corr.

It. DOE NRC 741 No. N/A 19. PDR No. N/A 15 Signatre DJe 9-234

2a. Waste Designaton B Category 1 0 Category 3 O >Category 3 [ FMW 0 ClassifIed

21 Point olOrigin N/A 30. Waste Category 3.Waste Code (Check One)

fl Container Type 55 gal drum 23. LxWxH or OxL 24*dia x 35" height (Check One) 0 FW [] 1 [ CL O WE
Q BW or BDESL DOGL O W 0 1W

24.&Cont.VoL (m3 ) 02S 25. Tare Weight (kg) 25 DS Bt NC - 0DM 06 0 OG PB O
2& DatePackaged 9-2-94 27. Gross Weight (kg) 124.28 I CE 3 sS LM O PA

2B. Thernal Power 3 <0.1 W/ft 29. Dose Rate (mrern/hr) <0.02 d 1 cm w- Seal No.

WASTE CONTENTS DESCRIPTION

A[e Dewpon 34. r . r, 137. Curies 38. Wai't (g)
Estinated Eat Rad- (Fission/Activation (TR, Uraniunm,
Vokme 'wgt (kg '>dide jProducteoy) land Thodumonly)

10 mil liner
Anticorrosion rad pad

Absorbant (Superfine)

Silica gel

Metal (cans)

Plastic (bags)

1.00
1.00

34.50

50.00
12.50
1.00

2.00
1.00

45.28

37.50

12.50
1.00

1--318.07 ci 9

39. To o 100.00 99.281 TOTA{ 18,07
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Chj34;)
Low-level Burial Grounds

Mixed Waste Disposed in Unlined Trenches Since 8/19/87

21 8-W-3AE 5 6803-1 ([T
21 8-W-3AE 5 2345Z-87-
21 8-W-3AE 5 Sciu, ? 340-87-02
21 8-W-3AE 5 340-87-02

L4 (P Vq N~ 6-? \

LI LO Pz (0 /i -)2 0 itW NIO(% w 2hlotoa
rlI 9(w w h7& - ( 6

d btS ', ( 4 7Vo70

IV) 9/24/87
0027S ?T? 10/30/87
46S vnwL 11/9/87
47S p, 11/9/87

deons with siiver D311) PTO L
aluminum nitrate (DO01) -to- , ,-76
lead t Li
WTO2 for Be(?)

y / 4 Ft ,10 k 2? o

/ L bI Vy W '-? 6-12

C-66
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ISPOSE
DATE LOG#f

cc4 92687 0001

F -ALS.

3rd QUARTER 1987

IND 200W 3AE TOS (108)TRWSG-TAW

CU. !'. TYPE NO ACCNT WEIGHT ISO QUANTITY TC TYP 9G C0E
----- ----------------------------- 

--- -----------319.20 CB 43 TR 6985.00 UN 296100.00000 TOS I0 3AE Th

C~ 0.00100tie 66000.0000o

318.20 6905.00
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RockwkII Hanford Operations
I-Ro- SLI D WASTE BURIAL RECORD- O LEVEL1

USE BLACK BALL POINT PEN OR TYPE

DISPOSAL SITE Thi. prti o o ha com'l'teI by
Area "i- 11 Pr1s1n.hs 1 O'stosal war, .WA 'E GEMR ATIOdRN

2uia GrDO rn N-E Auth.,lont No.

-aIr -* obalin1 Coorar. W 
re one cO

. 7 O Space Park, Redondo Beach, Ca. 90278

Nw - ZkZ.-..I Certify that: I- No capta property is included n this burial uneigs
et I Request and descrIbed below

Th wnepakgedecrplo below Is co"Fplte anid the riessepac rm-ge o Ior to RHO.MA.222 andIn aproved urIa Comptolnsr.Arpis at. once Chgctsshaet gBCj* f(a ura opj
The charge code is corret-,

-J 7 Sgnature
WASTE DESCRIPTION
1o113 sTIBLE MATERIALS N"oCNTAINER INFOR TD-

NONCC SUSTIBLE MATERIALS Quactiy & Ne -

5 GallonPetr Podcts% auGlosGsl Hanford St andard
P la stic Ao C o n c re to- - -Jo D rumC 1NT IrU Td 0

AoA 5 % s5 AND A N Other: .. 2A4)E

-rI o p i% D t.ur F ltatCfismrtst

Tot
qq TraNu er rasation No, P OPorty Visoosal Re qust No.

8AZARDOUSIC0480SWE CONsTiTUENTS II

MeasuementMetho

Namie. Quantity (Lr Kg) Volume 54 0 Poun-s
Silver n

-----~VII .9 g. ATE CATEGDAJES ak

Canar .J TFS 
mar.ks:0

Pin Ds Cr 7
E O SS

-- Thormal Pbker!

-1 or less -

Other
RADIOACTIVE MATERAL CONTN

AND URNINMN-RANSURANIC

-"ol"Pic Oiltribulion IWt %I G'o's

Weihtru n l - -Curie&

U Delet Uranin 66

"aluemen Who&_J
GaffmDetermined

DI STRISUDOI'': While -SWPOU 2750 EQ0OF --
C;anary -TFS 272-W/20o WPink - Fillurn to Shipper 200.W $4-3000.581 (r,85)
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- ockwell Hanford Operations SOLID WASTE BURIAL RECORD - LOW LEVEL'
I I .:

USE BLACK BALL POINT PEN OR TYPE SWER NO....& - -a

DISPOSAL SITE Ipron ow orm, to . conr l - WASTE GENERATOR: 7
RokelRapraeotaswat At Olspohel site*,r C~ . 0CAiorano o

Art Euwial Ground No. Tranch No. 4 7 E A.

moo~ 7: 6g Addraeshono

Catesow No Baginnng .Cos rats.. TRW SPACE &TECHNOIOGY GROUP
N One Space Park, Redondo Beach, Ca. 90278

Endin C15-53 2e-
W.I certify that: ) No Capital property it Included It this burial unlessN -n- documented by a Property Disposal Request and dsocriboi bolowa.

Rersark- 2 The waste package description below Is corlptewoarid the waste-4r 'StPackage conforms A-222 and the approved Burial Compil.-
3. T har i sb

- Signatur -- D 7
-WASTE E RflNCONT iNER INFORMATXN -

COMBUSTIBLE MATERIALS NONCOMBUSTIBLE MATERIALS Oulnti & Nam HanFord Stedard
Paper Products Glass % a Fiberbo ard Bone

Plastic 15 % concte

Cloth 5 % Stoinless Steel

Rubber % Other Metals 1.2a

Dimeter or bangs x Width Height
%,Z2 1/2 34 13/16

%9% 
Mat I of Constructi

Total - Nuotal lar a No. Prryr Dispola Request No

-,HAZARDOUS/CORROSIVE CO N UE TS Tojet Cu F . P9und -

Name (Lb or Kg o urne GrtssWaight K ilogram

Silver 0.9 STE CATEGORIES. Remarks:

CD GNC --

Thermatl Power:
0.1 wlt or less

Other
RADICACTIM MATERIAL CONTENT

TRANSURANIC 0 URANiUM NONTRANSURANIC
Total .Grams-

Seiment Isotopic DOlribut Wt %! Element -isdtope or
Weignt- Curies

U Natural Uranium 290.1 Kc - 7 ; -- l
U Depleted Uranium 6.2 K 23

Totals . 7A2
Messuremeni Method: Determined By:
Ganna Spectrometric or weighting D. Han

DISTRIBUTION: White - SWPDU 2750-/200 E 54-3000-581 (7
Canary - TFS 272W/200 W
Pink - Retum lo Shipper 200-W
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9MlC FRMN1
NGNY or-caco
cin uvE Wi CPR 3. A. I,

iso P.hA. L...-M.9343.L25

) 1 2 2 0 9 1 0 3 9 4
U.S. 0SPARTMhNV CF NEnGY AnD A-L NUCLEAR MEWULAtCHY COMMSZICH

NUCLEAR MATERIAL TRANSACTION REPORT

I -s I 1u .. I..-7- 7 ....

TRW Space 6 Defense Westinghouse Hanford Co.
One Space Park MS149/1358 P.O. Box 1970
Redondo Beach, CA 90278 Richland, WA 99352

. . A. Larson .. t...,,. B. EWsaVr
- (2 (509) 373 4585

I....Ic.- WnS tn - . ns-.-. &C---,,.

?1f*. ml.. .A . l.a . .. fi S.*...... 1,.

Normal and depleted uranium scrapand dry waste. shipped
in 77 55.gal drums numbered 6803-1 throwgh 6803-79. Drums H

4AM-A.-fl AisIt-sA frnm-nhipment-
A SISCKUNeaSOI4l..,...... ... m

A am "at::

S I

.agna.. .. ..

11 Y ;aJ_.

rFF= .r, R--eIe LINI Ia .1 I= , lTI

W. A. Larson 9/28/87

I I I I I I I

"tic
VUC-LAA
VUC-IA
LAA

* a.. j ,- 4

M :MCCIVEIDATA N.
F ..-.- '.-. ... c .C-L....n..........4L..f d.-

C..-'-c-

0
0
m

C:)

C

I"KA A jIECMI I f is A j sUcIflI I

C)

AflSWa I GAO
a-tn..MM

E .... nai[ samouse..seanne.i je..esuvmensi rastromenom m. e.emenes n. necessons.o..4emesi.......ac.....nene,.

we"Ti

i
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App"re~i~he 00,4e Wway .o-o ma~oftes:
a.n or too fiw, Irsp* If 0 oh Basrrsertn

UNIFORM HAZARDOUS '- Generaiasr US EPA P No, t. elt . Page I
WASTE MANIFEST C 1)y9 8116 .51 4 1 5 nfI s no In th byaedau

2425 Manhattan Beach Blvd.
4. 112sB431h&f3 g3 114 6 90278 '. -hh
C TranspolrtICgrrpamtNaue a, US EPAiD NumhbO,.W

TRI-STATE MOTOR FREIGHT P 093DI O9 951 O 18 [9 9 A 47 TIansponer 2 Company Naqe 0. US EPA ID Numbee E

. asigeied cility Name and Site Addre.. t US EPA . ..er - . -.

U.S. Dept. of Energy/Westinghouse Operation ANAW to
Tank Fans Service . ...
2401 Stevens Drive; 1167/1100 . A 71 8 91 0 00 8 9 1& 6 "4'>J .

I r 1hlpphD Name, Hazard Cios. and is Nober It CoMbiner . Total 14.

No. Type wttvoa Waste Radioactive Material, LSA, N.O.S.
Radioactive Material (UN2912) RQ 4 3 D H 0 6 9 8 5 p 1r1

S . - -. ss ;

na T EPAYO ar,
EL

Ab

T

d. 
t

"edIng Codesl Io Wals LWI oe

-f-'r q - T'..eigltrgperdcontact
1. cast NediiNg nthrloa ad Additioal inataos

C1O Emergency Contact: TRW Security Return Manifest to: W.T. Panos
(213) 5 36r-1114 TRW Inc.

One Space Park 140/2302
-. _djd ea ueat. 7028.GOENERATOR'S CSRTIICAfloN. I hereby declin, that 1n contents ol Ihi consignmeM are lMhy and ecOrately described above by proper shippicneros and are c.as.fted. pcked., marked., ed labeled, end are -- all respecs in, proper condition for traspot by highway aecording to sytrtcabC2 d eoterrrtionai and niational governmnt regelationst.

.11 am a large qantity generator I cattily that I tay. a program In place- to reduce the volume and toxicity of wasie generated to the degree I haydemined to be sconor.catly pra.teb e. n that I nave etected the practicable method al iresatment. storage. ow disposal ocuoerly avelable0 me wch rtcnismnesa the pnesent and iure threat to human heath sand the envirooment; CI.0 I ant a strnait quetity, generetor, I hone mode a oetaith effort to minicre my waste cenaration sad select the best waste managmeni method that is stoitahie to me and that I can afford.
SlPrinted!yped Nes 

DayDavid Han (For TRW)

1 tO ren.Podler I Acknowtedoernt oleceipt ot Neisats
N PArntedtTypad Name 

- Signal. lrrrath Day

o 1 TroepOrrae, 2AcnoWieoene s., Recei oi Magirleisor T Prhrtad#Ttped Noae Signetur Won1h bayI

It. Dtlsrapeaey indication Spae
F
A
C

L
I eolniy Der or Operator Certicatho at receipt i hazerdons materiae ovpred by thie matest except as noled In Rem IS.T Pteri ped Haste 

-ttir ot a
Y MEUE . Mo f Z4

ElS S000 an White: TSDF 5ENDS THIS COPY TO O WTHIN 30 DAYS INSTRUCTIONS ON THE BACKE P A '70 0 -.
,(site. 9-943) Prenota editons are ohearete. To! P.O. Box 3000; Socromtnto, CA 95B12
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.. 4 -. 3-.r -

TRW Operaions & One Space Park
Suppout Graup Redondo Beach CA 90278

213 35.4321 RECEIVED

OCT 2 11987

S. H. Nflixr

Oct. 13, 1987.

Westinghouse Hanford Operations
2401 Stevens Dr.
1167 Building, 1100 Area,
Richland, Washington 99352

Actn: Mr. B. F. Weaver, Manager

Dear Mr. Weaver,

In reviewing the documents which accompanied the shipment made by TRW Inc.
to your facility on Sept. 24th., 1987, the following errors were
discovered:

1. On the Solid Waste Burial Record for,.qC4p.proval Number 32-IA-7TM-0,
the total elemental weight for the Depleted Uranium was ih error. The
enclosed Solid Waste Burial Record, wi L~t he corrected weight, replaces
the previously submitted form.

2. In the group of waste under BCC Approval. Number 32-IA-7TM-0, drums
marked 6803-3, 6803-11, 6803-18 to 6803-42, do not require the EPA
Hazardous Waste Sticker and the 166e!Rl4" because thtey contain
only contaminated dry soft waste without any Uranium Plate.
Please obliterate the EPA Hazar.dous. Waste Stickers and the narkin4
"RMW" from these drums,

Thank you for your assistance in correcting these errors.

Sincerely,

David Ilan
Sr. Ilnulti, Physicist

EMUc I

Il/ r

C-72
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A -

' 4 TRW -7? WR5v @, -T&,LV P7- /

RADIOACTIVE MATERIALS SHIPPING DATA SHEET

IPMENT NO. IDATE TAUTHOMIE0 BY CCC 50M TRANFER

87-9-2 9-18-1987 D. Han - 5471 LBM-VUC-0001

HIPPED FROM: SHIP TO:
TRW SPACE & TECHNOLOGY GROUP U.S. Department of Energy
One Space Park, c/o Westinghouse Hanford Operations
Redondo Beach, Ca. 90278 B.F. Weaver, Manager

Attention: W. A. Larson (213)536-2905 Tank Farm Services,
2401 Stevens Dr.,
1167 Building, 1100 Area,

Lce.ns. No. California 0816-70 - u~iVltand, Washington 99352

p1 , TOTAL RADIOISOTOPE FORM FISSILE
CURIES/SRAM$ (mNMI 10MMK NORMAL - DESCRIBE CLAS

3, 5-7, Normal Uranium, Kadi active Material, LbA n. .-
9-12 Scrap, contaminated dry Pper, p1 stic, metal and har ware. ------

14-42, 45. UN2912,271.9 Kg T§719W
Jooxx 0000000OOOD00COODOooc DoO0LXoDOOoOooLoC MOM xXK0ooooXX 00000000=

T,13,4 4. Normal and Depleted U ranium, Rz aioactive Material, =, .
Scrap, contaminated dry paper, p astic, metal and ha dware.
UN 2912, Normal Urani = 2WT. / 7g.ia -1 . J4 _i .-

Depleted Ura ium = 66 Kg., 46.2 mCi.

FOR TRANSPORTATION EM1ERGENCY, COSTACT TRW SECURITY ( 1-21 -536-1114)

1-3p 8Ao 2  
PKG 3 PKG 4

PACxAE TYPE A A

DOT SPEC CONTAINER 7A YA

TOTAL QUANTITY (nCi Uranium) Total J mCi., ( Kg UNat.

AEMOVABLE CONTAMINATION None None

SURFACE RAOIATiON LEVEL IMREN/HR) see attached

TRANSPORT LNCK see a tached

TAMPERS EAL Yes w toand crimped seal

DOT LABEL APPLIED 
- a hed

METHOD OF TRANSPORT: Surface Vehicle

C ER TIFICA T E:
This is io cedify that the above named arftcleie re prop erLy'cassiied, described, packaged, marked and labeled and
are !R proper condition far iranspouiaiion, according In ith'e'appicabie regulations of the Department of Transpolation.

SHIPMENT SLRVIYIP'I

SYSTEMS 4556

v,! : ,?k ,

C-73
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SR s rOPs oTO R

RADIOISOTOPE INVENTORY

SHIPPING
SURVEY DATJ
SH ET ATTAC

WI = White
YII = Yello

LfAOIATtON SOURCE REQUEST NO.

DATE 9-18-87

Normal
RADIOELEMENT

Uranium

OepletekUranium
Normal Uranium

I-,
C

Deplete Uranium
fbrmal Uranium

C:

'IV

lepletei Uranium
Normal Uranium

CONTAINER NO.OR SERIAL NO.
6803-1
6803-2
6803-3
xlea .
6803-5
6803-6
6803-7
6803-8

6803-9
6803-10
6803-11
6803-12
6803-13

6803-14
6803-15
6803-16
6803-17
6803-18
6803-19
6803-20
6803-21
6803-22
6803-23
6803-24
6803-25
6803-26
6803-27
6803-28
6803-29
6803-30
6803-31
6803-32
6803-33
6803-34
6803-35
6833-36
5803-37
6803-38
6803-39
6803-40
6803-41
6803-42

6803-45

.1-~ PIIYSI
PHYsSTA

Solid
paper,
plasti
metal ,
hardwa

QAi-MYI
QUANTITY

CAL
TE -w
Scrap none

none
cs none
and a_.
re. none

none
none
none

none
-one
none
none
none

none
none
none
none
none
none
none

none
none
none
none
none
none

none
noneoe

none
none

'none
none
none
none
none
none

none
- nbne

7.6 (5.32
21.4 (14.98
0.4 -(2.80

23.2 16.24
20.1 14.07
13.8 9.66
26.0 18.20

20.2 14.14
5.3 4.41
2.4 ( 1.68

25.9 (18.13
0.1 (0.07?
36.0 (25.20'
19.7 (13.79
14.2 (9.94:
3.3 (2.31

12.4 ( 8.68
37.8 (26.46:
0.1 ( 0.07:
0.1 0.07
0.1 0.07
0.1 0.07
0.1 0.07)
0.1 0.07
o.1 0.O7

-0.1 (0.07
0.2 (0.14
0.4 (0.28
0.1 (0.07
1.4 (0.98
0.1 0.07
0.1 (0.07
0.1 (0.07
0.1 (0.07
0.1 C0.07
0.1 C0.07
0.1 (0.07
0.3 (0.21
0.1 (0.07
0.1 ( 0.07
0.1 0.07
0.3. 0.21

. .i
38.7 (27.09 0.6 0.2

C-74

CUSTOnIAN WI" A I

INVENTORY LOCATION 10A

-7--7

I ron

uuuu~xxnrnr

'

.0.

Ii
ainay/r IM.

0.4 0.j
0.5 0.1
0.1 0.1

0.25 0.1
0.3 0.1
0.5 0.1
0.6 0.2

0.4 0.1
0.3 0.1
0.2 < 0.1
0.4 0.1
0.38 0.1

0.3 0.1
0.8 0.2
0.2 < 0.1
0.2 < 0.1
1.2 0.4
0.1 < 0.1
0.1 < 0.1
0.1 < 0.1
0.1 < 0.1
0.1 < 0.1
0.1 0.1
0.1 < 0.1
0.1 < 0.1
0.2 .< 0.1
0.2 0.1
0.1 0.1
0.4 .0.1
0.3 0.1
0.3 0.1
0.3 0.1
0.1 < 0.1
0.1 < 0.1
0.1 < 0.1
0.1 < 0.1
0.1 < 0.1
0.1 0.1
0.1 < 0.1
0.1 < 0.1
0.2 < 0.1
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DISPOSE

-4 10 3 087 0001

rTOTALS...

4th QUARTER 1987

IND 2D0W 3AE TOS2345Z-WHC ( 65)

WST

CU. FT. TYPE NO ACCNT WEIGHT ISO QUANTITY TCH TYP 3G COX

---------------------------------- -----------------

15.00 CS 2 I3OK 189.60 CI 0-.00100 TOS I 3AE WiOC

43SZ-Yo7- 00A75'
15.00 189.60

C-75
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VS Z. - 17- 4r 7$
.95C A2y S

Rockwell Hanford Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

uSE BLACK BA k POINT PEN OR TYPE SWBP NO c 1 Y7-1
DISPOSAL SITE Z '' ' ief WASTE GENERATOR - /--

,,s.tos Nol R a.aDOE.to Authm N-

A966W- i ;. 94 6 32tn.tel Phe

Li so" No Se."' Co0edtate

/FCetify Et 1- No cVwa0 ptooerIy j inlid. .n i r.ai U 'et:

0' documented ty a P'oo,' 3.,al RetiucotI and 4sc.twt 1n
-r The wate pa-k.rs desotiptum Iplow .s cit'tl tF he 1iw e
S ackge confo'rt to tkU -MA 722 antd I' ap...d it.. C p

"Ce Chr~cssh-t 18CC7
sraati A- a 0 Q 3 The citrg Codr re- t

Sytnate ,,tr

WASTE DESCRIPTION ::CONTAINER INFORMATION
COMSsU$tIELC MATERIALS 'NONCQlB'STntE.TEALS it 5. it t- tr-' itr,

Paper Prodoti J " ut . 8 -11' :

Clot, i SI t''. $1-
Rubbef og .,er a

-5 asete m Length Ae - t He-gh

' ~ ~ ~ ~ ~ 7 SAmAegp 24 A- -- av~aof Coon t'aCer

Totat -b iu ?
HAZARDOUS CORROSiVE CONSTITUENTS [

oame O : L3 $g m. 0 Gr tn t....... -\

Ai nAt,,dd Al /7R'Ar .Z0 4 ;AA$T CATEGORIES

-v, Xos
CE SC
0Zo %NC

femaroks.

CcA1rAMWAeroM.
S2/' Ci -

T rmal Powr:

I Wit' 0, test
Ot",r

RADIOACTIVE MATERIAL CONTENT
TAANSURANI- AND URANIUM .. NONTRANSURANIC

1 10 h t tin NVt Eni B 'flet Isottope O

. . .Gr

Totals
Meusuitromro Method. ce o' - Se,

A /AbA . .,_____r__AA_

DISTRIBUTION Whete SWPDU 2750-E 200 E
Canav TFS 272-V 200 W

'a, -,rn ro Shoce' 200-W

54 3000 591 - 94

C-76
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.2 3 - o 72,
Pleaa e prt or lye i Form dasignM fr fo, on a1,re (1 -pIth) lypererrer -I Ar

a

UNIFORM HAZARDOUS I1 Generaiors US EPA l GNo

WASTE MANIFEST MA 789 000 8967
Mandesl Dw->c -e NO
U@2 2P~rlrl

ow own mc 2000.4-a E' n 3

oraon Lon nhe shafed aleas

3 Generatos N me and Mailing Address A. State Manifesi Documeni Number0. W. Fu
234-51/200 West 7 lts Generats tD

4 Generaror-s Phomej 60 7323
S 'ransporter i Company Name 6 US EPA tD Number C State TransportersjoWestingfouse Hanford IWA 789 000 8967 o Tr inneasPhone 377 Transporer 2 Company Name a US EPA ID Numoer E Stale Transporter-s i

WA I F Transporters Prhone
9 Designated Facrliy Name ana Sire Address 10 US.EPA td Njmbte, Slate Faciliys ID

Low Level Waste Burial
200 West Burial Grouds WA 78000 8967 H. Pacrhty- Phone
200 West Area 373-1181

t US DOT uscrpthrrtnor(dringProperShppgNaime, HazardClassandltNumber C Total ' Uit WasteNo.- - 1 1 No T .e Quantiy jovol
a Radioactive Matial Radioactive

Low Specific Activity Material U12912 2 ON 86

J. Additional Descriptions for Materials Listed Above

Radioactive Nixd Waste. Soqdry hajrd:-
alimioaitnte (ZJQUD) oLo r x /

Orn No. RNZ-212-A17165 and RWZ-212-Alf766

r'adrring uUCs 10 WasLis Above

5 Soecial Handling Instructions and Additional rrtormaon

5 GENERATOR'S CERTIFICATION: I hereby declare tha me crce-s Ot tis cons gnment are fully ano accraie'y 2s-- -: aoove oy to -srcp:-g narne and are classirec packed murke and laoeec ao are -r all respeC!s on proper conarion or 1a-s:: wa ac.rtC appocable tnternational and iational goverfme regulaaroh-
nlUhess i am a smal quantay gereraror .ho has been exemotec :y state or recoanr. trom the ryn-.---- cd,..

n- Secti 30021b) of 1C TA I Any cerriy rnani have a rc;a. "pae io recuce the no e a *O : a t e1 rave :etermined ro se eccnzymically pracricaoe and I have se 7 e 'tr rerndc of -eatcentm storag ' sc - ty ava -a!: I.hCh rjnirrnizes thecpresent! ard future rhreat to uman rear" an: :-e eirrormen:
.Pr si T ~ ii

D. W. Faialk Atc--r" 03. rep
. .-.-- I J-Ut-~ C. ~ t10 121 1111n 7 tarspolter t Acnooledgem-ent o FReceat or Matera1

PAcie: Typed Name rear

o 18 T-a-srer 2 Acknowledgernerrrof Receipt of Mater ars
- -1e: Typed Nqame - &re iA Ye'

19 0 scr carcy "'dicaton Space

A
C

20 Fagii: Pner or Operator Cerrtricarom n' recept Cl 5aa-zcjs eras ,OverC 
0

r rs mran'itersr encp 8%-ie -* 9
T Pr lee Typed Name

OfA7 Zan-e~ r C_ ;1 Oin AN E 8721

TRANSPORTER -2

C-77
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4th QUARTER 1987

340 -PNL IND 200W 3AE T05 ( 17)

SPOSE
ATE LOGS

.c# 11097 0001

11887 0002

- TOT- ALS...

coe

CU. FT. TYPE NO ACCNT WEIGHT ISC

7.50 CB 1 PNL340, . 250.00 CI

3rC -F7 - 0-? 163
7.50 C1 1 PNL340 300.00 CI

15.00

W
QUANTITY TCH T

0.00500 T05 I

0.00500 TOS I

ST
P BG COM

3AE PNL

3AE PHL

550.00

C-78
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Rockwell Hanlord Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

- -' sw

PSAL SITE WASTE GENERATOR;...

A-,- 
)

VIA~~ ~~ I .T 1 1. t ,-j 1y ,Wioy I sneludieki n Th. t t &

do mroTis hV Plopf- sa RN1,01t 4nd netaW# !-0
--- 2. Th, "aiv tffde I zom0 u 'n !"w

k r amiv RhO3-.W 222 Fd iK JwlN s

- 3~~r Thl aLryCO. a o

Ws T .--P .- -- ~ O

WASTE DESCRIPTION CONTAINER INFORMATION
j - - -.ArTEPIAt r F d BC

C~o's- - - , - --

- a'.

_ _ _- - - - - - - -- _-_ _

-. }ZAPD C S - I L.E f3

- - T- - k;.;'Lb 79 
/r~Z r,

' rc ,'*P

- -------] --- T T-rT 'b o ii

Other

RADIOACTIVE MATERIAL CONTENT

-. NO'Ls V' a-s RAN

-W- -' c a

7--9

E ll- - - jj I tI

C-7
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5/ 75!- oJo$
hi. oi o rta (kntdn~gtc "ii en ' 'erl'itir hte n I

-3'1,14- - P / /
l- *' , /~ rn.c r7)Jpior ~tt

tlye, i E ruel r Ar ar La:e- -- nc 60645 EPA Form V7on Pe" m, PrleirM e1-5 aleosolte

TRArSPORTER - 2

C-80

F-

Co e s o -sconsign Cint ate fully and accurately deits*aed o-e byCDer i pp ig atire arid are classited. pache; rraroed sdlatieled, and arte in at repilects in poe condion 'or tano -, gna,ac coirid is aophcable heriraronat and natent ooeernreet egiilaioms
a1 1 am a large iuanttly grteIsior. I cartity 'rat - -ave a program m olaCe to reduce the volume and toxcly or waste gerieated o Irie egree I hae oeierm-ned 10 CeecoB"rni capt pracocable arid tha I have se-cteo 1re pacncable reetho rtreatmenre .storage. Or drSPOsal Cineirt5y avabia e nnr'c -- r .ys-0 - e oreseui and1u1-e h tea, to huesan health rad ire erroinmeni OR. i arn a smail Quanldy gurrietaor. I have rade a 9o0d ta.ih eforto r' mr-ste .- asse qeneror ard select,. Cris, ase management method hati aharai&e to me and that I Can alo- -

± rrld/Typed Name -. iiarr ills Day Year
John o effenbaugh

T 17. Transporter I Acknowledgement of Receipt of MaterialsA
A PrntedfTyped Name M- ro Day Year

N ' Sinaur /o t Day u-' i t) -

P 1 Tansporter 2 Ackrowledgement of Receipt of Materials -

Printed/Typed Name S gnatuee ". Pa, Vear

I
1 1 Dicre~n-Inaicai.nS-c

A
C

20 r3ci.tyiawner or Operator Certifica.on o!r rceipt of hazardous malerlaiS coveted by this manes; e t sz.el lie 19 -

PrinteC Typed Name - -

. I - - l , I ! . - - . . - , 1

UNIFORM ~ ~ ~ ~ ~ ~ ~ w~dOB HAADU2 e-,t-rsU P D0594 -001 -- s9+30-8d

UNIFORM HAZARDOUS G "'ors US EPA ID No Maniftist Doc umen, No 2 Page I lfTorma, nin Ine Shaded- areas
WASTE MANIFEST WA 789 000 8967 PNL 281031 o, is norere by Federallaw

3 Geator's Na a Addess--- A, $teMal ssoDocumenq Number

306-T6/300 Area
4 Generator's Phone({ 509 376-1483B-Saf0 ~$I

5 Transporner i Company Name 8. USEPAIDNLmbeI C. SaaaTrungpm*',c
Westinghord Cpany W WA 789 000 8967 a raaaprnnp 373-iU5j

7 Transporter2CompanyName 8 USEPAIDNumber E Sl-spgr'gIl

I F. Tranprtra'phoa n
9 DeslgnatdFacity Name and Site Add-pss 10 US EPAlDNurnber G. SlasaFailurlal Ground/200 W

Westinghouse Hanford Company H Fa Pfiopa
WA 789 000 8967

u sC Descripton ruidOg Shrift "rilgiame Hazard Class and 10 Number) 3otal a WaslNo.

M T y p e G u a rt t yl lh iV o l

E Radioactive Miaterial P,~A UN29-12 1 ON 77 Kg DOB.IIO
LSA, n.o.s.

Ib
0

d-

.1. AddieoRtAl Oeewlpqn iwMak -in:oPumice K. Handling CaOes ior Was es1ed AboveDnas cuaflhm flminta~ lod wlppj I plastic.

15 Special Handling Instructions and Addrtonal Inlorrtahon
item a - I 55-gal 17H drm.

55 GENERAATORSCERTIFPCAflON is.,,,dcar a m tntft
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dV Fo-yzMcgyA -,

Rockwell Hanford Operations SOLID WASTE BURIAL RECORD - LOW LEVEL

LsC CLA C -3ALL POINT PE, O' TYPE - -- - r,

Th:,'s- 10+ -o -WASTE GENERATOR: C .
DISPOSAL SITE DE.. F c chL I00 AuO-Ft-On o.

C .torW ' -W- W 7d7,v'

1 E .1Ierslv ha i 1. No Cid.tl otrtW is IivdeI n this bur' an
N A Ioc.4,nmeo St a Prope Fp D,&PwaI Amount and dacr-bcu be r.,v.

-The wite packar rteKption belo is com.pleIe and the waste

ponkae coenfoims to RHoMA-.22 and she apatwed Buron Cml
ianc- Checkl, eet ISCCt.

a rt 1  eI Thee ~cde rcrrecF3tT!

sq AL-

WASTE DESCRIPTION CONTAINER INFORMATION

COMKtISTIBLE MATERIALS {ONC0ALST .E -ty . Nirn-' Rmria Gst&nsOr
SS5 Qjlionrty hFncrboro Sesa1 - ums1 3' 1 24

CloTh PrF P1-- at. t~ue Proma N.' no fl R ain Packtaga
Rubber te - r mrem- h at

-r ' a Le0th 1i He.t

To ] -~ trctNo. tenurty De Requesr No.

trwa No. wV

HAZARDOUS CORROSIVE CCNSTTUE-ITS

,i g O in - ____ GrWuiget ..- L --

lae %ASTE CaTEGO ES 1 Remrarks-

- CE _ S
DD I C

Thtr/pmr.Vt L Q 03,
(2 0.1 wilt or ls

RADIOACTIVE MATERIAL CONTENT

TRANSURtAIC ANC cRANIU NONTRANSRANiC

- I&FaI I Grains 

E- em__40O 4 2E

--- ------

TotDs

$4 2000 .2 R nt

ranF5v TS 7,2-V. 200 F
P . Re:-r i or.' 201',A
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J -429/7C

aras seni r type iflt ny r -. i 1w *nitr i12i-piiCh t1yp rd - Enrm id DB hu2ODL439 lt utas i."4s-O

ahe sion miagnrriit 1e0i&ottat .S aaaayre mano tmat Iti ai-ou j

Plin[d/Ty.e1 Name . a- nr Day Yea
John a. K Johnston /. I . I I

T17. Tiansporler I AcKnowieagement O Receipt of Matetals
A PriniedlTyped Name asi iteth Jay lear

o 18. Transpoier 2 Ackriciveagener! of Rece-pt of Materias
1!

19. Dscrepancy Jnicatton Space A-

A

1 20. Facitly Oner or Operart Cerc on Ct rfc pt C nazerccs i"terais COtered bi his manifest except as nold .r l! 19
y PrntediTDed rae Va;guamf - Ja, Year

StyleF15EVI i .1r -- in- : z ±-- :a- Lu. - a- Co inn 5C-4

TRANSPORTER

EPAFortm5700,22lR- 94S ni sons a'90550 nO

2

C-82

UNIFORM HAZARDOUS GreraleorsUS EPA ID No ManlestDocumrttNo 2 Pag lnlgrmarorinesnadedareas
WASTE MANIFEST WA 789 0 8967 PNL-2B7032 of . 11snoreae by Federal la,

3 Vert and ng Addres A. lam Maniest CCument Nunbi

306-T6/300 Area 8. M ar U

4. Generalor's Pnone 1 509 , 376-1483
5 Tiansporteri Company Naime 6 US EPA ID Number P). IW1tru1ns,0es ID

Westinghouse Hanford Cocaany WA 789 000 8967 1 7. J -&LW
7 Transporer 2 Company Name S US EPAtD Number E. 813f =Wjpwtetst

9 Deig; ed Fcilty Nme ad FTrMnMPo0WOPhon&
S Designated FacltyNemeand Site Address 10 US EPA ID Number 3. SiaM Facililys ID

Burial Geound/2OWO Cl SWO _________ID

Westinghouse Hanford Company K7 FaaRys Phone
IWA 7839 000 8967 __

5? Containers I3 I
11. US DOT Descriptor (Including Proper Slpping Name. Haard Claus eAd ID Numbe) Total unt Waie No.
I r" N_ Type OuanNijy iV .Ok,
-" Radioactive Material beatIn UN2912 1 04 5.7 Kg

SLSA, n.o.s* ft e JN92 I ON 57 K

0

J Addit onal Descyiptions (or Mlatenas used Above K. HasaiAg Codes lot Wastes Listed Above
*eSte Is dWplete urftim Ond beryllim in jjC1 that has
beM neutralized and absorbed In diatoe ditalcous earth.

1$. Special Handling Insoructions ano AdditionalInlormarlion
item a - 1 55-gal 17 drM.

-0 GENESATOOSCSS7WIFCATitI 'rin-iy usuij I.lIieC5Olte. S 's)51vii.Q i.,aaC sw..tao,. l

piasrnuponq 'e anroureruu*14e z.tne7 iared and ste e j- ine ei mm~cis in ptaper coridit.t, lot iiaispartby iign )ia

350eda 7 0U5 orua~ ne abr:adrbna oeym rgi t etiei.soieS i50a iit nthet nt n - s i rsn 5

i a 'ag. quant y g at~f Oir I'i c thiat I nan a rgvait in a-az.1 eit e rn t m andi~ aely waste genratee to ire QO,4+ r .e ceiet e tot:e
Mul Urel.20nuta nagnnenlheesro r ist dil crr .sA- : rn~ geneitt ri = l ae g itS el to mirimtie mn 1 *a5t ;,'5.o a seer'
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Appendix D

218-W-4C Green Island Waste Burial Records
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Low-lev\ u I Grounds
Mixed Waste Disposed in Unlined Trenches Since 8/19/87

218-W-4C 14 (8901-02-1) 4/15/89 lead 7S

D-1
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SPAP -SPA

2nd QUARTER 1989

mHP 200W 04C T14

CONTAINER
CU. Fl. TYPE NO ID WEIGHT ISO QUANTITY

------------- ---- --- -------------- ---------- ----- --------------
9946.00 DS l 8901-02+-1 1798040.00 C060 7756.00000

CI 16467.00000

TCH TYP

T14 NO

1798040.00

N

7

D-2

DISPOSE
D)ATE LOG#

041589 0001

ga-TOTALs... 9946.00
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9M ~S'n', ah*!I.rano
7

nwyadO..LIOm0'oacranoboa.. 'a

.... <.

. p p . , "rr dasped 1G. - m nolit 12-po p i y p.Wmia,
ER-OWM-5ifV. 10/860 Porm Approved. OMB N. 20D-0M9-X040 9l0-S--

UNIFORM HAZARDOUS 9 - .2 2. Pog 1 iomtion In l, d
Is p2 roe aiy d by fe. SrsLawWASTE MANIFEIT- - - - ;la

I. -N1 .am 61n - -a '

.. op t 0 o dM gY, Attnz General Electric Co.
WotpingpOrt Atomic power Station. Hwy. 168 South

Aene,.s phone 1 412 643-5111 Shippingport, PA 15077' .. .....
- 5-Tfoaparter I COC lO -om . U P'0Nme

1hittanal Marine L ,A.D. 9.8 a-&60-.024.-
7. Transportes 2 Company Name a. US IPA N) Number 

satioaal Marine L.A. D. 9.S 0 6 68..7-4 
.10 USE IMNImW .Ir WA

U Up~ar n Enetgy Richland Operat.S..f ,f Ci
Hanford Site. Bldg. 1167, 1100 Area

* Richlnd,, A 99352 W.A.7. .9. 0, B 0 8. 9 6. 7
11. US DOT Deacription tla dIng APopo Shtppkg NNam., Nnaa CAISS, and ID Numberl 'ot. Cnit

-waste
Radioactive Radioactive UN2982
Material N.O.S. Materials (Contains Lead) 01 C'Y 8 9 1 T

N/A
E

A
T N/A-
R

N/A

Acc l. Dn niptane~orMatishpmnal Abno iephyakaa *lat and had oda - K. A IL a " g Coea OdrnWaatae Linted Alha.

~ L J X. _ L i i W a
- :)Z. Cot.Pisclat e . . *ae,.t PKaclSae.--.. -

o IS. Spacial Handling instruction. and Addttltio Itralonor an

SEE O/L NO. A162653
4

- 1. GENERATOR'S CERTIFICATiON: f t....odl h,
no as n anad etamI t am n ioa an tIr'.ayc roaoa nFto at lta-a aaL Ca on~otaCClah to n c ,,p a,,an aaa naa- .nl

0
o"aag aa ana haI,-J Ih111 hl 11 ii p P01 .

- a P lrnted/Tped Nan MG Day !r
J.P. O'Donnell P s.

T 17, Tranportir t Aoknowladgmnl af Ra.aipt of Mterl-l.-
a /A Ayhiad/Typ d Mae te Trig mort Marquette i Month: Day Yenr

Ade ~ ro P a#_2ri V I T ober 2 AOfnededn,.nr c Recalt Maeial,
T uatd/TypodNre Hster of Tuqg Gult Hiss 141nMonh' fer Yseo C

A~ K)

L 20 Faclilty Owner or Opallr: Cartientitr i oncelpt o hazardous matetalsla oa d by his monioat except as nGid In te. 19.

V PdrnedflpkneJ'bd. 
-- ,-Month Oa, Yew

EPA Foam O-2 /(RtV. .Bg) rr n

COPY 3 - TSD FACILTY: MAIL TO GENEfAtOR

D-4
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-
-

2. Page

- Pisa~~M". prim or e. WForm 1w Mn e lot-~ah ye er

!R-SWM-R1:m R1V/ IoFr Appnn& QUS No,2050.pse Eopies ,yrwef-tt.UNIFORM HAZARDOUS- t aa sEA10N.-%
WASTE MANIFEST L-D. 2 ' &

M. Dieeteac Name and M it Addres

U.S. Department- of Energy, Att : General Electric Co.
Shippingport Atomic Powqr'Station, Hwy. 168 South

o 412 643-5111 Appingport, PA 15077
. WAnapww I ConY Nm 5. US EPA IDWA7 O3r I7

National Marine I L.-A. D.9-8 0. $,6.8.5.741
7. Tromppartee 2 Compny krn sl US EPOL Number

National Marine I L. A.D. 9.&Oa 86 8.5. 41
9 ed mcft Ns"e an Site Acdress 10, US EPA 10 Number

U.. epartment of Energy Richland Operations Office
flanford -Site, Bldg. 1167, 1100 Area

r ,Richland, WA 995 -- 7- S. 9, 0- 0 O-8- 9-6- 7

11. us DOS D.mipelne fad eg Aea, smaSpf Nm. M"n. Closme ed ID MeAnmj)

"Waste
Radioactive Radioactive UN2982
Matorlal N O.S Materials (Contains ILead)

N..

. . C Y ,89 9 T
.. .l .

N/A

N/A I :
kdl. i ~ I I

N/A - L L
J, Addftr" Db"WMton fwr Mitedkir Wsed Akwve (kwkM* phyakeito *Ade And 000at d)

1m-'Ccda Phyele S-e. , He. Code Phycl State

, E .. . L , , |LJ I LiJ

K. Ilieg codoe te.r Wist e Lsa Abs

15. SpecIal HrdwIng leeteoctlons and Additional inlonnadon

SEE R/L NO. A162653

16. GENERATOR'S CER TIFICATION: I neob dsao m to aa: - o :::-.:anemp e Ii, nr -m.aolW dp--.dihoe 1v 'rO P P ap e
clethaiSd. pavend mneted. ar1e tial nr end nr 21a.'nope m p.flnl con'dnae. Itn ''maeo I Iny Ic y laccmrdno t0Do aioi .nIemrlon are niancoal yoaemen Ocu 'aCnlon

and ito ennent R. II am aesmattauarneiy gen.,ro. I an mdusaa yuqGehI ln mC mv.IIyy wO~as prml~OriaetaCattIO5O b1 dPnmamIanmr ltrs
aaIlabO a me and hat -can -I J -:

f P. O'Donnell oY

T 17. TrenspOcter 1 Ackeowledgamens of Receipt of Mataled>

S fneeo&nrnppdN e Master of Tug Pere Marquette Slataaa Month fly an

P

T Pfjr-yp-Nlen Haster of Tug Culf Hiss MDM Day ratr

AL1 0}- 5 /0 C--
L 20. Fc1ity Own r at Opertawir CriIf(catten of ce4lpt 61 hamedems maetlo coveed by thIn emlest except as ttd in hves 19.

IT
y pN ia hr Mcoth Day Year

C- /; La042I 

r,1

D-6

Immd

Iiv
t
ZI
4

a
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i
S

EPA For AltB-22 (Raw. a-es) Peceoun odilno e e obsolo/
COPY 1- TCD trAtilT: MAL a0 tExciuialr SAI'
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ER.SWM-sliRV. o,/
Pewpdottotyp w Penn e ned lea Isa useMep Il-0a1wia le iei

OG 0ar1 AnpnoVd MU No. 2030-0039 pifta 540-115

UNIM KAZARDOUQ
WASTE MANIFEST!'

- r' a .4 9

2. Page I
I a. ~ a j r~ U

lee ebaded 9(SO - I
wP.&eod

3. Otieurfote Nona.end Mamng Add , .

U.S -Departinent of Energy2Attnpfieneral Electric Co.
ShFippngort Atomic Power Stati6ni h, 168 S6uth

ie a~nee.,an.a tioe 412~ 643-5111 .Shlpnogunet P Sl
S. TraSponeW 1 Company Iame . . : US EPA ID Numbn

National Marine L LAD-9-&0S 6 8.5 7
7. Transorter 2 Company Nem a US EPA 1D Numbow
.National Iarine L-A-DJ9. DB&8.5 7.

9. D gatw d Facilty ragiand o In . Addin. 10. US EPA ID N iber -

U.lDapartient of Energy Richland Operations Office 0
Hanford Site .Bldg. 1167. 1100 Area
Richiand, WA 99352 - W -A-79.G D & 0 -9.6.

. US DOT Deecrption IloMI rog Aopr Soplng Name. Hod Class, s. ID NAt.,b,)

waste-
Radioactive Radioactive
Material NO.S. Materials

N/A

UN2982
(Contains Lead)

LO -_yM - I

-I
(Cnan Led)1 V 8 0C .6

'0

r1
8 A 9 I

I ;.'.;- 4-j

A . -
T N/A
0 1

N/A

b -L.L.' L. W -
15 Spail Hnda l ntroo;Ione and Addilionel Inf o n..

SEE 9/L NO, A162653

I Plte.D.e neu neqelol .ceoe4,n.,e 
gn nnoeeuecno~,

, O.lObeer~rYe, 
H-_e CoeinedmlStt

.J ~~~~~~ 
~ 4m Prnea/rpdNaee 

et. s You

+ J.. ODonnll 62'" L S1~sit

T 17. Tranaporter I Ackriwledgement of Rao[pl of Maera Le
R A PflwidTird Naive I 4eester f Tu Poetruto SgsleMofbD9 Ya

18.Ir, Ao a
T flinleei/Tepedgsrm Master o .f Tug Culf Miss ' S10nowne -0

1 20. FacilIty Ower or Operator: Crtlfloe-ion of rerdel of baaordoua malarel. covered by Ithe manilec miempt ae roted on 1I1m 19.

MeMO Oep YearQL"rla.Q

D-7

(

"I

'a4

-c

P

I

I .9 
-

EPA Form 700-9 flOV:t-6)d r e doesin, .e n - - c
COPY 2.- TSD FACILITY MAIL TO GENERATOR STATE

. . P.. r . . -3. 6.71

12. Ca

,2

k

-o

SlyetteMaH0 Day year
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Low-level Burial Grounds
Mixed Waste Disposed in Unlined Trenches Since 8/19/87

trai ronU TrP00otier0Dt AcCept0& Comment
218-W-4C 58 324-88-0010S pw 5/18/88 lead

fAUt
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mr - - -Hma

IROCkCUSII Hanford Operations

10n

SOLID WASTE BURIAL RECORD LEVEL
[ASR& $'70 /6

VSE BLACK BALL POINT PliN OR TYPE SWBR NO- N - ( O..

DISPOSAL SITE I.,'-" o *o*m '* t'm*l.'-0 o WASTE GENERATMP: IDIK L IE Rko-'lel .,rseuw itD p-ssi -e --- CD E uoo N~wArv. 8u.1l Orod No. Trernti N. hO a}

aoototnr .rm 2- 4 C. S3 -~F~l~
ca*on No fagrln " 3C br, 300 376-04

3 A-SM6341O 77178 ~ a ~ ~ 4

rtify that: 1. No capial prperry is ncloudd A0 this tsrili -rief
-___ __ __ _ __ _ doomted by a Property D0e5psI Raquest wni d.*Crnird bWlor.

Ramarks 2. ThE .. ma package deswrpi-in belen Is canfl.to 4,d the .- Il
package corforms 10 RIO-MA-222 mid cw ayprovod foral Compw.

.. en. Checksheet 8CC]
SIGre t. A Cp ncO DamC 3, The charge cedes I,

Slroirjra flairial J..e L GoQ~ ~ /.~i,~ 3~~
$igneture Derar

WASTE DESCRIPTION CONTAINER INFORMATION
COMBUSTIBLE MATERIALS NONCOMBUSTIBLE MATERIALS O.urrty& Na- lCfn Stbard

ni 55 Qalln N Fbigo~nm fece
% Glass % M rrws .tA. 1" l 1x 24)

Plastic %. Concrete hr% _ to _ 1"r d shieled bo
Clo~h % raroloss SIool 5D SC V.1 -1.

DCC ArflrooaI NSmber tCaU att qrc: 7
Rbber % 01her MotrE

9 Carbon ateel 24 % Div-e, or Le .

__ _25 ' 138" 1 61"
% % Material 01 Comlruction

T% 3T1daTotal 3. Totl Rome TrnsrroFJ Propary Orosol Neqo

%' N/A WIL-88-14j & flL18ioiM2
HAZARDOUSCORROSIVE CONSTiTUENTS Pmads

Nhrmy Quantiy iLb or K91 V 327 pI W"'ghr 39Tori {I 5K9yS

load shi i- WASTE CATEGORiES: Hemarks:
H~ BW U D S

SCE E ss Waste box ise vztod1tih
DD E NC a cbMCoBX Nuctil f l te,

Thermel Power:

0.1 M or lags
Other

RADIOACTIVE MATERIAL CONTENT

TRANSURANiC AND URANIUM NONTRANSURANIC
Total Grms

EilarmeoE sotooic rirbarien WI %. Elemert solope

N/A N/A ._N/A C -11 325*

Tws1$ -/ 1250 Ci
Measurement Metiod: te

fr It dos rate oalmlatlrrm J.E Gose ___

DISTRIBUTION Whitt - SWPDU 2750'E200 E
Ca - TFS 272-W/200 W
PeIk - Return to ShiPper 200-W

54 1000 581 17 86)

D-9
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324 -PNL

2nd QUARTER I

MFP 200w

CU. rr. TYPE NO ACCNT WEIGHT

327.00 Tp 1 P79681 39500.00
3.,'- 8- --.Aole

253.00 ZO I EL7968 14000.00

253.00 TR 1 579680 14000.00

253.00 TR I B79680 14000.00

253.00 TR 1 B79600 14000.00

1339.00

998

04C

ISO

C0

cs
CI

CS
CI

Cs
CI

Cs
Cr

T58 ( 10)

WST
QUANTITY TCH TYP BG COX

1250.00000 T56 N 04C PNL

2.00000 TS8 N 04C PNL
4.00000

1.00000 TS8 N 04C PNL
2.00000

1.00000 T5 N 04C PNL
2.00000

2.00000 Ts8 N 04C PNL
4.00000

95500.00

D-10

DISPOSE
DATE LOCH

051880 0001

060988 0002

062388 0003

062368 0004

063088 0005

.. TOTALS...

A

- I -lb M-1 I" -li-" -i"IM-91 1. 1.1. -ri - - - 1 -- ., - E . E - . -- .- .. L ill -- ' -h- . - a . 1 . -1 1, . - s- .. I . - mi i i - . . .- e . . , i .
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~.ing~ t (F orm SSQ.Th lee an oft 2.plicj tyinnw } aei Appeenia CUB NtaOddE e~

UNIFORM HAZARDOUS 1 Generatoes US EPA I Na- Maniest ocument No
WASTE MANIFEST MA 789 000 8567 Pow Io t r I 0. FlrhIJ

S Ganerators Name and Mailing Adde ai
I. W. *ftC.y PK A

5Transporter Cormpany Name 6. US EzpA D qumbe --

7. US OT Tr DpesrCopny ui Ame ipnUS E PA ID Number

~ P

U-S EP r s Number C

Mastingh ftne anft Cowpany
wA 189 ow0 e W

1n US OT Onwoo anncludN Plop@, Sjqppng Nam,, HaztrdlClans 4rndf Ninber) 12Cor iner 1OW 14. -

a .fNo. -

C

15 Special Handling I'nrnact ns and Addtioral infomiation.

C' shippin name and ae classified. paciied markied. and laeled. and aresI all1 respects in proper corritios, for transport by highway according

Unless I a a small quantity generator who has been oxpied y statute or regulation tram the duly to mane a waste minimization certifieatmn

und. Saititonwrter b or OratrA sarttiti threeit It haearogrs ltein iceoereduby chn vlmand encty note watem aoratdo hdera

wNch minimi zes the present arnd luture threat to lhuma health aMi the enmionent.9 yrnlyadbe m
Pwtcin p Name g -ar. Moth Day onr

T17. tr-a-nspoiripr 1Ackcnowiedgemenf at Receipt of materials
.k Printeorryped Name Mgawreonh Day Year

a10. Transporter 2 AckinowteCfgemarlt ol ReCuipt of Malornals
PrinledTyoedName Signa r e Uoritl Gay Yea,

19. Discreparncy ndicalion Space-

A

20. Facility 0*ner or Oiperalor: Certi fcation of receipt ol h IZardaus materials comee by this manifest except as noltlm In temn 19T Printed)7y~ed Name Signatre 
VoOr DaV Yeaw

Ste F SR-8 Labeiasier Dv l Amancn Lanenar Co 1"C 60645 EPA F 7PO-22 a-as5P aw e snda

FitE COPY OR STATE COPY

D-1 1
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Date (.. aq

Readings rfguired by HEDL Storage and Disposal for Waste Haul:

Outside overpak - contact, all sides,

I m from overpack

I m from edge of trailer

top arnd bottom.

I m from edie of trailer

J. B. Gose

D-12

1.

2.

3.

'0

r

Top contact

I M L5

in trucklock

Bottom Contact '

I m- oc

Contact 35 4IJ-

I m from overpak.dAy4
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Low-levI Burial Grounds
Mixed Waste Disposed in Unlined Trenches Since 8119/87

8uts1 Geund Trench Gontainet ID Dat0'AtCcptOd ~COmnmet ti
218-W-4C NC RTL3094 1/9/95 LBL L /
218-W-4C NC -'RTL0695 1/9/95 LBL
218-W-4C NC RTL0595 1/9/95 LBL
218-W-4C NC -RTLO495 1/9/95 LBL
218-W-4C NC RTL0395 1/9/95 LBL
218-W-4C NC - RTL0295 1/9/95 LBL
218-W-4C NC RTLO195 1/9/95 LBL
218-W-4C NC N RTH2395 1/9/95 LBL
218-W-4C NC - RTH2295 1/9/95 LBL
218-W-4C NC RTH2195 1/9/95 LBL
218-W-4C NC RTH2095 1/9/95 LBL
218-W-4C NC RTH1995 1/9/95 LBL
218-W-4C NC RTH1895 1/9/95 LBL
218-W-4C NC RTH1795 1/9/95 LBL
218-W-4C NC RTH1695 1/9/95 LBL
218-W-4C NC RTH1595 1/9/95 LBL
218-W-4C NC RTH1495 1/9/95 LBL
218-W-4C NC RTH1395 1/9/95 LBL
218-W-4C NC RTH1295 1/9/95 LBL
218-W-4C NC RTH1195 1/9/95 LBL
218-W-4C NC RTH1095 1/9/95 LBL
218-W-4C NC RTH0995 1/9/95 LBL
218-W-4C NC RTH0895 1/9/95 LBL
218-W-4C NC RTH0795 1/9/95 LBL
218-W-4C NC RTH0695 1/9/95 LBL
218-W-4C NC . RTH0595 1/9/95 LBL
218-W-4C NC RTH0495 1/9/95 LBL
218-W-4C NC RTH0195 1/9/95 LBL
218-W-4C NC RTH029S 1/9/95 LBL
218-W-4C NC RTH0195 1/9/95 LBL
218-W-4C NC RTL6394 1/9/95 LBL
218-W-4C NC ~ -~RTL3494 1/9/95 LBL

9
fv

N~t Y it Co-,t 6v

D-13
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD SIv . r6t3) 8. Page 1 of

Storage/Disposal Site Information 9. PEN RTL3494

ce hat I physica the waste package to the citen possible and a 10, Waste Generator Lawrence Berkeley Laboratorycckoth~apl~ca eocuencaionhave been performed in accordance with
SW--l00-050 or SW-10W-10 11. Charge Code, SO No, or MPO No. 3527800

t. Signature Acceptance 2.Date/. 7  j 2.WRMNo. 9512-0008

3 A 4. Facility 5. Uni 13.Name of Contact David Steffen/Susan Jahansooz
6. Sterge Location 14, Address Phroe Lawrence Berkeley Laboratory.

One Cyclotron Road. Mailstop B75B-101
Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Locatien I certify that: (1) No capital properyis included in this waste
I unless documented ba Pro r Iposal Request and

Beginning Coordinates N w described below. (2) othe s of my knowledge, the4'c' 3 0 7 ~7 ~/ Information entered below Is complete and accurate, and
the waste package Is In compliant, with WHC-EP-0063Ending Coordinates N and the StorageDiposal Approval Record (SDAR
Unless designated aRadl gwe Mixid t ,hiswaste is not a dangerous waste as defined byChapter 173-REFERENCES 30 WAC or other applicable state or federal regulation

.R N W /7SDANO.87-C-3J-0 governing the management of hazardous waste. (4) The
16.I N I7charge code is correct.

I . DOE NRC 741 No.N/A 19. PDR No. NA . 15. Signatue Dare

20 Waste Description Category 1 0 Category 3 9 Category >3 E RMW Q Classified
21 Point of Origin N/A 30. WasCatQt Co
22. Cotainer Type 55 gal drum 123. 24"dia.x35"height" W 0M . CL9 Nr
24..Cat VoL(m 1) .208 25. Tare Weight kg) 18 DW 9D SL QO CMA3-l%-

SDS NC DM _l. PB NC
26. Date Packaged 09/21/94 27.Gross Weight (kg) 114 OCE 0 S j OP
28 Thtiemal Power * <0.IWfh3 29. DoseRate (mremhr) <2 at e ealNo

'W ASTE CONTENTS DESCRIPTION
33. Anicle Description 345 6 37. Curiva 38 WejM g)Estimated Est. Radio- (Funsod/Actcvauin. 111

Volume % Weight (kg) endide r ondu y

Metal (Plates, Tubing, Etc.) 2.00 4 H-3 19

Silica Gel 35,08 35

10 mil Liner 1.00 2

Absorbent (Super Fine) 60.92 54

Anticorrosion Radpad 1.00 1

39. TOTAL 100.00 96 TOTAL 19

D-14
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (Ev 2 w2si)

Storage/Disposal Site Information 9. PIN RTL6394

Ieetify that a physical ins~mtiua of the waste package to the extent ponible and a 10. Wast Generator Lawrence Berkeley Laboratory
cs= eck of Thi alicab e documentauon have been p-rformed in accordance with
SW-10--05I 0- 10. 11. Charge Code, SO No., or MPO No. 3527800

k. Signatue Accptane , 12. Darc 12. WRM No. 9512-0009

3. Area 2 0  4. Facility 5. Unit 13. Name of Contact David Sceffen/Susan Jahansooz

6. Storage Location 14. Addr% Phone 1 -wrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75H-101

Module Tier Position Berkeley CA 94720 510-486-5251

7 Disposa LI certify that: (1) No capital prope is included in this waste
unless documented a Prop isposal Request and

BeginningCoordirsaia N W described below. (2) othe of my knowledge, the
C/Q 700rd 7 NWinformation entered below Is complete and accurate, and

the waste package is in cmpIiance with WHC-EP-0063
EndingCoordinates N W andthe or cispos A va cord(SDAR ) h3LS~ Unless des'vnat a Radoive Mixed Waste(RW this

waste is no a dangerous waste as defined by hapter 173-
REFERENCES 30 WAC or other applicable state or federal regulation

16.RSRN A 17. SDAR No. 87-1C-31-0401 governing the management of. hazardous wOs a. (4) The
16 S o A7 DA o 7I-J00 charge cod. is correct

18. DOE NRC 74 No. /A 19. PDR No. NIA 15. Signature Date 'is
20. Waste Description D Caegory 1 f Category 3 Q Caegoy >3 0 RMW 0 Clatified

21 Point of Origin N/A 30. Waste Cat 1. Waste Code (sCheck One)

22. Container Type 55 gal drum 23. 24"diax35"height FW O]HM QCL jNt

OBWD D SL oot flCM o Tw
24. Cant VoL.(m 1) .208 25. Tame Weight (kg) 19 DS W N 1, 0 SO- QCB [3 N
26. Date Packeged 090/427. Gross Weight (kg) E3 21 C: Q ] LM 13PA .

28. Thermal Power g<01 W/ff3 29. Dose Rae (mrem r) <.2 at 32 SealNo

WASTE CONTENTS DESCRIPTION

33. Article Description 4. 35. 36 37. Curis 38. Wet (g)
Estimated flLRadio- (PtssronActivadon (rRuurauw
Voaes % I Weight (kg) nuclide roduc? only) flonun only)

Metal (Plates. Tubing, Etc.) 2.51 5 H-3 14

SilicaGel 42.09 42

10 mil Liner 1.00 2

Absorbent (Super Fine) 53.40 52

Anticorrosion Radpa 1.00 1

- I - C - ~ - q ~ p

TOTALI 100.00 10211 TOTAL
= I = re a

14

D-15
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PIN#: RTH0195
WRM#- 9512-0010

Evaluation of Pressurization Potential

AU containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 11 liters
Remaining volume filled with pyrofoam: 176 liters
Expansion space within the 90 mil liner: 158.4 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.

1) Moles of air present in the system, MA:

158.41*2730K
M = 1*2960K =6.53mole

mole

2) Moles of helium in the system, Mne:

igram Imo_14M, = 1000Ci* * 'mo = 3.47 xl10 mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5molecules *eVCi*l.8 x1
H 0. *OleV Ci*day. 1 '

MH 1 .539x10 4  nxmoleules =9 . 7 txloemole
*6.023x 10

day mole

4) Total moles of vapor present in the system, MT:

M, =6.53+3.47x10- 2 +9.71 x10-' =7.53mole

Maximum pressure inside the container will be:

7.53mole*1.206 psi*iter *296 0 K
P = me*W -= 1.70 x 10' psi

158.4liter

P=7Opsi* latmn =1.15atm.
14.7psi

D-16
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD gEv 2 w5m) 8. Page I of I

Strage/Disposi SiioInformation 9. PIN RTH0195

I cerzif iat a physical inspection of the waste package to the extent possible and a 10. Waste Generator Lawrence Berkeley Laboratory
cross eck of tappliable documentihave been performed in accordance with
SW-I-O-050 orSW -lX-110- 11. Charge Code. SO No., of MPO No. 3527800

l. Signature Acceptance 2. Date/ 12. WRM No. 9512-0010

3. 4. Pacilty; - 5. Unit 7 t 13. Name of Contact David Steffen/Susan Jahanscoz

6. Storage Location 14. Addrps phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailmop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Location I certify that: (1) No capital prope is included in this waste
unless documented a Proper Disposal Request and

Beginming Coordinates N W described below. (2)To the of my knowledge, thecV .3egc W'c- 7 '-p information entered below is complete and accurate, and
the waste pa a is in compliance with WHC-EP-0063Ending Coordinates N W -7 and the Storage isposal Approval Record (SDAR) )
Unless des' nated a Radioactive Mixed Wa RMW), this
waste is no dangerous waste as defined by haprer 173-REFERENCES 30 WAC or other applicable state or federal regulation

16. RSR No. N/A 17. SDAR 87-7A-3-0401 governing the management of hazardous wase. (4) The
t6 i-it No. IJ 7 DRN.8-A3-00 charge code is correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A 15. Signa- ure '. Dma I. ut '5
20. Wante Description * Category 1 f Category 3 1Category >3 0 RMW 3 Classified

21 Point of Origin N/A 30. Waste .1 3 1. Waste Code (Check One)
22. Container Type 150 gal Enduropak 23. 33"diax4R"height D FW []HM t CL 5 Wr
24. Cont Vol.(m S) .78 25. Tare Weight (t) 114 BW DD *SL N3GL 5 CM 0 T1N

DS MNC OM []SO ? BE t NC
26. Date Packaged 12(1694 27. Oross Weight (kg) 197 CE 5 Ss LM PA

28. Thermal Power <0.1 W#c3 29. Dose Rate (m"en!t) .2 at I cm 32. Seal No

WASTE CONTENTS DESCRIFrTON
33 ril Dsrpm24. 35. 36. 3.Curies - 38. weeob (g)33. Anicle D npC4Ion Estimated Est% Radio- 37siosActivation
Volume % Weight (kg) oudide roducts only) dorum mly)

Metal 1.00 5 H-3 1000

Plastic 5,00 10

Pyrofoan 91.00 51

Silica Gel 3.00 17

39. TOTL 100.001T OTALa I 1000

/- 2
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SWITS LOG SHEETS 1995

Cmpy

LBL
LBL
LBL
LBL
LSL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LRL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL
LBL

Bldg

LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB
LBLAB

Waste
Area Type

200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W ZA
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A
200W 2A

P W
Type

R
R
R
R
R
R
R
R
R
R
R
R

R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

R
R

Facility Unit

218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C
218W4C

TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC
TNC

Accept PIN
Date Number

01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95
01/09/95

RTH0195
RTH0295
RTH0395
RTH0495
RTH0595
RTH0695
RTH0795
RTH0895
RTH0995
RTH1095
RTH1195
RTH1295
RTH1395
RTH1495
RTH)595
RTH1695
RTH1795
RTH1895
RTH1995
RTH2095
RTH2195
RTH2295
RTH2395
RTLO195
RTLO295
RTL0395
RTL0495
RTL0595
RTL0695
RTL3094
RTL3494
RTL6394

32 rows selected.
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-m c 4 /
Vol ume

.780

.780

.780

.780

.780

.780

.780

.780

.780

.780

.780

.780
.780
.780
.780
.780
.780
.780
.780
.780
.780
.780
.780
.208
.208
.208
.208
.208
.208
.208
.208
.208
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PIN#: RTH0295
WRM#: 9512-0011

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 104 liters
Remaining volume filled with pyrofoam: 83]iters
Expansion space within the 90 mil liner: 74.7 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner 830 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

74.71*273 0K
MA= 1= 3.08mole

22.4 *2960K
mole

2) Moles of helium in the system, MH:

M.= 830Ci* -gram * lmole = 2.88 x 10-2mole
9616Ci 3gram.

3)Moles of hydrogen in the system (maximum), MH:

0.5 molecules*830Ci*1.8x 10, eV
MH = 100eV Ci*day -SO.6 xl1t'nole1.539x , *6.023 x 10" molecules

day mole

4) Total moles of vapor present in the system, MT:

M = 3.08 + 2.88 x 1Q + 8.06 x 10~1 -3.91mole

Maximum pressure inside the container will be:

3.91mole*1.206 psi*liter *296 0 K
P =mole* 0K = 1.87x1ps

74.7liter 1 0 psi

P=18.7psi* latm. =1.27atm.
14 .7 psi
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2 25193) 8. Page 1 of I

Storage/Disposal Site Information 9. PIN RTH0295

Icr= that a tyhsical jospeotion of the waste Package to the exnt ibl 10. Wastc Generator Lawrence Berkeley Laboratory
ms-I0-O5orS ?cbl documnentation have been perfowtrd in accordance wih

SW 1w - 10. 11. Charge Code. SO No., or MPO No. 3527800

1. Signature Acceptance XJfZ 2. Dae/ 7 12. WRM No. 9512-0011

3. Ara 4. Paciliy 5. Uni 13. Name of Contact David Steffen/Susan Jahansooz

6. Storage Location 14. Address Phone Lawrence Berkeley Laboratory.
One Cyclotron Road. Mailstop B75B-101

Module Tier Positon Berkeley CA 94720 510-486-5251

1. Dispoti L ln I certify that (1) No capital propertis included in this waste
unless documented ya Property isposal Request and

Beginning Coordinates N is W described below. (2)10the st of my knowledge, the!20300 '77 94, information entered below is complete and accurate, and
the waste packae is in compliance with WHC-EP-0063

Ending Coodnates N o W and the Storag isposal Approval Record (SDAR). (3)
Endn C e N q0 3Unless designated a Radioactive Mixed Waste R , this

waste is not a dangerous waste as defined by Chap tr 173-
REFERENCES 30 WAC or other applicable stale or federal regulation

16. R Na N7. A 7-7A-3J-4governing the management of hazardous waste, (4) The
16 SRN I 74.21N.877-3-0 charge code is correct.

18. DOE NRC 741 No.N/A 19. PDR No. N/A 15. Signatuu I I)
20. Waste Description M Category 1 0 category 3 0 Category >3 3 RMW 5 Csfie9

21 Point of Origin N/A 30. Wase 31.WaaLCCde CheckOne)

22. Container Type 150 gal Enduropak 23. 33"dia0x49"height .1 FW M C O n
lBW [] D6 - [ SL. QGL 5CM M rw24. Com Vol.(m 3) .79 25. Tare Weight tg) 114 3 DS Et N 5 DM ]SO, PB 5NC

26. Date Packaged 12/16/94 27. Gross Weight (kg) 272 1 [M P

28. Thermal Power M <0. Wfft3 29. Dose Rate (mmem/br) <.2 at n 32. Seal No

WASTE CONTENTS DESCRIPTION

33. Article Deacription 34. 35, 36. 37. Curies , 38. Weiht (g)Enimted EST. Radio- (Fissirn/Acuivauon (flU Uranium
Volume % Wright (kg) nucide Products only) and isorium only)

Metal 2.00 7 H-3 03eC

Plastic 5.00 10

Pyrofoam 71.00 39

Silica Gel 7.00 43

Tar 15.00 58

39.57 11 1.l TOTAL I sc
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DOE/RL-2014-43, REV. 0

PIN#: RTH0395
WRM#: 9512-0012

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Intemal volume of the 90 mil liner 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 22 liters
Remaining volume filled with pyrofoam: 165 liters
Expansion space within the 90 milliner: 148.5 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

148.51*273" K
MA- = =6.A2nole

22.4- -*296"K
mole

2) Moles of helium in the system, MH:

MHV = 100OCi* Igram * Imole = 3.47 x10-mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5 molecules*100Ci*1.8 x10 V

M _ 100eV Ci*day = 9.71 x 10-1 mole1.539 x 10' *6.023 x 103 molecules
day mole

4) Total moles of vapor present in the system, MT:

MT = 6.12+3.47 x 10- + 9.71 x 10- = 7.12mole

Maximum pressure inside the container will be:

7.12mole*l.206 psi*liter *2960 K
P mole**K - 1.71x10'psi

148.5liter

latin
P=17.lpsi* 1a.ms =1.l6atm.

14.7psi
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD cmv z rw3m 8. Page 1 of N

Storage/Dsposal Sie Information 9. MN RTH0395

I cei that a physical aen sthe wse package Lothe extt possible and a 10. Waste Generator Lawrnce Berkeley Laboratory
coseck of the aplesbedcretto hakve beein performed in accordance with

SW-100-050 or SW-100-110. 11. Charge Code, SO No., or MPO No. 3527800

1. Signature Accepanc..; 2.Date/.- 12. WRM No. 9512-0012

3. Area 4. Facility 5. Unit/t 13. Name of Contact David Steffen/Susan Jahansooz

6. Storage Location 14. Address Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. MailstopB75B-101

Module r TierPoin Berkeley CA 94720 510-486-5251

7. Disposal Location I certify that: (1) No capitalro is included in this wasteunless documented a Pro isposal Request and
Beginning Coordinates N - w . described below. (2) the a of my knowledge, the

'- 0 C'W 77 't7/L informaton entered below is ornplate and accurate, and
the waste package is In compliance with WHC-EP-0063Ending Coordinates N (/(9_70 W 7 and the Storageisposal Approval Record (SDAR)7 t -~'~ Unless designated a Radioactive Mixed Waste (R , this

REFERENCES waste is not a dangerous waste as defined by Cha ter 173-
REFERENCES _ 30 WAC or other appicable state or federal regulation

governing the mnaement at hazardous waste, (4) The16. RSR No- N/A 17. SDAR No. 87-7A-37-401 charge code is correct.

I8. DOE NRC 741 No.N/A 19. PDR No. N/A 1- Sinasaw Dae j(b

20. Wate Description M Category 1 Q Category 3 QCategory>3 [3 RMW 0Classified
21 Point of Origin N/A 30 Wa to 3!. Waste Code (Check One)

22. Container Type 150 gal Enduropak 23. 33"dia.x49"height 0 FW QIHM 0 CL 0 WE
24. Cont VoL(m 3) .78 5. Tare Weight (kg) 114 Q W D NC SL ] GL 0 CM E T%

SDS 0N DM [3 SO 13 PR [ NC
.2& Date Packaged 12117/94 27. Gross Weight (kg) 201 QCE 0 :- LM 0 PA

28. T1rmrE Power <0.1 W/ft3 29. Dose Rate (mrcm/hr) <2 at 1'm 32. Seal No

WASTE CON eNTS DESCIUPITON
33. Article Description 34.6 37.ICSW4 38 Wa* Ah (a)

Volume % Weight (Ig) nuclide cti only) andom only)
Metal 1.50 5 H-3 1000
Plastic 5.00 10

Pyrofoarn 88.00 44

Silica Gel 5.50 28

- N - 4
9. TOTALI 100.00 87 TOTAL 1000

& ~M
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PIN#: RTH0495
WRM#: 9512-0013

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 14 liters
Remaining volume filled with pyrofoam: 173 liters
Expansion space within the 90 mil liner 155.7 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 12 0 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

155.71*2730K
MA= =6.41mole

22.4 *296*K
mole

2) Moles of helium in the system, MR,:

M, =lOOCi* Igram ' imole =3.47x102 mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), M:

0.5 molecules *100Ci*1.8 x eV
Mt- 100eV Ci*day = 9.71 x10-'mole1.539 x 10 *6.023 x 210 molecules

day mole

4) Total moles of vapor present in the system, MT

M-r = 6.41+ 3.47 x 102 +9.71x10- = 7.42mole

Maximum pressure inside the container will be:

7.42mole*1.2Q6 psi*liter *296* K
P mole**K =1.70 x10'psi

155.7liter

Pz=17.0psi* latm. =l.16atm.
14.7psi
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV z. W/3) 8. Page 1 of I
Storage/Disposal Site lntormaiion 9. PIN RTH0495

i that a physical an wane packageto the extent and 10. Waste Generator Lawrence Berkeley Laboratory
I oze of Uteapcabiedcmetto have been performed inacodcewt

SW-10-050 or Sw-OO-110- Charge Code. SO No., or MPONo. 3527800

1. Signatume Ac etanaZ 4 , 4 2.Date/ , 12. WRM No. 9512-0013

3. Ama 4. Fa 3. Unit 11 Name of Contact David Steffen/Susan Jahansooz

6. Storage Location 14 Adris, Phone L11- Berkeley Laboratary,
One Cyclotron Road. Mailsop B758-101

Module Tier Position BEkeley CA 94720 510-486-5251

7. Disposal Locatio I eartly that: (1) No capital property is included in this waste
unless documented by Pr Disal Reest and

Beginning Coordinates N W described below. (2) T the s of my knowledge, the
b C or a 0  7. 7 j information entered Deow is complete and accurate, and

the waste packaa is in compliance with WHC-EP-0063Ending Coordinates N W 7 and the Storage isposal Approval Record (SDAR). 3)1/03(9 w -7 7Unless designated a Radioactive Mixed Waste (R MW), this
waste is not a dangerous waste as defined by Chapter 173-REFERENCES 30 WAG or other applicable state or federal regulation16. governing the management of hazardous waste. (4) The16 RSR No. N/A 17. SDAR No. 87-7A-35-0401 charge code is corretr

18. DOE NRC 74L No./A 19. PDR No. N/A 15.Sigmu 4h s

20. Waste Descripwim * Category1 03 Category 3 flCategory >3 E3 RMW 0 Classified

21 Point of Origin N/A 30. Wase Cae 31. Waste Code (Check One)
22. Container Type 150 gal Enduropak 23. 33"dia.x49"height ( FW []HM 5 CL 3 K
24. Cent Vol.(m 3) .78 25.TamWeight(kg) 114 QBWQ DD ISL Q GL [3CM [3M

5 DS 1 Nt ODM Q SO PB O NC
26. Date Packaged 12/17,94 27. Gron Weight (kg) 193 Q CE Q 5S LM Q PA

28. Thermal Power El <0.1 W/ft3 29. Dose Rate (mrnm/br) <.2 at cm 32. Sa No

_WASTE CONTENTS DESCRIPTION

33. A rticle Description 4a 35.6 37. Qn ivaton 3. Weat(Etiaet mR(Fissansusvtio
Volmne % Weight (kg) nuclide Pseducts only) Tionum only)

Metal 100 5 H-3 1000

Plastic 5.00 10

Pyrofoarnt 90.50 43

Silica Got 3.50 21

39 TOTAL 100.00 79 TOTAL 1000

/-Z-
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DOE/RL-2014-43, REV. 0

PIN#: RTH0595
WRM#: 9512-0014

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 18 liters
Remaining volume filled with pyrofoam: 169 liters
Expansion space within the 90 mil liner: 152.1 liters
(Pyrofoain is approximately 90 airspace)
Total activity inside liner: 985 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

152.11*273 0 K
MA =6.27mole

22.4 *2960 K
mole

2) Moles of helium in the system, Mne:

Mge =985Ci* *gram * Imole =3.41x10mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5 Molecules *985Ci*1.8x10', eV

M 100eV Ci*day =9.56 x i-' mole1.539 x 10 *6.023x 1023 molecules
day mole

4) Total moles of vapor present in the system, MT:

M,= 6.27+3.41 x 10 +9.56 x10' =7.26mole

Maximum pressure inside the container will be:

7.26mole*1.206 psi*liter *2960K
P= mol*K =1.70 x10'psi

152.1liter

P=17.Opsi* latm. =1.l6atm.
14.7psi
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2,625m) 8. Page 1 of I
Storage/Disposal Site Informaon 9. PIN RTH0595

I crrg that a physical inspectim of the waste pakage to the extent posb1 a 10. Waste Generator Lawrence Berkeley Laboratory
cMt chc fthplcedoeumcntatier have beien performed inacodnewh

SW-I00--050 or S -100- It. 11. Charge Code. SO No.. or MPO No. 3527800

1. Signare Acceptancea~e 2 Dae/ -7 IL 12. WRM No. 9312-0014

3. Area 0  4. Faclity 5. Un 13. Name of CMatet David Steffen/Suaan Jahansooz
6. Storaga Location 14. Address Phone Lawrence Berkeley Laboratory,

One Cyclotron Road. Mailstop B75B-101
Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Location I certify that; (1) No capital property is included in this waste
unless documented by a Pro t isposal Request and

Beginning Coordinates N w described below. (2) o the s of my knowledge, theo 39e 77 9 9(, information entered elow is complete and accurate, andthe waste package is in complianca with WHC-EP-0063Ending Cordi"te N L f~ O W and the Storage/isposal Approval Record (SDAR). (3)fM -0 -7 7 6 Unless designated a Radioactive Mixed Waste (RMW), this
waste is not a dangerous waste as defined by Chapter 173-REFERENCES 30 WAC or other applicable state or federal regulation
governing the management of hazardous waste. (4) The16. RSR No. N/A 17. SDAR No. 87-7A-3J-0401 charge code is correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A 15. Signeur Dae 1 5

20. Waste Description M Categoty I Category 3 EJCategory>3 r RMW 0Classified
Z IPoiMt of Origin N/A 30 Waste Ca 3 1. Waste Code (Check One)
22. Cotianer Type 150 ga Enduropak 23 33"dia.x49"height Q FW QHM 5 CL Q E
24. Cont Vol.(m 3) .78 25. Tare Weight (kg) 114 3EW [DD 2J5L QGL 5 CM Q TW

Q DS Nt 5DM Q[S] E PB [C C
26. Date Packaged 12/17/94 27. Gross Weight (kg) 200 QCE, [ SS- LM -] PA
28.Thensal Power 5J <0.1 W/ft3 29. Dose Rate(rnrernshr) <2 at cm 32.SealNo

WASTE CONTENTS DESCRIPTION

33. Article Description 34. 35. 36. 37. Cones diS Wei-hsEstimated 93t. Radio- (Fissiosi/ACuiVALuon (TRU brUmVolume % Weight (kg) sielide Products only) and torium only)
Metal 1.00 5 H-3 985

Plastic 5.00 10

Pyrofoam 89.50 44

Silica Gel 4.50 27

- I - H - 4
39. TAL 100.001 8611 TOTAL 1 985

a __________ ________________ .5. _______________
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DOE/RL-2014-43, REV. 0

PIN#; RTH0695
WRM#: 9512-0015

Evaluation of Pressurization Potential

AU containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 15 liters
Remaining volume fitled with pyrofoam: 172liters
Expansion space within the 90 mil liner: 154.81iters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

154.81*273 0 K
MA = .4 =6.38mole

22.4 *296 0K
mole

2) Moles of helium in the system, MHB:

MU, =1000Ci* Igram * lmole =3.47 x 10^2 mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), M11:

0.5 molecules*OOOCi*L8xl10', eV

MU _ 100eV Ci*day = 9.71x 10'mole
L539 x 10" *6.023 x 10" molecules

day mole

4) Total moles of vapor present in the system, MT:

M, = 6.38+3.47 x 10-2 +9.71 x 10' = 7.38mole

Maximum pressure inside the container will be:

7.38mole*1.206 psi*liter *296 0 K
Pm= cle*K =L70 x10'psi

154.81iter

P=17.Opsi* latm. = 1.6atm.
14.7psi

D-27



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD gwv z 2rt3M) 8. Page 1 of

toTrge isposal Site normation 9. PIN RTH0695

Icerds that a physical a f s package to the extent 10.WastaGenerator Lawrence Berkeley LaboratoryCO eck of ~icW documentatci have been performed in acsinewt
SW-100-050 or SW-100-1 to 11. Charge Code. SO No.. or MPO No. 3527800

1. Signature Acceptance 2. Date 12. WRM No. 9512-0015
3. Area 4. Facility; 5. Uni 13.NameofCmntact David Steffen/Susan JahansoZ

Storage Lation 14. Address Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Locaion I certify that (1) No capital property is included in this waste
unless documented by a Pro Disposal Request and

Begisning Coordinates N W described below. (2) To the s of my knowledge, the-/)7 information entered below is complete and accurate, and
the waste packaot is in compliance with WHC-EP--0063Ending Coordinates N -y- w W -p- 4~c~ and the Storage/Disposal Approval Record (SOAR). 3)

n"ing"C7rdUnless, designated a Radioactive Mixed Waste RM , this
waste is not a dangerous waste as defined by hapter 173-REFERENCES 30 WAC or other applicable state or federal regulation

1RSRN N/A 17. SDAR No. 87-7A37 40 governg the management at hazardous waste, (4) The16 S o / 1.SARN. 8-A370-0 charge code is correct.
1.DOENRC741No.N/A 19.PDRNa NIA 15.Signasre .t.--> ~ Dam 1 5
20. Waste Description M Cstegory I 0 Category 3 3Catecgory >3 1RMW 0 Classified

21 Point at Origin N/A 30. Waste Case 31 Waste Code (Check One)
22. Container Type 150 gal Endurcpak 23. 33"dia.x49"heighLt FW QDHM Q CL Q r
24. Cont Vol.(m 3) .78 25. Tare Weiht (kg) 114 Q W Db E SL QS GL []CM T

HDS M NC 0 DM 13SO .11 PB 13 NC
26. Datic Packaged 121170)4 27. Grou Weight (kg) 194 CE 13 Q LM QPA
28. Thienstal Power ]<0.1 W/ft3 29. Dose Rate (smn/hr) <.2 at Im 32. Seal No

WASTE CONTENTS DESCRIPTION

33. As3cle.Description 3 3 37. Cozes 3. Weigt (g)33 Asce esoponEsoknatd Eat. Radijo- OPssionqActiuuo (TRU rans
Volume % Weight (kg) ndittde Poducts eonly) ad oinm y)

Metal 2.00 5 H-3 1000

Plastic 5.00 10

Pyrofoam 90.00 42

SilicaGel 4.00 23

39. TOTAL 10000 80 TOTAL 1 1000
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DOE/RL-2014-43, REV. 0

PIN#: RTH0795
WRM#: 9512-0016

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 20 liters
Remaining volume filled with pyrofoam: 167 liters
Expansion space within the 90 mil liner: 150.3 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner 980 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation,

1) Moles of air present in the system, MA:

150.31*2730 K
MA = 6.19mole

22.4 *296 0 K
mole

2) Moles of helium in the system, MHe

M =980Ci* Igram * lmole =3.39 x10- mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), Mu:

0.5 molecules*98OCi*1.8 X l1 ev

MM 100eV Ci*day = 52 x 10-'mole
1.539 x 10- * 6.023 x 1021 molecules

day mole

4) Total moles of vapor present in the system, MT:

MT= 6.19+3.39x10-2 +9.52xl10 =7.18mole

Maximum pressure inside the container will be:

7.18mole*1.206 psi*liter *296 0 K
P = mole*OK = 1. 70 X 101 psi

150.31iter

P = 17.0 psi* -Lat- =1 l6atm.
14.7psi
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (Rev z srnj 8. Page I of 4
Storage/isposal Site Information 9. PIN RTH0795

J tat a ysiOal int an of the waste package t the extent anda 10. Waste Generator Lawrence Berkeley Laboratory
= eck of e &plica donuentation have been performed inacoanewt

SW- t O-050 or SW- 100-110. 11. Charge Code, SO No., or MPO No. 3527800

1. Signatre Acceptance., 2. Date/ 12. WRM No. 9512-0016

3. Ara 4. Facility 5. Unit 13. Name of Contact David Steffen/Susan Jahansooz

6. Sorage Loation 14. Address Phone Lawrence Berkeley Laboratory,
One Cycloron Road. Mailstop B758-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Location I certify that: (1) No capital prope is included in this waste
unless documented ba Pro Disposal Request and

Beginning Coordinates N W described below. (2) the of my knowledge, the
Beinnin ota N2 >9 4 information entered below is complete and accurate, and

the waste package is in compliance with WHC-EP-co63Ending Coordinates N t,/ 2A ( W and the Storage/Disposal Approval Record (SDAR)4S)
Unless designated a Radioactive Mixed Waste R M , this
waste is not a dangerous waste as defined by Chapter 173-REFERENCES 30 WAC or other applicable state or federal regulation

16. RSR No. A 7 SDAR No. 87-7A-3$-0401 gerning the management of hazardous waste. (4) The
16.'. RS o. / . chaNo 77A3-40 ,rge code is correct.

1S. DOE NRC 741 No. NIA 19. PDR No. N/A 15. Signaere - Date cht
20. Waste Desciption 2 Category 1 "" Category 3 QCsegory >3 C) RMW 0 Classified

21 Point of Odgin N/A 30. Waste 31. Waste Code 'eck One)
22. Container Type 150 gal Endurrpak 23. 33"dia.x49"height [" OWfHM DyCL fl#
24. Cont Vol.(m ) .78 25. Tare Weight (kg) 114 QR W M NtD SL 0GL0 [ IC

- QDS E Q M QSO L PB 5 NC
fDale Packged 12/19194 27 cross Weight (kg) 193 QCE U SS 5 LM QPA

29. Tbermal Power <0.1 W/ft1 29. Dose Rate (mrem/hr) <2 at t ean 32. Seal No

WASTE CONTENTS DESCRIVI7ON

33. Article e tion 34. 35. 36 37. Curiev 38. WeiL (8)Eistmssed Eat. Radio- (ftissiof1tActivatitm (MU uranium
Volume % Weight (kg) nuclide iodts only) and Thorium only)

Metal 1.00 5 H-3 980

Plastic 5.00 10

Pyrofoen 89.00 34

Silica cel 5.00 30

39.TOTAL 100.00 79 TOTAL 980
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DOE/RL-2014-43, REV. 0

PIN#- RTH0895
WRM#: 9512-0017

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Intemal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 19 liters
Remaining volume filled with pyrofoam: 168liters
Expansion space within the 90 mil liner: 151.2liters
(Pyrofoan is approximately 90 airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressur buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

151.21*2730 K
MA= i1 =6.23mole

22.4 *296 0 K
mole

2) Moles of helium in the system, M1.:

Ms =I000Ci* 'gram * Imole . 3.47 x 102 mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), Mu:

0.5 Molecules *IQJC*18 x10',9 eV
i 100eV Ci*day =9.71x14Y'mole1.539 x l0- 23 molecules*6.023 x 10

day mole

4) Total moles of vapor present in the system, MT:

MT=6.23+3.47x10-2 +9.71x1r-' =7.23mole

Maximum pressure inside the container will be:

7.23mole*1.206 psi*liter *2960 K
P = mole**K 1.71 x 10'psi

151.2liter

P = 17,1lpsi* lt =1.16atm.
14. 7 psi
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (Ev 22593) 8. Page 1 of

Storage/Dispos Site Information 9. PIN RTH0895

I etha a physical inspection of the waste packge to the exten pos ible od a 10. Waste Generator Lawrence Berkeley Laboratory
acsceck or fth applicable docunternatico have been pesonised in acase wth

SW-OO-O5O or SW-OO-1t10. 11. Charge Code, SO No., or MPO No. 3527800

1. Signamtre Acceptance 12. Date/ 12. WRMNo 9512-4)017

3. A 4. Facility 5. i I 13. Name of Contact David Steffcn/Susan Jahansooz

6. Storage Location 14. Addmes Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Maistop B75B- 101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal t"Atiqn I certify that: (1) No capital prope is included in this waste
unless documented b a Propery I)isposal Request and

Beginning CoordinN.es N described below. (2) o the b of my knowledge, the77J 8OQ'11O o inlormation entered below is complete and accurate, and
the waste packaq is in compliance with WHC-EP-0053Ending Coordintes N qW9-64- and the Storagelisposal Approval Record (SDAR) 3)
d Coordin7Undeigned a Redoactive Mixed Waste RM this
waste is not a dangerous waste as defined by Chapter 173-REFERENCES 30 WAC or other applicable state or federal regulation

1&. RSR No. N/A 17. SDAR 87-7A- governing the management of hazardous waste. (4) The1N.M O. NIA 7. SORN.8-A3-60 charge code is correct

18. DOE NRC 741 No.NfA 19. PDR No. N/A 15. Signatu Date e

20. Waie Description M Category 1 Q Category 3 QCategory >3 [ RMW l Classified

21 Point of Ongin N/A 30. Wase Cate"s 3  31. Waste Code (Check One)
22. Container Type 150 gal Enduropak 23, 33"diacx49"heighi FW Q HM QCL D] E
24. Cont Vol.(m ) .78 25. TAre Weight (kg) 114 W C DD MSL E] GL 0CM [3 TC

Q DS N 13 DM 0 SO. E1 PH [3 NC
26. Date Packaged 12(20/94 27. Gross Weight (kg) 190 0 CE 9 Sj 9 Um 0 PA
28. Thermal Power 0 <0.1 Wjft3 29. Doe Rate (mremnhr) <2 at cm 32. Seal No

WASTE CONTENTS DESCRIPTION

33. Artile Description E6 Cst 3 io ctivaaosn . We
Volume % Weight (kg) nuclide Lt' only) ad onum cr4)

Metal 100 5 -3 1000

Plastic 5.00 10

Pyrofoam 89.00 41

Silica Gel 5.00 20

39. TOTAL 100.00 76r1 TUAL 1000

D-32



DOE/RL-2014-43, REV. 0

PIN#: RTH0995
WRM#: 9512-0018

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 35 liters
Remaining volume filled with pyrofoam: 152 liters
Expansion space within the 90 milliner 136.8 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

136.81*273 0K
MA= =5.64mole

22.4-*296K
mole

2) Moles of helium in the system, MHe:

MH' =1000Ci* lgram * imole = 3.47 x 10-2 mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5 molecules *100cC*1.8vx eV
M 100eV Ci*day = 971 x 10'rnole1.539 x 104 *6.023x 10 Molecules 9 -

day mole

4) Total moles of vapor present in the system, MT:

M-r = 5.64+3.47 x 10-2 +9.71 x 10-' = 6.64mole

Maximum pressure inside the container will be:

6.64mole*1.206 psi*liter *2960 K
Pm= c*K 1. 73x 10'psi

136.81iter

latin.P=17.3psi*a =I.I8atm.
14.7psi
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ii r. or z r tI5-:

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REv z v2 3) 8. Page 1 of I
Storage/iDspbsal Site Information 9.prN RTH0995

cnd? that a physical Is do of te ae Package to the extnt pi and. 10. Waste Generator Lawrence Berkeley Laboratory
trail eck of Us wiahave en performed in=acodnc=wtSW--100-050 or W100-1t-o. 11. Charge Code, SO Na., or MPO No. 352780D

I. Signature Accptanc4 2. Date - 12. WRM No. 9512-0018

3, A 4. Panity 5. U42- 13. Name of Contact David Steffel/Ssn Jahansoo

6. Storage Location 14. Address Phone Lawrence Baekeley Laboratory,
One Cyclotron Road. Mailstop 1752-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Location I certify that: (1) No capital propert is included in this waste
unless documented bya Propr isposal Request and

Beginning Coordinates N W ..Wdescribed below. (2) the best f my knowledge, the
-77 69(, information entered below is complete and accurate, and

the waste package is in compliance with WHC-.EP-0063
Ending Coordinates N W -y- and the Sloragoe/isposal Approval Record (SDAR 43)

Unless designated a Radioactive Mixed Waste M this
waste is not a dangerous waste as defined by hap 173-REFERENCES 30 WAC or other applicable state or lederal regulation

16. RSR No. /A7.D ANo.7-.7A-3-gerng te sanagement of hazardous waste, (4) TheNIA 7. DAR o. 7-7A3,7-Wl charge code is correct.

IS. DOE NRC 741 No.NIA 19. PDR No. N/A 15. Signaure D.

20, Waste Description * Category 1 f3 Category 3 QCasqory >3 [ RMW [3 Classified

21 Point of Origin N/A 30. Wast Cat 31. Waste Code (Check One)

l. Conainer Type 150 gal Enduropak 23. 33"dia.x49"height 5 FW []HM Q CL [ WE

24. Cot Vet(m 3) 78 25.TareWeight(kg) 114 -3 BW C D -M SL 5GL CM Q TW
. QDS 0NC [3 DN []So PB NC

26. Date Packaged 12120t94 27. Gross Weight (kg) 203 - QCB 3$ [LM .Q PA

29.Theria Power M <tli W/fat 29. Dosc Rae (mremahr) <2 at cm 32. Sea] No

WASTE CONTENTS DESCR-PTION

33. Article Description 34 35 36. 3 Cues 38. W (g)Estimated Eat Radio MiaAcai~ fk lt~u
Volume % Weigh (kg) nuclide uct only) and thorium only)

Mel 1.00 5 H-3 1000

Plastic 5.00 10

85.00 34

Silica Gl 9.00 40

39.OTAL1 100D00J 89 TOTAL I
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PIN#: RTH1095
WRM#: 9512-0019

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 64 liters
Remaining volume filled with pyrofoam: 123 liters
Expansion space within the 90 milliner: 110.7 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

l0.71*273oK
M =4.56mole

22.4 *296*K
mole

2) Moles of helium in the system, MR.:
Ml lOO i gram Iole Xj -2 oM011 00* I m, m- =3.47x mole

9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5 molecules*000Ci*1.8x10', eV
100eV Ci*day 971x10'mole

-1.539 x 10-4 *6.023 x 10 3 molecules .
day mole

4) Total moles of vapor present in the system, MT:

MT = 4.56 + 3.47 x 10-2 +-9.71 x 10' = 5.57mole

Maximum pressure inside the container will be:

5.57mole*1.206 psi*liter *296 0 K
pmole*K = 1.80x10psi

110.7liter

latm.
P=18.Opsi* 1 . =1.22atm.

14.7psi
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD wxv za m) 8. Page 1 or

Storage/Disposal Site Information 9. PiN RTH]095

I that ysical I inssoi of the waste package tothe extenpossible and a 10. Waste Generator Lawrence Berkeley Laboratory
crs hc 8fTea1e~ doarnnaica have been peufosred in accordance with

SW-l00-O5Oor SW-l3-l10. 11. Charge Code. SO No., or MPO No. 3527800

I. Signatur Acoptan se 4  %4,tr_ j 2.l -Da 77 12. WRM No. 9512-0019

3. Asta 
4

.(aci y S. ni 13.Name of Conact David SteffeW/Susan Jahansooz

6. Storage Location 14. Address Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Diposal Location I certify that: (1) No captal propertys included in this waste
unless documented by a Proe Disposal Request and

Beginning Coordinates N W ex? described below. 2) To the be of my knowledge, the
egmsy 5~/ ' information enter below is complete and accurate, and

the waste package is in compliance wIth WHC-EP-O63
EndingCoordinates N W and the Storage/Disposal roval Record (SDAR).(3)

' -~ ' ' "Unless designated a Radio ive Mixed Waste (RMW). this
REFERENCES waste is not a dangerous waste as defined by Chapter 173-
REFERENCES 30 WAC or other applicable state or Iledera regulation

. Agoverning the management of hazardous waste. (4) The16. RSR Na iN 17, 5DM No. 87-7A-374)40 charge code is correct.

MS. DOE NRC 741 No. N/A 19. PDR No. N/A 15. Signature Date

20. Waste Description Category I Q Category 3 QCategory >3 3 RMW 0 Classified

21 Point of Origin N/A 30 WaitCat$ 31. Waste Code tseck One)
22. Container Type 150 gal Enduropak 23, 33"dia.49"height [3 FW HMII] CL K w
24. Cant Val(m 

3) .78 25.TrcWight(kg) 114 5 BW N ["N []DM - 50 [JPB C NC

26. Date Packaged 12/20/94 27. Gross Weight (kg) 270 ] CE 5 8] LM 5 PA

28. Thermal Power M <0.1 WI0 29. Dose Rate (mremhr) <2 at c 1 2 Seal No

WASTE CONTENTS DESCRIPTION
33. A3icle Description 34. 35 36. 37. Curses . W

3. rtile escipronEstimated E~st. R3ii 9.so~tciac (RIJh (g

Vosnre % Weighs (kg) nuclide Products only) and orium only)

Metal 1.00 5 H-3 1000

Plastic 5.00 10

Pyrofoarn 80.0 36

Silica Gel 4.00 25

Tar 10.00 80

39. TOTAL 100.00 156 TOTAL 1000

/- 3
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PIN#: RTH1195
WRM#: 9512-0020

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 109 liters
Remaining volume filled with pyrofoam: 78 liters
Expansion space within the 90 mil liner: 70.2 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner 999 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 milliner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

70.21*2730"K
MA = = 2.89mole

22.4-.--*2960 K
mole

2) Moles of helium in the system, Mn,:

Me = 999Ci* Igrai* lmole = 3.46 x 10-zmole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5 molecules*999Ci*1.8x 101 eV

Mx 6.023 molecle = 9.70 x 10-mole

day mole

4) Total moles of vapor present in the system, Mr:

MT = 2.89 + 3.46 x10 2 +9.70 x 10- = 390mole

Maximum pressure inside the container will be:

3.90mole*1.206 psi*liter *296 0 K
P = mole**K -1.98 x 10' psi

70.2liter

P =19.8psi* =1.35atm.
14.7psi
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD av 2.6as0) 8. Page I of

Storage/Disposa Site Information 9. PIN RTH1195

Is3 hat a tySiCa Ofpcritohe was phaag to the exs pble aik 10. Waste Generator Lawrence Berkeley Laboratoryeco he lcae documnentation have been peormed in acrac il
SW-100-050 or SW-100-1 10. 11. Charge Code, SO No., or MPO No. 3527800

1. SignaturC ACCPtSncC2, Dai-.. 12. WRM No. 9512-0020

3. Ams' 4. Facilityc 5. U 13. Name of Contsact David Stlffen/Susan Jahansooz

& Storage Locatio 14. Address Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tir Posidivi Berkeley CA 94720 510-486-5251

7. Disposal Location I certify that: (1) No capital property is included in this waste
unless documented by a Pnoprt Disposal Request and

Beginning Coordinates N W described below. (2) Tothebt of my knowledge, the
W -7 7 06?(, information entered below is complete and accurate, andthe waste package is In compliance with WHC-EP-0063Ending Cooedinates N C W -- - 4 and the StoragelDisposal Approval Record (SDAn) 1,

Unless designated a Radioactive Mixed Waste (RM ,his
waste is not a dangerous waste as defined by Chapter 173-REFERENES 30 WAC or other applicable state or federal regulation

.SgAR ov e7-7A-37-0401 . vrning the management of hazardous waste. (4) TheK6 RSR No, N/I 17. SDRM.8-A3-41 charge code is correct.

18. DOE NRC 741 No. N/A 19. PDk No, N/A 15.Signatmure D/tjD.

20. Waste Description * Category 1 [ Category 3 [ Category >3 13 RMW [ Classified

21 Poim of Origi NA 30. Waste C. 1. Waste Code (Check One)
22. Container Type 150 gal Enduropak 23. 33"dia.x49"height ! FW E HM " CL N E/

- E]OWQ[3Dt) MSLO1GLO13CM M24. Cont Vol(m 3) .78 25. Tare Weight (kg) 114 I MW NC 9IDM O SO P8 C NC
26. Date Packaged I/20/94 27. Gross Weight (kg) 27I CE Q . OLM []PA
2t. Thennal Power M <0.1 W/ft3 29. Dose Rate (msrem sh) <.2 at Ion 32. Seal No

WASTE CONTENTS DESCRIPTON

33. Article Description 34. 36. 37. Curies 38. Weik )Estimated lit. Radio- (fssaaosActivauion (TuCrgrsrr
Volume % Weight (kg) nudile Noductpxaly) -

Metal 1.00 5 H-3 999

Plastic 5.00 10

Pyrofoarn 73.00 32

Silica Gel 700 27

Tar 14.00 90

39 TOTAL 100.00 164 TOTAL 999
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PIN#: RTH 1295
WRM#: 9512-0021

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 96 liters
Remaining volume filled with pyrofoam: 91 liters
Expansion space within the 90 mil liner: 81.9 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner 999.5 Ci

The following calculation assumes that all tritium has decayed(i.e: 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

81. 91*2730 K
MA= 1 = 3.37mole

22.4 *296*K
mole

2) Moles of helium in the system, MH.i:

Me =999.5Ci* lgram Imole = 3.46 x10- 2 ole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5 molecules*999.5Ci*18 x 0 eV
100eV Ci*day

1.539 X 10 *6.023 x 103 molecules
day mole

4) Total moles of vapor present in the system, MT:

MT = 3.37+3.46 x 10- +9.71 x 10- = 4.38mole

Maximum pressure inside the container will be:

4.38mole*1.206 psi*liter *296 0 K
P= mole**K =1.91x101psi

81.9liter

latm.P =19.lpsi* 1a.ms = L 30atm.
l4.7psi
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD axv z 60am) 8. Page I of I

Storage/Disposal Site Informaton 9. PIN RTH1295

[certfy u a Mysical ins ci of the package so the csient oible and it 10. Waste Generanor Lawrence Berkeley Laboratory
cross check of~t !picole dcmentatcashave been Perfornmed in accordance with
SW-100-050 orSW'-MO-1 10. 1. Charge Code. SO No., or MPO No. 3527800

1. Signature. A n=ptaRX4  4 - 2. Date/% 12. WRM No. 9512-0021

3. Are.. 4. Pac ily 5. U 13. Name of Ccnmact David Steffen/Susan Jahansooz

6. Storage Location 14. Address Phone Lawrence Berkeley Laboratory.
One Cyclotron Road. Mailsop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Loestion I certily that: (1) No capital property is included in this waste
unless documented ba Proffr Disposal Request and

Beginning Coordinaies N W described below. (2) the of knowledge, the
m77 3'L information entered below is complete and accurate, and
the waste packag is in compliance with WHC-EP-0063

Ending Cootdinates N w -- -7 06 and theStorage/Disposal Approval Record (SDAR)S)
Unless designated a Radioactive Mixed Waste (RM , this
waste is not a dangerous waste as defined by Chapter 173-REFERENCES 30 WAC or other applicable state or federal regulation
governing the management oi hazardous waste, t4) The16. RSR No. NIA 17. SDAR No. 87-7A-3e-0401 c i correct.

I . DOE NRC 741 No, N/A 19, PDR No. N/A 15.Signt . Doe lo 1
20. Waste Description M Category 1 [3 Category 3 Q Category >3 El RMW f Clasified

21 Point dOrigin N/A 30. Wae Cate 31. Waste Code (Check One)
22. Ccntainer Type 150 gal Enduropak 23- 33"dla.x49"height ( k Fw IHM S] CL 0
24. Ccnt Vol.(m 3) .78 25. Tare Weight (kg) 114 [ BW [ DD MSL GL 5 C ] NC

jj DS 0NC .[ DM 0 SO [] PB [] NC
26. Date Packaged 12/21/94 27. Gross Weight (kg) 269 5 CE [ SS [ LM 5 PA
28. Thennal Power 0 <01 W/fM3 29. Doze Rate (mrfmlr) <.2 at Icm 32. Sea No

WASTE CONTENTS DESCRI PION

33. Auricle Descrpion 34 5 36. 37. Curites 38. WeL(S)Estimnated EMt Radio- Aciato (PRO Cranium
Volume % Weigh(lafg) Iselide IrVd111 only) a onm only)

Metal 1.00 5 H-3 999.5

Plastic 5100 10

Pyrofoamn 76.00 35

Silica Gel 6.00 34

Tar 12.00 71

39. TOTAL 100,00 155 1 TOTAL 1 999.5
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PIN#; RTH1395
WRM#: 9512-0022

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 5 liters
Remaining volume filled with pyrofoam: 182 liters
Expansion space within the 90 mil liner: 163.8 liters
(Pyrofoam is approximately 90' airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

163.81*273 0K
MA- = =6.75mole

22.4 *296 0K
mole

2) Moles of helium in the system, MHe:

igram imo le
M. = 1000Ci* 96160 * 3moae = 3.47 x 10- mole

96l6Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5molecules *100Ci*1.8x 9eV
100eV Ci*day =9.71x 10'moleL539x10A *6.023 x 1023 molecules

day mole

4) Total moles of vapor present in the system, Mr:

M- = 6.75 + 3.47 x 10-2 + 9.71 x 10-' = 7.75mole

Maximum pressure inside the container will be:

7.75mole+1.206 psi*liter *2960 K
P= mole*IK =.69 x 10'psi

163.8liter

P =16.9psi* latm. =1.l5atm.
14.7psi
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD tv 2.675m) 8. Page 1 of I

Storage/Disposa Site Informauon S. PIN RTH 1395

cu that a pysica bietion of the waste package to the etent posible and a 10. Waste Generator Lawrence Berkeley Laboratory
roseck of te ~ca Re documentation have bern performed int accordan with

SW-100-050 or Sw 0. I1. Charge Code. SO No., or MPO No. 3527800

L Signanre Acneptmn> 2. Dare/. 12. WRM No. 9512-0022

3. Area 4. Facility/ 1  5. Unit r, C 13. Name of Contact David Steffen/Susan Jahansooz

6. Storige Location 14. Address Phone Lawrence Berkey boratory,
One Cyclotron Road. Mailstop B75B-10]

Module Tier Position Berkeley CA 94720 510--46-5251

7. Disposal Location I certify that: (1) No capital property is included in this waste
unless documented by a Propet Disposal Request and

Beginning Cwordinates N W described below. (2 To the s of my knowledge, theC u77&941 information entered below is complete and accurate, and
the waste packaq is in compliance with WHC-EP-0063Ending Coordinates N W and the Storagetisposal Approval Record (SDAR )-7 -7 Rk' 'Unless designated a Radioactive Mixed Waste (RMWthis

REFERENCES waste is not a dangerous waste as delined by Chapter 173-
REFERENCES _ _ 30 WAC or other applicable state or federal regulation

16. RSRNo. N/A 17, SDAR No- 87-7A-3-0401 governing the management of hazardous waste. (4) The
-7-3-0iD charge code is correct.

1S. DOE NRC 741 No.NIA 19. PDR No. N/A 15.Signatore Date

20. Waste Description * Category 1 [3 Category I Q Caegory >3 [ RMW 0 Classified

21 Point of Origin NIA 30. was Cate 31. Wate Code_ (Check One)
22. Container Type 150 Sal Enduropak 23. 33"diVTx49"eight flRW 0M CL Q 0
24. Cont Vol(m 

3
) .78 2. Te3Weit (kg) 114 DM * N [ - SL L CM 0 T

.79 25Tae~cihL~kg)114 E DS M Nt [I Dm Osq pB E] KC
26. Date Packaged 12/20/94 27. Gross Weight (kg) 187 EICE 3 S [ LM QPA
28 Thernal Power M <0.1 W/fts 29. Dose Rate (mrem/r) <.2 at Lm 32 Seal No

_W ASTE CONTENTS DESCRIPTION

33 Article Description 34. 5. 36. 37. Codes 38. Weight (g)EstimnateA Eat. Radio- (FissonActivation Zmu ranumsVolume % Weight (kg) nuclide 5..c"s only) wd Tonum only)

Metal 0.50 2 H-3 1000

Plastic 5.00 10

'refoan 93.50 54

Silica Get 1.00 7

39.TOTAL 1 00 73 TOTAL 1000 
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PIN#: RTH1495
WRM#: 9512-0023

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner. 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 104 liters
Remaining volume filled with pymfoam: 83 liters
Expansion space within the 90 mil liner: 74.7 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner 983 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressue buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

MA = 74.71*273 0K =3.08mole
22.4 *2963K

mole

2) Moles of helium in the system, MH,:

Igramn imole
Mj = 983Ci* *- =3.41x 10-2nole

96l6Ci 3gram

3)Moles of hydrogen in the system (maximum), M":

0.5 molecules *983Ci*1.8O' eV
MU = 100eV Ci*day - 9.54 x10-'mole

- 1.539 x 10-4 *6023x 10" molecules
day mole

4) Total moles of vapor present in the system, MT:

MTr = 3.08+ 3.41 x10-2 +9.54 x10' = 4.07mole

Maximum pressure inside the container will be:

4.07mole*l.206 psi*liter *296*K
P= - mole**K =1.94 x 10' psi

81.9iter

P= 19.4psi* lati. =1.32atm.
14. 7psi

D-43



DOE/RL-2014-43, REV. 0

LOW--LEVEL WASTE STORAGE/DISPOSAL RECORD (Ruc zw=) 8. Page 1 of I
Storage/Disposal Site Infonnation 9. PEN RTH1495

Icey that aQhysical inspection of the Wase package to the extenpossibieanda 10. Waste Generator Lawrence Berkeley Laboratory
cross check ofo a cakile documentsation have been pesformned in accordance with
SW-100-050 1o 00-110. IL Charge Code. SO No., or MPO No. 3527800

1. Signature Accepwne 12. Date/, 7 F 12. WRM No. 9512-0023

3. AreaZ k 4.Pacility'pr5.ni /cra 4.- Faii "'. Cc I 13. Name of Contact David Steffen/Susan Jahaswooz
6. Storage Location 14. Address Phone Lawrence Berkeley Laboratory,

One Cyclotron Road. MailStop B75B-101
module Tier Position Berkeley CA 94720 510-486-5251

Disposal bocatcon I certify that: (1) No capital prope is included in this waste
unless documented b a Pro isposal Request and

Beginning Coordinates N - W described below. (2) o the stof my knowledge, the6 0 0 t 3 6 information entered below is complete and accurate and
the waste package is in compliance with WHC-EP-6063Ending Cosatas N3 0 W -7 S? and the Storage/Disposal Approval Record (SDAR) 3)
Unless designated a Radioactive Mixed Waste M , this
waste is not a dangerous waste as defined by Chapter 173-REFERENCES 30 WAC or other applicable state or federal regulation
ov17. SDAR No. 87-A -ning the management of hazardous waste. (4) TheWS MS No, /A. ~ ? DRN. -7A-3-0401 charge code Is correct.

18. DOE NRC741 No.N/A 19. PDR No. N/A 15. Signature - r Date kt
20. Waste Description E Categosy 1 C3 Category 3 )Catgory >3 Q RMW ] Classified

21 Point of Origin N/A 30. Wase Cae 31. Waste Code (Check One)
22. Container Type 150 g al Enduropak 23. 33"dia.x49"height 5 . [ W 5] HM E CL 5 %T
24. Ccnt VoL(m 

3) .78 25. Tare Weight (kg) 114 QBW r DD E SL flGL [ CM E T
r iDS NC 5DM ]:SO 5 PB QNC

26. Date Packaged 12122194 27. Gross Weight (kg) 264 0 CE 5 SS 5 LM 9 PA

28. Thmeral Power M W.1 W/fk3 29. Dose Rate {mrncm/r) <.2 at Ict 32.Seal No

WASTE CONTENTS DESCRIPTION
3. AtceDsrpin34. 36. 37. Curies 38, Weight (j)33. Article Descri Estimated HaL Radio- (Fs ctivation 38U rarsu

Volume % Weight (kg) nuclide roacts only) aThorium only)

Metal 1.00 5 1-1-3 983

Plastic 5.00 10

Pyrofoarn 76.00 40

Silica Gel 6.00 39

Tar 12.00 56

39. TOTAL 100.00 150 TOTAL 983

/- .2
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DOE/RL-2014-43, REV. 0

PIN#: RTH1595
WRM#: 9512-0024

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 108 liters
Remaining volume filled with pyrofoam: 79 liters
Expansion space within the 90 mil liner: 7 1-1 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

71.1*273 0 K
MA = 1 =2.93mole

22.4-i'2960 K
mole

2) Moles of helium in the system, MHe:

M, =1000Ci* Lgram ,* mole = 3.47 x 10mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), M:

0.5 molecules*1000Ci*1.8x 10'9  e
- 100eV Ci*day = 71x10'mole1.539xlh * molecules -*6.023 x 10

day mole

4) Total moles of vapor present in the system, MT:

MT = 2.93+3.47 xl10 +9.71x 10' = 3.93mole

Maximum pressure inside the container will be:

3.93mole*1.206 psi*liter *296*K
P = mole*aK -=1.98x0psi

71.lliter

P=:19.8psi* latm. .1.34atm.
14.7psi
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD OtEV 2M25/) 8. Page I of
Storage/Disposd Site Informaion 9. PIN RTH1595

[ certify hnpyiais oots
crass reset o f the dC te package so the e t possible and 0. Waste Geneatr Lawrence Berkeley Laboratoryihapiaedurentiton have beenperformed in accordance withSW-I0O-050 or SW- 30--110. 11. Charge Code. SO No., or MPO No. 3527800

. Signatur: Acceptance LS 2. Date/- 17 12. WRM No. 9512-0024

3. Ama 4. Facity z /. srt 13. Name f Contact David Steffen/Susan Jahansoo.

Storge LocatIon 14. Addrss Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Msilstop B75B-101

Module Tier PositioA Berkeley CA 94720 510-486-5251

7, DiosaJ Location I certify that: (1) No capital property Is included in this waste
unless documented b a Pro Disposal Request and

BeginningCoordinates N w described below. (2) To the boat of my knowledge, the(.,s O C C information entered below is complete and accurate, and0 N ? the waste packaqe is in compliance with WHC-EP-0063Endting Coordine N W ;and the Storagellisposal Approval Record (SDAR). 3)
Unless designated a Radioactive Mixed Waste (RMW, this
waste is not a dangerous waste as defined by Chapter 173-REFERENCES 30 WAC or other applicable state or federal regulation

16. RSRNo. N/A 17. SDAR No. 87-7A-3-0401 governing the management of hazardous waste. (4) The
16 NA1. D RNo. 91 charge code is correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A

20. Waste Description M Category 1 Q Category 3 0 Category >3 -RMW 0 Classified

21 Point of Origin N/A 30. Wase Cae 31. Wane Code (Cherk One)
22. Container Type 150 gal Enduropak 23. 33"dia.x49"height [] FW []HM 5 CL [ N5
24. Coot Vol.(m 3) .78 25TareWeigh(kg) 114 5 BW [ DD IDSL GL 5 C QCM [.78 257ar'Weghtft)114 [ DS IMNC [3 DM 0 SO [] PB [3 NC
26. DatePacaged 12/22)94 27.GcossWCighr(kg) 270 ]CF 0 SS [3 LM 5 PA
28. Thermal Power E <0.1 W/110 29. Dose Rile (mmeam/r) <2 at I cm 32. Seal No

._WASTE CONTENTS DESCRIPTION

33. Article Description 34. 35. 36. 37.Curies 38. Weilhij33Eaieeant stimated Est Radio- C~sjcAcvation (TRU I 1turn
Volume % Weight (kg) Ieclide only) and Titorism esly)

Metal 1.00 5 H-3 1000

Plastic 5.00 10

Pyrofoen 74.00 36

SilicaCl 7.00 0

Tar 13.00 55

39. TOTAL IOO.j i56 TOTAL 1000

'-- .2-
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DOE/RL-2014-43, REV. 0

PIN#- RTH1695
WRM#: 9512-0025

Evaluation of Pressurization Potential

All containers placed inside the 90 milliner have been punctured.
Internal volume of the 90 milliner 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 35 liters

Remaining volume filled with pyrofoam: 152 liters

Expansion space within the 90 mil liner: 136.8 liters

(Pyrofoan is approximately 90 airspace)
Total activity inside liner: 997.05 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),

and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case

scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system. MA:

MA= 136.81*273*K =5.64mole
22.4 *296 0 K

mole

2) Moles of helium in the system, Mue:

M, = 997.05Ci* gram * L-Ole = 3.46 x10-2 mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), Mg:

0.5 molecules*997.05Ci*.8x 10s eV

100eV Ci*day = 9.68 x l0- mole
H" ~ -1.539 x 10o *6.023 x10" molecules

day mole

4) Total moles. of vapor present in the system, Mr:

M1 = 5.64 + 3.46 x 10-2 +9.68 x10~' = 6.64mole

Maximum pressure inside the container will be:

6.64mole*1.206 psi*liter *2960K
p = mole**K = 1.73 x10'psi

136.81iter

P=17.3psi* atmi. =1.l8atm.
14.7psi
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (P.vE22,st93 8. Page 1 of I

Storage/Disposa Site Infonnadon 9. PIN RTH 1695

[ cofy Stats physical inspricr of the waste package to thre extent possible and a 10 Waste Generator Lawrence Berkeley Laboratory
cross check of tealicabe do arian hav been performed in accordance with
SW-100-050 o SW-100-1 to. 11. Charge Code. SO No., or MPO No. 3527800

1. Signature Acceptance 'Z:._ j2. Date) -- 7 12. WRM No. 9512-0025

3. Area 4. Pacility , , 5.!Unit 13. Nsme of Conact David Steffen/Susan Jhamooz

6. Storage Location 14. Address Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. isposu Location I certify that: (1) No capital property is included in this waste
unless documented a Propr7 Disposal Request and

Beginning Coordinates N . described below. (2) To the bes of my knowledge. the
,rigCrntNW 7 information entered below is complete and accurate, and

the waste package is in compliance with WHC-EP-0063
Ending Coordinates N W the Storage/Disposal Approvi Reord (SDARI. 3)7 96? Unless designated a Radioactie Mixed Waste (RI$W , this

waste is not a dangerous waste as defined by Chapter 173-
REFERENCES 30 WAC or other applicable stale or federal regulation

governing the management of hazardous waste. (4) The
16. S No. N/A 17. SDAR No. 87-7A-37-0401 charge ode is correct.

I. DOE NRC 741 No. N/A 19. PDR No, N/A l5. Signa Da . 95

20. Waste Description Z Category 1 Category 3 Q Category >3 0 RMW 0 Classified

21 Point f Origin. NIA 30. Waste Cae 31. Waste Code (Check One)

22. Cotainer Type 150 gal Enduropak 23. 33"dia.x49"height f D F SL QOL Q CL D

24. Cont Vol.(m ) .78 25.TaeWeight(kg) 114 [ DS E3NC QOM QSSO Q PB [ NC

26. Date Packaged 12/21/94 27. Gross Weight (kg) 225 Q CE l SS E LM 9 PA

2.hennal Power M <0.1 W/ft3 29. Done Rae (mrenVhr) <.2 s l cm 32. Seal No

W ASTE CON"ENTS DESCRrP11N
33. Aric Deiption 134. 35 36- 37. Cursies 38. Weghs (

Arice esritinEStrate ME. Radio_ (PisatonlActivatios (TRU Uanw
Volume % Weight (kg) nuclide Products only) andorium nly)

Metal 6.00 26 H-3 997.05001

Plastic 8,00 15

Pyrofoam 82.00 39

Silica Gel 3.00 21

Tar 1.00 10

39. TOTAL 100.00 t TOTAL 997.05001

/-2
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DOE/RL-2014-43, REV. 0

PIN#: RTH1795
WRM#: 9512-0026

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 14 liters
Remaining volume filled with pyrofoam: 173 liters
Expansion space within the 90 mil liner: 155.7 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

MA- 155.71*273 0K 6.4l1nole
22.4 -- *2960 K

mole

2) Moles of helium in the system, MH1 :

M = 1000Ci* igram Imole = 3.47 x 10- mole
9616Ci 3gran

3)Moles of hydrogen in the system (maximum), MH:

0.5 molecules *1000Ci*1.8x 10', eV
100eV Ci*dayM - 1.539x104 *6023xlO2 molecules .m oe

day mole

4) Total moles of vapor present in the system, MT:

MT = 6.41+3.47 x 10-2 +9.71 x10-' =7.42mole

Maximum pressure inside the container will be:

7.42mole*1.206 psi*liter *296*K
P5= mole**K 1.70 x10'psi155.71iter

latm.
P=17.Opsi* at. =i.L6atm.

14. 7psi
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2. 0/2503) 8 Page 1 of

Storage/Disposal Site Information 9. PIN RTH1795

I cerd tata ysical of he waste package to die extent T e and 10. Waste Generator Lawrence Berkeley Laboratory
edS ct ofo e anlcb edoanentatiar hatvebeen performnedin acodane with

.SW-1(-50 or S 1 110 11. Charge Code, SO No., or MPG No. 3527800

1. Signature Acceptance C L 4  2. Date/ 7-7 12. WRM No. 9512-0026

3. Ar 4. Facility 5.Unt 13. Name of Contact David Steffen/Susan Jahansoor

6.Siageaption 14. Addru,, phooe Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailsop b75B1-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Location I certify that: (1) No al pro is included in this waste
unless documented t*a Prp Disposal R."uest and

Begin NCoordinae N W described blow. ) To thN 7A my knowledge, the
~~f-799{p information entered below is complete and accurate, and

the waste packag is in compliance with WHC-EP-0063Ending Coorintes N W0 0 I .-7 c3R ( And the Storatgisposal Approval Record (SDAR )
Unles designated a Radioactive Mixed Waste (RW, tis
waste is not a dangerous waste as defined by Chapte 173-REFERENCES 30 WAC or other applicable state or federal vagulation

16. RSR No. NIA 17. SDAR No. 87-7A-33-0401 cag sis~ correct.meto aadu a 4 h

18. DOE NRC 741 No.N/A 19.PDRNo, N/A 15. Signature Date 5
20. Wane Deacription M Category I 5 Category 3 QCategory >3 5 RMW 5 Claesified

21 Point of Origin N/A 30. Wat C tt& 3 1. Wasta Code Chek One)
22. Container Type 150 gal Enduropak 23. 33"dia.x49"height t PW [ HM CL 5 N
24 Cot VoL(m 3) 78 25.TareWeight(kg) 114 UBW Q D SL QL CM- QrA2 DS k N DM []SO PB .NC
26. Date Packaged 1221)94 27. Gross Weight (kg) 114 QCE 5 S$ LM Q PA
28. Tharmal Power IM <0.1 WIt3 29. DoeRacr(num/hr) <2 at k'cm 32. Seal No

WASTE CONTENTS DESCRIPTION J.
33. Article Description 34. 35. 36. 37. Cur~s 3. Wetn (g)Estimated Est. Radio- (rnssiog7Activato (MULVolume % Weight (kg) clide Prodsq. nly) and iuo

Mel 1.00 5 H-3 I00O

Plastic 5.00 10

Pyrofoamn 91.00 38

Silica Gel 3.00 17

39.TOTALI 100.00 7 TOTAL 1000

/- .e_.
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DOE/RL-2014-43, REV. 0

PIN#: RTH 1895
WRM#: 9512-0027

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 100 liters
Remaining volume filled with pyrofoam: 87 liters
Expansion space within the 90 mil liner: 78.3 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

78.31*2730K
MA = 1 . =3.23mole

22.4 *296*K
mole

2) Moles of helium in the system, MHe:

MH, =lOOOCi* lgram * imole =3.47 x 10-2 mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5_molecules*1000Ci*,.8 eV

M 100eV Ci* day
H 1.59 x 04 amoleules 9 71x 10'mole1.539 x] f *6.023 10molculs
day mole

4) Total moles of vapor present in the system, MT:

MT = 3.23+ 3.47 x 10 2 +9.71x 10' = 4.23mole

Maximum pressure inside the container will be:

4 .23mole*1.206 psi*liter *2960 K
P = mole*K = L93 x10'psi

78.3liter

P=9.3psi*-Latm =1.3latm.
14.7psi
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2 2.5,3) 8. Page 1 of;

Storage/Disposal Site Information 9. PIN RTH1895

I tha a physical inrio of i waste pacage e en a t. Waste Genertor Lawrence Berkeley Laboratory

SW-100-h50aov c 0n-ro0. I1. Charge Code, SO No., or tMPO No. 3527600

1. Signature AceptaInj2. Datlc/ 12. WRM No. 9512-0027
3. 4. Faci/ity r_ 5. Utit 13. Name of Contact David Steffen/Susan Jahanscoc

6. Storage Location 14. Address Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7 Disposalocadion I cerlify that: (1) No capital property is included in this waste
unless documented bya Pro Disposal Request and

Beginning Coordinates N W described below. (2) To the of knowledge, the
e)3 ) 5 4 information entered elow is complete and accurate, and

the waste package is In compliance with WHC-EP-0063
Ending Coordinates N (4 W 7 and the StorageDispa A roval R erd (SDAR

________________________________________ Unless designated a Radio actv Mixed Waste (FMW), this
waste is not a dangerous waste as defined by Chapter 173-REFERENCES 30 WAC or other applicable state or federal regulation

16. RSR No. NA I. SOAR No. 87-7A-33-0401 govering the management of hazardous waste. (4) The
16 S N.1 luto SA o a-A-300 charge code is correct.

18. DOE NRC 741 No. N/A 19. PDR No. N/A 15.Sigsm D. ( q5
20. Waste Description * Category 1 Q Category 3 3 Category >1 0 RMW f Classified

21 Point of Origin N/A 30 Wast CAte 31. Wane Code (Check One)

22 ContainerType 150gal Enduropak 23. 33"dia.x49"height 5 FW QHM 5 CL Q
24. Can VoL(m 3) .78 25. Tare Weight (kg) 114 U BW U iC M SL IG O C Q N

[] DS 0NC - DM SO [I PR E] NC
26. Date Packaged 12/21)94 27.GrossWeight(kg) 263 QCE E SS 9LM OPA

28. Tharmid Power <0.1 W/3 29. Dose Rate (nrtr) .2 at t cm 32. Seal No

WASTE CONTENTS DESCRIPTION
33. Article 3escripio 36 37 Cones 3. Weiaht (g)

33. Aricl DseotissEainaaed Eat. Radio- (PissiomnjAcition (MU0(Iaa
Volume % Weight (kg) - euclide Products only) andoum only)

Metal 1.00 5 H-3 1000

Plastd 5.00 10

Pyrofoam 76.00 37

Silica Gel 6.00 37

Tar 12.00 60

39. TOTAL 1000 149 TOTAL 1000

/-.
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DOE/RL-2014-43, REV. 0

PIN#: RTH1995
WRM#: 9512-0028

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 65 liters
Remaining volume filled with pyrofoam: 122 liters
Expansion space within the 90 mil liner: 109.8 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner: 999.6 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

109.81*273 0 K
MA L = 4.52mole

22.4- *296 0K
mole

2) Moles of helium in the system, M

MHe =999.6Ci* g m 3mole 346 x10 2mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5 molecules *999.6Ci*1.8x101' eV
- 100eV Ci*day 9.7 xl01mole1.539x0-4 23 molecules

*6.023 x 10
day mole

4) Total moles of vapor present in the system, MT:

M, = 4.52 + 3.46 x IW2 + 9.71 x 10-' = 5.53mole

Maximum pressure inside the container will be:

5.53mole*I.206 psi*liter *296*K
p= mole*"K 1.80X tpsi

109.8liter

P=18.Opsi* latn. =1.22atm.
14.7psi

2
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (sv2,sKm) 8. Page 1 of I

Storage/Disposal Site Information 9.PIN RTH1995

Sc ti a ysical nir able and a 10. Waste Generator Lawrence Berkeley Laboratory
eo:ceck of Teapplicable documentation have been performed in mocoortce with

SW-100-050 or SW-1 0O-1 10. 11. Charge Code, SO No., or MPG No. 3527800

1. Signatue Acceptance 2. Date 12. WRM No. 9512-0028

3. Area 4.PFa5lity .Uni 13. Name of Contact David Steffen/Susan Jahansooz

6. Storage Location 14. Address Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Diqswpo cation I certify that: (1) No capizal proper is included in this waste
unless documented by a Prope isposal Request and

Begirning Coordinates N W described below. (2) To the bestof my knowledge, the
Sv^ny 7 nformation entered below is complete and accurate, and

the waste packae is in compliance with WHC-EP-0063Ending Coordinates N W and e torageisposal Approval Record (SDAR 43)
________________________ _ =e____ Unls designate a Radloatve Mixed Waste 1RWthis

waste is no a dangerous waste as defined by Chapter 173-REFERENCES 30 WAC or other applicable state or federal regulaion
NM governing the management of hazardous waste. (4) The16. RSR No, N/A 17. SDAR No. 87-7A-34 01 charge code is correct.

IS. DOENRC741 No.N/A 19.PDRNo. N/A 15. Signatre 9 - .'Da. j
20, Waste Description U Category I 9 Category 3 QCtegory >3 o RMW 9 Classified

21 Point of Origin NIA 30. Wa C te 31 Waste Code (Chk One)

22. Couiainer Type 150 gal Enduropak 23. 33"dia.x49"height - FW [] S M . CL r
24. Cxnt VoL(m 

3) .78 25. Tare Weight (kg) 114 'BW D D I n SL 5 GL [3 CM M N
[] DS MNC [3DM [3SO _QPB El NC

26. Date Packaged 12t22/94 21 Gross Weight (kg) 228 QCE SS 9 LM Q PA

2l. Thermal Power * <0.1 W/V3 29. Doso Rae (mren/hr) <.2 ai an 32. Seal No

WASTE CONTENTS DESCRIPTION

33. Article Description 34. 35. 36. 37. Cunes 38, We (g)Estimtated IEL. Radip- (jFsuiaonActiv abior .IR ranu
Volume % Weight-(kg) nuclide rauca only) an u -nly)

Metal 1.00 5 H-3 999.6

Plastic 5.00 10

Pyrofoan 83.00 39

Silicecl 5.00 30

Tar 6,00 30

39. TOTAL 100.00 114 TOTAL 9996

/- .2
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DOE/RL-2014-43, REV. 0

PIN#: RTH2095
WRM#: 9512-0029

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 108 liters
Remaining volume filled with pyrofoam: 79 liters
Expansion space within the 90 mil liner: 71.1 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner 996 Ci

The following calculation assumes that all tritium has decayed(ie. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

71.11*273 0 K
MA I -2.93mole

22.4 *296 0K
mote

2) Moles of helium in the system, MH:

MH, =996Ci* lgram * Imole =3.45 xI0'mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

5 molecules *996Ci*I:8cx1' v

H 100eV Ci*day 967x0-mole1.539x10- *6023x 102 molecules -

day mole

4) Total moles of vapor present in the system, MT:

MT = 2.92+ 3.45 x 10-2 + 9.67 x 10-' = 3.93mole

Maximum pressure inside the container will be:

3.93mole*1.206 psi*liter *296 0 K
P= mole*0 K -1.97x10psi

71.Iliter

P=19.7psi* -La-tm = 1.34atm.14 .7 psi
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DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD owBv z oase/ 8. Page I of

Storage/Disposa Sie Information 9. PIN RTH2095

that a Osical in o the waste pakaetooheexen a 10. Waste Generator Lawrence Berkeley Laboratoryc cnifwnntabnaavebea periormwid in acnac i
SW-/050 or MI 0 10 1. Charge Code, SO No., or MPO No. 3527800

1. Signatume Acceptance c 2. Date/ p - 12. WRM No. 9512-0029

3. Ame 0 4. Facl%- 5. Uni 13. Name of Contact David Steffen/Sumsa Jahansooz

6. Storage Location 14 Addres Phone Lawrece Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal ction 1 certify that: (1) No capital property is included in this waste
unless documented Ia Prog: Disposal Request and

Beginning Cowrdintes N W described below. (2) the of my knowledge, the
ytO ,90 -7 information entered below is complete and accurate, and

the waste package Is in compliance with WHC-EP-0063Ending Cocadinaee N CA 2/)) W 7 7 and the Storage/Disposal Appval Record (SDAR.3)
Unless designated a Radioactive MIxed Waste (R thia
waste is not a dangerous waste as defined by Chapter 173-REFERENCES 30 WAC or other applicable state or federal regulation

16.RSN 17. SARNo. 87-7A-35-0401 governing the management of hazardous waste. (4) The
16 IS a N 7 DR o 77-S00 charge code is correct.

1L DOE NRC 741 No.N/A 19. PDR NO. N/A 15. Signature - Date

20. Waste Desedpfcin M Category 1 f Category 3 []Category >3 [ RMW OClauified

21 Point of Origin N/A 30. Was C e 31. WasteCode (Check Onc)
22. Container Type 150 gal Enduropak 23. 33"dia.x49"heigt BW DO QHHCL .CL N

24.CentVo.(n 3) .78 25. Tare Weight (kg) 114 [ DS 1 NC [O QS O -PC Q NC

26. Date Packaged 12/22/94 27. Gross Weight (kg) 277 [ CE 3 S LM [ PA
29. Therrna* Power 0 <0.1 W/(t3 29. Dose Rae (mmmAtr) c2 at I cn 32. Seal No

WASTE CONTENTS DESCRITION

33, Article Description 3stimated 6L i- 37. Activuon is. Wei (
Volume % Weight (kg) nuclide Produett only) ad oium only)

Metal 2.00 7 H-3 996

Plastic 5.00 10

Pyrofoamn 78.00 40

Silica Gel 7.00 50

Tar 800 56

- I - 4-44-4 I
19. TOTAL 100.00 163 TOTAL 1 996

- C - as - a
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DOE/RL-2014-43, REV. 0

PIN#: RTH2195
WRM#- 9512-0030

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner: 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 104 liters
Remaining volume filled with pyrofoam: 83 liters
Expansion space within the 90 mil liner: 74.7 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner 914 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

74.71*2730 K
MA= I=3.08mole

22.4 *296 0 K I

mole

2) Moles of helium in the system, MH,:

M = 914Ci* igram * Imole = 3.17 x lOmole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5 molecules 914Ci-1.8x eV
100eV Ci*day 887x1T'ole1.539,x 10: * molecules = -*6. 023 x 10
day mole

4) Total moles of vapor present in the system, MT:

MT = 3.08+3.17 x 10' +8.87 x 10' = 3.99mole

Maximum pressure inside the container will be:

3.99mole*l.206 psi*liter *2960 K
P = mole*K 1.91x10'psi

74.7liter

P=19.1psi* latn. = 30atm.
14.'7psi
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-a.
LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2,503) 8. Page I of

Storage/Disposal Site Information 9. PIN RTH2195

I certif that a rtial inspection of the waste package to the exr poi and 10. Waste Generator Lawrence Berkeley Laboratory
cos a heo Nplcbe docuiments ott have been performed inaooae wt
SW-tW[C5Oor 1W- IM 1l, Charge, Code, SO Nn, or MPO No. 3527800

I. Signature Aceptance12. Date/ 12. WRM No. 9512-0030

3. A 4. Faciity Unitf 13. Name of Contact David Steffen/Susan Jahansooz

6. Storage Location 14. Address Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Location I certify that: (1) No captal prope Is included in this waste
unless documented ba ProaI uest and

Begmning Coordinates N - W described below. (2) o the s of my knowledge, thew c-776 4 inlormation entered below is complete and accurate, and
the waste packar is in compliance with WHC-EP-0063

Ending Coordinates N W -7 1 and the Storage sposal Approval Recrd (SDAR )
__________________________________________ nless designated a Radioactive Mixed Waste (Pa v, this

waste is not a dangerous waste as defined by haper 173-REFERENCES 30 WAC or other applicable state or federal regulation
16. RSR No. N 17 SDAR N 87-7A-33-0401 governing the management of hazardous wase. (4) The

16 S o t '.SA o 77-3M charge code is correct.

18. DOE NRC 741 No.N/A 19. PDR No. N/A 15. signatu Dat. Dat

20. Waste Description M Category 1 0 Category 3 C Category >3 0 RMW E] Classified

21 Point of Odgin N/A 30. Waste Cat 31. Waste Code (Cheek One)
22. Container Tyrpe 150 gal Enduropak 23. 33"diasx49'height J3 FIN [HM [0 CL ] NE

[] W 3 D3 l3L QGLQ[3CM [3 M
24. Cant Vol.(m 

3) .78 25.TaseWeiht(k&) 114 D S M NC [3 DM QSo 0 PB KC

26. Date Packaged 12/23/94 27. Gross Weight (kg) 273 3l SE f LM QPA
26.1crinat Power E <0.1 W/t3 29. Dose Rate (mremrnr) <.2 at t ern 32. Seal No

WASTE CONTENTS DESCRIPTION

33 . Artice Descripion 536 37. Cries 38. Welh33 ril DsnonEstimated Eat, Radio- (Fitsion/Activstwon (PRO aum
Volume % Weight (kg) nuclide rroduts only) and Thmcium only)

Metal 2.00 10 H-3 914

Plastic 5.00 10

Pyrofoam 73.50 39

Silica Gel 6.50 39

Tar 13,00 61

39. TOTAL 100.00 159 TOTAL 914
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PIN#: RTH2295
WRM#: 9512-0031

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 25 liters
Remaining volume filled with pyrofoam: 162liters
Expansion space within the 90 mil liner: 145.8 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner: 1000 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system, MA:

145.81*273 0 K
MA= =6.01mole

22.4 *296 0 K
mole

2) Moles of helium in the system. Mn.:

Me = lOOCi* igram * imole = 3.47 x 10-2 mole
966Ci 3gram

3)Moles of hydrogen in the system (maximum), MH:

0.5 molecules V1000Ci*1.8 x e
MH- 100eV Ci*day -9.71 x10'mole1.539 x 10- .molecules.. * 6.023 x 10"

day mole

4) Total moles of vapor present in the system, MT:

MT = 6.01+ 3.47 x 102 + 9.71 x10' = 7.01mole

Maximum pressure inside the container will be:

7.Olmole*1.206 psi*liter *296*K
P 1mole*K =1.72x10'psi

145.Siter

P=17.2psi* latm. =1.l7atm.
14.7psi
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD s vz3) 8.Page 1 of I -
/r/

Storage/Disposal Site Informadon 9 PIN RTH2295

ICerify thata physical ins pect f the waste package to the extenpomsbecanda 10. Waste Generator Lawrence Berkeley Laboratory
cross dieck of he'piedocumentaflca have been performed in accordance with
SW-1(050 or S 00110 I,. Charge Code, SO No.. or MPO No 3527800

S.Signtmre Aceptance 2.
4 Date/- - 12. WRM No 9512-0031

3.A4. Facility 7  - 5. Unir 7  13. Name of Contact David Steffen/Suan Jahansooz

6. Storage Location I4 AddressPhoCm Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Dispoal Lcatim I certify that: (1) No capital propery is included in this waste
unless documented ba Propert Disposal Request and

Begirming Coordinates N - Wdescribed below. (2) Ttha bes of my knowledge, the1-7 7c !' t on entered elow is omplete and accurate, and
the waste package is in compliance with WHC-EP-0063

Ending Coordinates N C 7 and the Storage/Disposal Approval Record (SDAR. 3)7 7Unless designated a Radioactive Mixed Was (RIW, this
waste is not a dangerous waste as defined by Chapter 173-

REFERENCES 30 WAC or other applicable state or federal regulation
16. RSR No, N/A 17. SDAR No. 87-7A-3-0401 g g t mnagerment of hazardous wase. (4) The

SlSDOE NRC741 No N/A 19.PDRNo. N/A 15. Signatere Date 4'M5

20. Waste Description * Category 1 Q Category 3 0 Category >3 0 RMW O Classified

21 Point of Ongin N/A 30. Wa Ca e 31. Wate Ccdt (Check One)

22. Container Type 150 gal Enduropak 23. 33"dia.x49'height E FW [HM 0 ] CL f N
flEW [3 D Eg]SL D]OL [IlCM flFW24. Cunt Vol.(m 3) .78 25. Tar Weight (kg) 114 B N DD S O GL P CM NI13 DS MNC '7 DM []So [3 PB NC

26, Date Packaged 12/23/94 27.UrossWeight cg) 195 I [] S O LM [ PA

28, ThensualPower M <0 IW/ft1 29. Dow Rate (mremjhr) <2 a lien 32.SealNo

WASTE CONTENTS DESCRIPTION

33. Arnicle Description 34. 35 6 37. Cfti . W& Cg)
Volune % Weight fg) nutide Products only) and Thorium aty)

Metal 2.00 8 H-3 low

Plastic 5.00 10

Pyrofoam 87.00 36

Silica Gel 6.00 27

39. TOTAL 100.00 81 TOTAL 1000
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PIN#: RTH2395
WRM#: 9512-0032

Evaluation of Pressurization Potential

All containers placed inside the 90 mil liner have been punctured.
Internal volume of the 90 mil liner 187 liters (22" diameter x 30" height).
Volume taken up by metal cans and silica gel: 34 liters
Remaining volume filled with pyrofoam: 153 liters
Expansion space within the 90 mil liner 137.7 liters
(Pyrofoam is approximately 90 airspace)
Total activity inside liner 783 Ci

The following calculation assumes that all tritium has decayed(i.e. 120 years have passed),
and that all gas generated remains inside the 90 mil liner. Thus this represents a worst case
scenario for maximum pressure buildup.
See Attachment D to WSDR for complete description of pressurization calculation.

1) Moles of air present in the system. MA:

MA = 137.71*273 0 KMa = 5.67mole
224 1*2960 K

mole

2) Moles of helium in the system, Mfl:

MH, = 783Ci* Igram *lmole = 2.71 x104mole
9616Ci 3gram

3)Moles of hydrogen in the system (maximum), M[:

0.5 molecules *783Ci*1.8eV 10

MH~ 1x100eV * 2 = 7.60x10-'mole1-539 x 10' 03moeue* 6,023 x 1. oeue
day mole

4) Total moles of vapor present in the system, MT:

M, =5.67 +-2.71 x 10.2 +7.60 x 10-' = 6.46mole

Maximum pressure inside the container wil] be:

6.46mole*1.206 psi*liter *296 0 K
P= mole*0 K =1.67x10'psi137.7llter

P=16.7psi* -atm. =1.14atm.
14.7psi
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV 2wm3) 8. Page 1 of I

Storage/Disposal Site Information 9. PIN RTH2395

Iceni a sical s on f the ste kage to the extent sle and 10. Waste Generator Lawrence Berkeley Laboratory
.Cross ck of the qcab~le docusmentation have been perfonmed iss ac1dnc ih
SW-100-00 orSW-100-110. 11. Charge Code, SO No., or MPO No, 3527800

1. Signatwre Accepance cr4 2. Date/ _-l7 1 12. WRM No. 9512-0032

3.Awsa 4 Facility 5. Uni 13. Name of Contact David Steffen/Susan Jahansooz

Storage Location 14. AddressPhone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailste B75B-101

Modale Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Location I certify that: (1) No capital prope is included in this waste
unless documented b a Pro isposal Request and

Beginning Coordiates N esW dcribed below. (2) To the btof my knowledge, theL1' 30 () >-e577 23 information entered below is complete and accurate, and
the waste packae is in compliance with WHC-EP-0063

Ending Coordinates N /4/610,j W 7766'6 and the Storagel isposal Approal Record (SDAR)43)
Unless desinated a Radio ive Mixed Waste this
waste is not a dangerous waste as defined by Chapter 173-

REFERENCES 30 WAG or other applicable state or federal regulation
t6.RSRN. N/A I17.g rARNo. 87-7A-3h-040t e management of hazardous waste. (4)The

t6RRo NI 7I DRo 77-400 charge code is correct.

It.DOENRC741 No.N/A 19.PDR No. NIA 15.SignaDtre De &
20. Waste Description a Category 1 0 Category 3 3 Category >3 [3 RMW fl Classified

21 Point of Ofin N/A 30. Waste Cs( 3 1 Waste Code (Check One)
22. Conuiner Type 150 gal Enduropak 23 33"dia.x49"height 1f FW OHM C CL Q r

QBwf[3D) 0SL- fOGL QCM C1T
24. Cnt VaL(m ) .78 .Tare Weight (kg) 14 C D N DM Q0 G ] PB Q Nw

26. Date Packaged 12/23)94 7. Gross Weight (kg) 208 .Q CE ] SS QLM EPA
29. Thermal Power * <C,! Wft3 29. Dose Rate (mrer/hr) <2 at I cm 32. Seal No

WASTE CONTENTS DESCRIPTION

33. Article Dkscripton 34' 35. 36. 37. Curie 38. Weight ()33. AticleDetpEsonimated Et. Radss-ion/Acivation (R Uaut
Volome % Weight (kg) nuctide reucs only) orum only)

Metal 2.00 10 H-3 783

Plastic 5.00 10

Pyrofoamn 85.00 36

Silica Gel 8.00 38

39. TOTAL 10.001 941 TA 783
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REv z w5/3) 8. Page 1 of

Storage/Disposa Site Information 9. PiN RTL0195

I eetif thata Qysical i on ofthe wste pakage to the extent possible and 10. Waste Generator Lawrence Berkeley Laboratory
. eck fbevh dannatcs have bee perforimd in accordance wich

SW- I O0-09, Wl 011'0 11. Charge Code, SO No., of MPO No- 3527800

1. Signature Aceptance - 4fac2 2. Date/ 12. WRM No. 9512-0001

3. Are&o 4.Pacyii / 5. Unit 13. Name of Contact David Steffen/Susan Jahansooz

6. Storage Location 14. Addres Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Dipotal Lation I tertity that: (1) No capital prope is included in this waste
unless documented a Pro isposal Request and

Beginning Coordinates N W described below. (2 the a of my knowledge, the
(2 Ycc 7 &Y4 information entered below Is complete and accurate, and

the waste package is in compliance with WHC-EP-0063"nding Coordinates N -7? ) W Y 6 and the Storage/Disposal Approval Record (SDAR) C)
" 3490 W Unless designated a Radioactive Mixed Waste R . this

waste is not a dangerous waste as defined by Chapter 173-
REFERENCES 30 WAC or other applicable stale or federal regulation

.87-1C-3 40 governing the management of hazardous waste. (4) The16. RSR No. N/A 17. SDAR No. 871-J4j charge code is correct.
-,- '-/ / (.141 C

18.DOENRC74IN. N/A 19.PDR No. N/A 15. Signature i.t Date 1 C

20. Waste Description * Category 1 0 Category 3 QCategory >3 0 RMW 0 Classified

21 Point of Origin N/A 10. Wae ue 31. Waste Code jheck One)
22. Conainer Type 55 gal drun 23. 24"dia.x35"heigh R FW M Q CL O NE
24. Cont Vol(n 3) .208 25. Tare Weight (kg) 18 Q os * t SL 1]0 050 tjCM 0T 

[] DS IMN~t DM (3 SO tPB [] NC
26. Date Packaged 10/07/94 27.Gros Weight (kg) 133 flCE 0 S$, Q LM PA'

28. Thermal Power Cc <0.1 W/fit 29. Dose Race (mrern/hr) <.2 at c [h 32, Seal No

._W ASTE CONTENTS DESCRIPON

31 Article Description 34, 3d . 36. 37 Cutet i -38 W641,st (g)Estimated ESL R~lio- PcnnActivation (TRU lUramum
Volume % Weight (kg) nuclide ducts only) and Torium oly)

Metal (Plates, Tubing. Etc.) 3.01 6 H-3 19.1

Silica Gel 53.11 53

1Ormil Liner 1.00 2

Absorbent (Super Pine) 41.88 53

Anticorrosion Radpad I.o0 I

39. TOTAL 1000J 115 TOTAL 19.1

D-63



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REv 2.5/m ) 8. Page 1 of

Storage/Disposal Site Infornnation 9. PIN RTL0295

ccthta ia .rdwsof th waste pckage t the extent possible andj 10. Wase Generator Lawrence Berkeley Laboratory

SWhvb-e or SNed100-1 10. 11. Charge Code. SO No., or MPO No. 3527800

1.Signature Acceptance 2. Date - 12. WRM No. 9512-0002

3. 4. Facility 2  5. Unir/V/ 13. Name of Contact David Steffen/Susan Jahansoo.

6. SwrageLocation 14. Addess Phone LawrenceBerkeley Laboratory,
One Cyclotron Road. Mailstop B75B-40l

Module Tier Position Berkeley CA 94720 510-486-5251

7. Dipoal Location I certily that: (1) No capital prope is included in this waste
unless documented by a Prupt isposal Request and

BOemn Cordnates N W . described below. (2) To the betof my knowledge, the/0 0 w 779 9 Information entered below is complete and accurate, and
the waste pac e is in compliance with WHC-EP-0063

ding Coordinates N Wand the Storage/Disposal Approval Record (SDAR 43)
I ~- 7 ' !F~ ' ""' UlsdeiaedaRdocieMwWat(M), this

waste is not a dangerous waste as defined by Chapter 173-
REFERENCES 30 WAC or other applicable state or federal regulation

SRSR N N/A 17. SAR N 87-C-3-0401verning the management of hazardous waste. (4) The
16 IS co I 7 DRNo 7I-JM harge code is correct.

I8. DOE NRC 741 No N/A 19. PDR No. N/A l5.Signa Date & 95
20. Wane Description * Category 1 9 Category 3 E Category >3 [ RMW 0 Cl03ied

21 Pont of Origin N/A 3D. Waste Cat 31. Wame Code Check One)
22.ContainerType 55 galdrum 23. 24"dia.35"height" -he & o 3 FW ]HM [ CL [ N
24. Cont VoL(m 

3) .208 25.TareWeight(kg) 18 L M NC 3DM D0 . CM NC

26. Date Packaged 10/07j94 27. Gross Wei& k) 123 C] CE 0 SS [ LM 5 PA -

2. Thennal Power I <0.1 W/t 3 29. Dose Rate (mrerrj) <.2 at Ien 32. Seal No

WASTE CONTENTS DESCRIPTION

33. Anice.6scrip.on 3 37. Curies 38. Wtih(A)33. Aisce esritirtEstissated EEL Radio)- tiasion/Activtso 11U
Volume % Weight (kg) nuclide Products only) dorUIn only)

Metal (Plates, Tubing, Etc.) 2.51 5 H-3 19.05.

Silica Gel 44.10 44

10 mil Liner 1.00 2

ABSORBENT (Super Fine) 51.39 53

Anticorrosion Radpad 1.00 1

39. TOTAL 100.00 105 TOTAL 19.05
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD 2tvzqzem) a. Page I of
Storage/Disposal Site Inormatdon 9. PIN RTL0395

c f hath aphy o t waste package to the extent i e 10 Waste Generator Lawrence Berkeley Laboratory
cci of tho aplicit cdomithave beeinperfonedi acordncewih

SW-10X-050 or SW-100,-110. 1L Charge Code. SO No., or MPO No. 3527800

. Signamre Accepceor S2. Dat/ 9 y 12. WRM No 9512-003

3. A 4. Faci2 5. U 13. Name of Contact David Steffer/Susan Jahansooz

6 Storage Location I4 Address Phone Lawrence Berkeley Laboratory,
One Cyclorn Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Dispoasal Locatin I certify that: (1) No capital propertyis included in this waste
unless documented by a Prope isposal Request and

tleginningCoordinates N w descnbed below. (2) To the bestof my knowledge, theZ1 700 ~--7 6q information entered below is complete and accurate, and
the waste package is in compliance with WHC-EP-.0063Ending Coordinases N ndW dthe Storage/Dlsposal Approval Record (SDAR. 4 3)
Unless designated a Radioactive Mixed Waste a , thiswaste is not 9 dangerous waste as defined by Qhapter 173-REFERENCES 30 WAC or other applicable slate or federal regula ion

16. RSR Na. N/A 17. SDAR No. 7-C-3-0401 governing the management of hazardous waste. (4) The16. SR o. NA 9-1 C3J-401 charge ode is correct.
'Zf' / (./ 

__18. DOE NRC741 No.N/A 9 PDR No. N/A 15.Signature Dat 1
20. Waste Description * Category 1 E Category 3 OCategory>3 0 RMW Clasified

21PointofOrigin N/A 30. WaeCate 31 Waste Code (dheck One)
22. Ctainer Type 55 gal drum 23. 24"dia.x35height' C LFW O HM Q CL QWE

E4] (W Dp. M SL O]GL Q CM [3 14. .20Tare~e (k) 18[] DS Nt [O DM []SO } PB O3NC
26. Date Packaged. 11A07/94 27.GrossWeig Ig) 110 QCE 3 SW QiLM [ PA

28. Thrmal Power M <0.1 W/ftI 29. Doa elte (mrem/hr) <.2 at cin 32. SealNo

WASTE CONTENTS DESCR:PTION

33. Article Description Em ' adio36 - 37.rcuivaon (8 r Ummen
Volume % Weight (kg) nudide du only) and t oy)

Metal (Plates. Tubing. Etc.) 2.00 4 H-3 20

Silica Gel 36.08 36

10 mil Liner 1.00 2

Absorbent (Super Fine) 59.92 49

Anticorrosion Radpad .oo 1

- I * * - I 4
TOTAL 100.0j 92 TOTAL 20

- I ~ I .5±
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (Rxv z 8. Page 1 of

Storage/Disposal Site Information 9. PIN RTID495

I cenif "aa physica inspection of the waste package to the extentpoaaible anda 10. Waste Generator Lawrence Berkeley Laboratory
cro. eck of the i b docmnadoo have been performed in scodance with
SW-100-050ors SW-100-110. 11. Charge Cod. SO No.. or MPO No. 3527800

I Signature Ac ptna 2. Dale 12. WRM No. 9512-0004

3. Ars 4. PaclIty 5. Unit _. 13. Name of Contact David Steffen/Sasan Jahansooz

6. Storage Location 14. Address Phone LawrcBrkeley Laboratory,
One Cyclotron Road. Mailstop 175B1-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Disposal Location I certify that: (1) No capital property is incuded in this waste
unless documented ba Prope Disposal Request and

Beginnig Coordinates N W described below. (2) To the be of my knowledge, thet/v ic -~-7 S information entered below is complete and accurate, and
the waste package is In compliance with WHC-EP-0063

Ending Coordinates N W and the Storage/Disposal Approval Record (SDAR )Yo -6e) 7 7 L Unless designated a Radioactive Mixed Waste CRM ,tthis
waste Is not a dangerous waste as defined by Chapter 173-

REFERENCES 30 WAC or other applicable state or federal regulation
16. RSR N N/A 17. SDARNogoverning the management of hazardous waste. (4) The

16. SR o, /A 1. SAR o. 8-IC3J-401 charge code is correct.

I S. DOE NRC 741 No.Nl/A 19. PDR No. N/A 15. SignaDt

20. Waste Description * Category 1 Q Category 3 [ Category >3 0 RMW Q Classified

21 point of Origin NA 30. Waste Cate 3 1. Waste Code (Check One)

22. CnainerTypc 55 gal drum 23. 24"dia.x35"height" Q FW QIHMQ CL 3 WL
Q BW Q DD1 SL f la Q CM O TW

24. Cont Vol.(m 3 ) .208- 25.TareWeight(kg) 18 5 W DS * N @5 DMd 950 0 Pa 0 NC

26. Date Packaged 11$07/94 27 Gros Weight (g) t17 QCE C3 S$ LM Q PA

29. Thenral Power -. W <0.1 WlNS 29. Dose Rate (mreso/hr) <.2 at em 32. Seal No

WASTE CONTENTS DESCRIPTION

33- Aricle Description 35. 36. 37 Cuyes3.We g )33. Ande esripio Esinace Bt.Radio- Fiioql/Aeivauion (niU
Volume % Weight (kcg) slucide F~droonly) soAM oim ay

Metal (Plates, Tubing Etc.) 2.51 5 H-3 19.06

Silica Gel 45.10 45

10 mil Liner 1.00 2

Absorbent (Super Fine) 50,39 46

Anticorrosion Radpad 1.00

- p - p - H -, p
39. TOTAL 100.1j TOTAL 19.06

= a ______ a n ~ Ws s

D-66

9911



DOE/RL-2014-43, REV. 0

LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REv d25/3) 8. Page 1 of [
StoragefDisposa Site informaion 9. PIN RTL0595

I tht a physicalin of package to the extent possibe wida 10. Was-e Generator Lawrence Berkeley Laboratory
dcmentaton have been performed in accordance withSW--100-050 S ---- 110 11. Charge Code, SO No.. or MPO No, 3527800

1. Signatumre Acceptance 2. Date/ 7 12. WRM No, 9512-0005

3. A 4. Aaciliy 5. Uni 13. Name of Contact David Steffen/Susan Jahansooz

6. Storage Location 14. Addms phone La- Brkeley Labratry.
One Cyclotron Road. Mailstop 275B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7. Dispos. Location I certify that: (1) No capital prop. is included in this waste
unless documented by a Prope Disposal Request and

Beginning Coordinates N 1 w descr1bd below, (2)To the bestof my knowfedge, the
~ }) ~ 35

'({ information enter below is complete and accurate, and
the waste package Is In compliance with WHC-EP-0063Ending Coordinates N W -) and the Storage/Disposal roal Record SDAR 3)
Unless designated a Radioactive Mixed Waste JRM I this

REFRENCES waste is not a dangerous waste as defined by Chapt er 173-
REFERENCES _ _ 30 WAC or other applicable state or federal re ulation

16. RSR N N/A 17 AR No. 87-C-3J-0401 governing the management of hazardous was e. (4) The1L.//RNo N/ 17i DRN. 71- charge code is correct.

I. DOE NRC 741 No./A 19 PDR No. N/A 15.Signatwo Dare 1 1

20. Waste Description W Category 1 E Category 3 5Category>3 5 RMW 3 Claaied

21 Point of Origin N/A 30 Waste Care 31 WasteCode (Check One)
22.Cotainer ype 55 gal drum 23. 24"dia.x35"height" QFW OHM D CL 3 E
24. Cnt VoL(m

3) .208 25. Tare Weight tg) 18- QW [ D& [SL OGL Q CM 3 M
. ] DS MN' 5 DM ] SO5 PB [ NC

26. Date PRckaged 12/05,94 27.GrossWeighf(kg) 117 5 CE 3 S 3 LM O PA

28.nennal Power * <0.1 W/fts 29. Dose Rate (memhr) <.2 at cm 32. Seal No

WASTE CONTENTS DESCRUP-ON

33. Anicle Description 34, 35. 36. 37. Con 35. W6t (g)Etataed Est. Radio- Activation (T UramumVolume % Wei&jt ) nudide N.. 'ct only) hos and tho'r;iony)

Metal (Plates, Tubing. Etc.) 2.51 5 H--3 19.05
Silica Get 44.10 44

10 mil 4Linr 1,00 2

Absorbent (Super Fine) 51.39 47

Anticorrosion Radpad 1.00 1

39. TOTAL 100.001 991 TOTALE19.05
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD (REV2.w m) 8. Page I of

Storage/hsposa Site information 9. PIN RTL0695

I t a ysical ispecton of the waste packageto the extent possible aid a 10. Waste Generaor Lawrence Berkeley Laboratory
tsi hck t i he lbe documemwdon have been performed in accordanc with

SW--0O-O50 or S-0-110. 11. Clarge Code. SO No-, or MPO No- 3527800

1. Signature Acceptance -7a 2. Dat 12.WRM No. 9512-0006

3. A 4, Faciityl/ 5, U1 13.Name of Contact David Steffen/Susan Jahansooz

6. Storage Location 14. Address Phone Lawrence Berkeley Laboratory,
OreCyclomon Road. Mailsiop B75B-101

Module Tier Position BerkeieyCA 94720 510-486-5251

7. Disposal Lecation I certify that: (1) No capital propetis included in this waste
unless documented b Proe Disposal Request and

Beginning Coordinates N W . described below. (2) T the be of my knowledge, the07o -7 2 J9 4 information entered below is complete and accurate, and
the waste pack is in compliance with WHC-EP-0063

Endig Coordinates N W 7 and the Storgmaposal Approval Record (SDARA,4 hY~ 0 3 cx.S Unless des 'nated a Radioactive Mie W a p thi73
waste is no a dangerous waste as defined by Capter 173-

REFERENCES 30 WAC or other applicable state or federal regulation
16. RSR No. N/A 17. SDAR No. 87-C-3-0401governing the management of hazardous waste. (4) The

1 6 .t /S N oII 7 D R N o 7 I - J 0 c h a r g e c o d e is c o r r e c t .
IS. DOE NRC 741 No, NIA 19. PDR No. N/A 15. Signtur e 4 95
20. Waste Description * Category 1 0 Category3 Caegory>3 D RMW fl Classified

2! Poisn of Origin N/A 30 Was 31. Waste Code (Check One)
22. Conainer Type 55 gal drum 23. 24"dia.x35"height" 0 P'W Q HM D3CL QN[

[] W t D6 U SL Qj t, Q3CM QMl
24. Cont VoL(m 3) .208 25. Tare Weight (kg) 18 C1 DS E NC 1 DM 550Q G ] PE 0 NC

26. Date Packaged 12)05/94 27. Gross Weight (k) 118 Q CE 53 S$ LM 1 QPA
28. Thermal Power <0.1 W/tS 29. Dose Rate (mrnvhr) <.2 at cm 32. Seal No

WASTE CONTENTS DESCRIPTION

33. Aicle Description4 35. 36. 37 Curi 38. WeI ht (g)33. ArtcleNecipuonBltinated PatL Radio- (FaasorrAcsrvation AlUi'rnsz
Volume % Weight (kg) nuclide Products only) and Thormum only)

Metal (Plates, Tubing, Etc.) 2.51 5 H-3 19.05

Silica Get 44,10 44

10 mil Liner 1.00 2

Absorbent (Super Fine) 51.39 48

Anticorrosion Radpad 1.00 1

39.TOTAL 101 100 1TOTAL 1 19.05

D-68
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LOW-LEVEL WASTE STORAGE/DISPOSAL RECORD aV 2, 6'2503) 8. Page 1 of

Storage/Disposal Site Information 9. PIN RTL3094

I cef tai a yuicun athe wasp pacage tot extent possible and a 10- Waste Generator Lawrence Berkeley Laboratory
cosderk of The applile docurnentadecn have been Performed in accordance with

SW-100-050 or S -l-I. 11. Charge Code, SO No., or MPO No. 3527800

1. Signature Accepmancez2. Dae 12. WRM No. 9512-0007

3. Area 4.Pac .Un 13. Name of Contact David Steffen/Susan Jahansooz

& Storage Locaoon 14. Add.e, Phone Lawrence Berkeley Laboratory,
One Cyclotron Road. Mailstop B75B-101

Module Tier Position Berkeley CA 94720 510-486-5251

7- Disposal ncation I certify that: (1) No capital propertyis included in this waste
unless documented a Pro isposal Request and

Beginning Coordinates N - W , described below. (2) the a of my knowledge, the1jC 300 O W information entered below is complete and accurate, and
the waste pack au is in compliance with WHC-EP-0063Ending Coordinates N W and the Storage/Disposal Approval Record (SDA ) s

-Unless deslp nated a Radioactive Mixed WasteA(RMIWS',i
waste is no a dangerous waste as defined by hapter 173-REFERENCES 30 WAC or other applicable state or federal regulationS~aN AIS AZS7ES' governing the management of hazardous waste. (4) The16. RSR No. N/A 17. SDAR No. 87--IC-31-4401 Echarge c 5o is correct.

IS. DOE NRC 741 No.N/A 19. PDR No N/A l5.Sirawwr Date 5
20. Waste Description * Category I E Category 3 flCategory >3 0 RMW f3 Classified

21 Point of Origin N/A 30. Waste Cate 31 Waste Code (Check One)
22, Container Type 55 gal drum 23. 24"dia.x35"height" 0 'W Q HM 0 CL Q WE

DBWO[3Db M S-L - Q 1 ICM E3rI-
24. Cont Vol(m 3) .208 . Tar Weight (kg) 18 0 * N 5 S O P T

SDS 0~ N9 C DM [ISO 13 PB U NC26. Date Packaged 09/21/94 27. Gross Weight (kg) 13 0 CE 0 SS L] LM QPA
28. Thenral Power 5 <0.1 W/t 29. Dose Rate (mrentihr) <.2 at 1 cm 32. ScsiNo

WASTE CONTENTS DESCRIPTION
33. Anicle Description 34. 5 36. 37. Cures 38. Wet ()Estimated Eat, Radio- (Pisaion/Acuivation (TRm uannVolume % Weigha (kg) Inuclide Pods only) and "u nly)

Metal (Plates. Tubing, Etc.) 2.51 5 H-3 18.03

Silica Get 4410 44

10 mil Liner 100 2

Absorbent (Super Fine) 51.39 43

Anticorrosion Radpad o 1

39.7TOAL wa0.N0 95 TOTAL 18.03 . I

D-69
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Appendix E

218-W-5 Green Island Waste Burial Records
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Low-level Burial Grounds
Mixed Waste Disposed in Unlined Trenches Since 8/19/87

etiraf Gand $rgfJ Iti Dete AtUP WdC
218-W-5 22 > 9002-02-39 8/20190 LBL
218-W-5 . 22 9002-02-43 8/20/90 LBL
218-W-5 22 9002-02-44 8/20/90 LBL
218-W-5 22 A9002-02-45 8/20/90 LBL
218-W-5 22 9002-02-46 8/20/90 LBL
218-W-5 22 9002-02-47 8/20/90 LBL
218-W-5 22 ' 9002-02-48 8/20/90 LBL
218-W-5 22 . 9002-02-49 8/20/90 LBL
218-W-5 22 M 9002-02-51 8/20/90 LBL
218-W-5 22 9002-02-52 8/20/90 LBL
21 8-W-5 22 .9002-02-53 8120/90 LBL
218-W-5 22 9002-02-54 8/20/90 LBL
21 8-W-5 22 9002-02-55 8120/90 LBL
218-W-5 22 9002-02-56 8/20/90 LBL
218-W-5 22 9002-02-57 8120/90 LBL
21 8-W-5 22 - 9002-02-58 8/20/90 LBL
21 8-W-5 22 9002-02-59 8/20/90 LBL
218-W-5 22 9002-02-60 8/20/90 LBL
218-W-5 22 9002-02-61 8/20/90 LBL
218-W-5 22 9002-02-62 8/20/90 LBL
21 8-W-5 22 9002-02-40 8/22/90 LBL
218-W-5 22 9002-02-41 8/22/90 LBL
21 8-W-5 22 9002-02-42 8/22/90 LBL
218-W-5 22 - 9002-02-50 8/22/90 LBL

A/ qs-w,4-q-

E-1
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LBL ID # 1-3-90 ~Q

SOLID WAStSORAGE/DISPOSAL RECORD Page ol -

a pWaste Designation 3 TRU )( LtW 2] MW [I C + 5 Classled

I certify thata p ylical rnectaon otte i e packages to the ertent SWSDR N. (nHOt WRITE IN THIS 5PALEJ O -

possible and a cross check ol the applica ocumtation ave beenLJ0
performed in accordancewith TO-100-050 or TO -100-1 0 Waste Generator Lawrence Berkeley Laboratory

Signat ure-Acce tance ate Chaige Code. SO No.. or MPO No PO 4688506

WRM No 9002

Area Faci 1y Unit Name of Conta02 (Type or Prnt Clearly)
I c o-tron Road 2 : B7 51

Addies(Phonep eloy ( 4 (

StoraeLocation S01) I certity that: (1) No capital property As inicided in this waste r'e[ss
Storage L 1)documented by a Property Disposal Request and descibed below (2) To

Module Ter Posinthe best of my nowledge. the information entered below is complete and
accurate, ard the waste package ii in compliance with WHC EP 0063 and
the Storage/Disposal Approval Record (SOAR) (3) Unless designated a
Mixed Waste (MW tht waste s not a dangerous waste as defined by

Chaper 1F W or therappicabe sate or federal iegulai,on

Disposal Location (Da1) govemning e mana emrent Of ha ous waste (4)D charge code is

go~wnmg Gordinaies N W ,
dg Coodinates N W /

WA STE PA CK AGE INFORMA TION /hysical Descr Ion of'wdste aid Com ments

Qx 0 - - D 00oiroces N/A Tar, diatomnite, plastic 32 ea.
cnpTiAtERTYPE 55 allon drum 'xWxiORDxL N/A steel cans, (1 gal.) - silica

E of CON INIR 091gel

18HIRM/ POWER9 os W kr

Dose Rate (mremlhr) 0.03 at I cm NEUTRON (> 20 miern/hr) N/A .

REFERENCES FISSION/ACTIVATION RADIONLCLIDES
- - (Do not include Uranium. Thorium, or TRU Elements)

ioiO4 LNZA-VUC-4 As"UO N/A 1.A41,1.D" ci RaDIONucLIDE ci

soaiESTsN N/A sOR o x23xIAsSX 23-1A-3J--2 3H 872
WASTECATEGORY WASTE CON4TENTS DESC-RiPTiON

t17.41 n -K01 WASTt DESk~IpfiGS VOLUM[E WEII4HT1 ag)

D a . tor 60 105.2
n DD
o DS diatomite 26 26,8

5
0m rk- 1astr . . 1-

steel 4 11.7

WAS~cDE-- .

*rii*t p s ilica gel 5 3.2

L] CL [3 WD
51 ] GL -

E PB 0 NC
LM TOTALS . T0 O 14 TOTAL 872

TRU/FISSILE/SOURCE MATERIAL [Uramo. Thorium. and TRU elemenxs) Rtx WAxTd E 1

ELtEMENT 150rOPIC DISTIBUTION OtW11ilf Y WEIGHT(9 'U'A 4w tl

N/ N/A N/A / /.N/A ./A

TOTAL5

White e ax a . S ui- SxiaWxo s'i le' 54 600-226 (O7/9)

E-2

I
a """ to """*' G. ''- W.Ai-~d b, Shipp.,
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of of D191014268

00969
TRIU1UM WASTE FORM

SPUlD STE STORAGE/DISPOSAL RECORD page 1f 1-

a] Site ~wasteo Deignation [_- IRJ LLW DV C MW D C]casfe

1 ertiy ha aph oca Inspcino the Wste packages 10 thie ertent SW$DRNO. (Do ON WRIEIN IiW AC(O Lw s *

performedin accordance wtr mTOn-rvorTO-i00- >110 wasteGenerator LAWRENCE BERKELEY LABORATORY

Signature 
a tccepth wte ae Chige Code, 5paNo ,w f MPO No PO 46B8506

2 WRMl 9002

Area Facilty UrITT NameofContaci ( TyPeOfPFuntifyafy) R. G. Aune

V -Addess/PhOne I CyC-lotr-nn r Rd, Brkley, - A 947

W certify that: (1) No Cahtal property s c ded in this waste n s

Storage .ocalion (S01) documented by a Property Disposal Requst n d ceole beo (2 e T o n

Posi nthe best of my knowledge, the informatn e b C Es Pc and
M dule T acurate, an the waste p5Cka5- IS in Cdmpliancre with NlP e ig1atad

the~HE 0.21e/spsa Approva Recor *EiCt 23) Unes deintda

EiATakCACE 6/8/90 ACsW~G~ta 142.0 piaesae rfdea eglto

DisposalLocation(081) 9"e"'l Im m nagemnent (i Fous waste 4;r The Charge code is

Begining COa N /A sps NALB 0 6-9

o Sate CA NFOnter hi Physical esc1ipUionNofWas0teaedmCOM ents

C)N L 0 -9 P-'-'oFr G N/ Ta, -jatomite, Sflica Gel ,

'CONTAINERTYK 17H 55-gallon drum LWx4CHDX N/A -Steel, Plastic, Paper.ONTAINER JA -.i Ti AL W EIG T 2163
VOU" "_ 0.21 0" ON rA'NRk}-

S DATE 6kCIKAGM /8 9 GROi5 WEiGw gr 14 .

THNAAPWEk K-'1' MI QL %4 NA / LBL ID # 6-1-90
0.4 t1 CM NEUjTR0N (>20rm em NA

-Dose Rate (rnremilhr) ml.r N/ASINACN TO A~O UU E

ook'ORtF- oRENC 40 / (Do not in diude Uranium, Thorium, or TU eements)

Il"D L ZA-VUC-4 Rs N/ ADIONUCUioE C.. KD NCIE C

EO sS NO N/3H3F 946.02

- A1 ATGR WA TE CONTEINT S DESCRIPTION

(offcx cove) WASTE Dt CRIPTIONOC IE WIH h%

C] CETa 12.0 30.16

IC Ds Di atom! te22 1 o

l INC Silica Gel5,4 589

W MCOD Stel9.0 11-.90-

FW L-2 H M Plast-c 
.5

CL Pa0 -- .04
Dol SL C L
Fl CM TW -

SDM so

LMTTD 0 120.68TTL

TR I55LEISCURCEMA RAL(rr mT rmadR met) WGT)

N/AN/

Ga.-o se-d wby Shili-e . 4.002 6( 719

E-3
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ge 1 of 1 of D194018850

TRITIUM WASTE FORM

TSOLJPVU4StQRAGE/DSPOSAL RECORD toa2 00961

Storage/D(SP6tI Site Waste Designation E] TRU M LLW MW Q C+ f Classied
I certity5 hai a physical InspectiolJ:O A 1 asr ackages to the extent .n,,- No
poSiStie and ii crcss'feck dif thirecrplu'Wbe mentaton have been SXiSDR No. 9obo-rw7s il -
performed is accofdancewih TO. 100-050 or 7O 100.110 WasteGenerator LAWRENCE BERKELEY LABORATORY

Sgnature - Acceptance DtS~cjatwe Aceptnce ateCharge Code. SO No, or MPO No PO 4688506

q(9 WRMNo 002
Area FcltU iAre Fc UitName of Contact (rypo or PrnnGearty} R. G. Aune

t~O .J 2 t (1)AT-ddress/Phone 1 Cyclotron Rd., Berkeley, CA 94720
Storage Location (S01) i - ity t hat. (1) No capital property is included in this waste unless

docume-ted by a Property Disposal Request and described below (2) ToModule Tier Positon the best of in krowedge, the information entered below is complete andacc rate, and the waste package is in compliance with WH(74P-0063 anid
A)I ( the"'$turagelDesposal Approval Record (SDAR) (3) Uinless designated as-OVIA JIAMxed Waste (MW). this waste l not a dangerous waste as defined by- - nChlper 13-31)3 W or other applicable state or federal regulationDisposal Location (081) governing the g ent of hazardcus waste (4) The Charg :ode is

egmmning Coordinates N W 7' /.

Ending Coordinates N jL 2 -V .. &
WASTE PACKAGE INFORMATION P scat De rpt'on Waste and Comern ns

POINT2 OF4 nORIGIN XXX /A Tar, Di tomite, Silica Gel,
ONTAI PE 17H 55-galIon drum LiWaHORDxL N/A Steel , Plastic, Paper

ETARE WEIGiET 2
_OUME0.21 Ef TOTNA(q

S W T 3-17-i89 GUWAg 115; 4
HENALeo POE x '01wvil 0MA-Ttr^ N/A MAL Ils N/Ai Ih LL ID # C-4-89usefHatemrernhr) 0,03 at 1 cm NUTRN(o20mre-nmi N/A

REFERENCES FISSION/ACTIVATION RADIONUClDE$
00R 4.1N/ (Do nor Include tjranfum, Thorlhrn, or TRIJ elieents))1N .- VUC-4 aSRNO. N/A *" "'0"'" 4"omemns

iAD IO N Up L i E c i R A D IO hK jL l tRIIUErST N/A SOARNO. 23-1-3-2 )
*^sr LTEGOR WASTE CONTENTS Of SCRIP1101N

WASTE W DESCRIPO VOLUME WEICHT(kg)

C Tar 9 22.9 ' H 920.02E
DoS Diatomite 24J0 13.5

DNC Silica Gel 55,10 4Ln9
WASTECDOE Steel9n 1-

3WFC ONEM Plastic
Fj FW E) HM
ElCL n WD Paper 2
xS [_1 GL
O (M [ TW

[JOM D SO
[5 PH NC
L LM 

TOTALS J 
TOTAL

TfU eSSiLESOURE MATER*A I Vi
L ranur, Thorium, and lfl eements)

I Vili C.)1
-- - *1

N/A

TUWASh L-

.+ .. . - 4

E-4

ELMENitop Ii5TREul IOaNiwgni a)

N/A N/A

Wh Le Sni, WanE~ -LnanP Solid W-a~i sllitdlnt r I 1 Goln R~~q~ li 54 60002 26

00961
,a e
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. 1 of 1 of 019418851

TRITIUM WASTE FORM 00962
SOLID WASTE STORAGE/DISPOSAL RECORD ,age I of

SteragerDispoaI Sitet, Waste Designation F TRU W LLW [ MW [ C + [ Classified
I certry-shai a physica inspection of the wast packages to Tie extent SWSDR No, 100 NOT WRITE iN THIS 86A9SI
p4ssible-and a cross ctheck of the applicable dotumentation have been
parformred in accordance witri TO-1 00-050 or To-Ot -10pors)m~a i acoranc wth O-100OS orTO- 0.110Waste Generator LAWRENCE BERKELEY LABORATORY

Signature - Acceptance Date Char 9 e Code,SO No.or MPO No PO 4688506

I ___________WRMNo 9002
Area Faciity Unit NarneofContact (TypeorPrint Clealy) R. G, Aune

&~\% (J2 Addiess/Phone 1 Cyclotron Rd., Berkeley, CA 94720
Storage Location (501) I Certity that. (1) No capital oroperty .s mluded in this waste uniess

documented by a Property Disposal Request and descrohed below (2) To
Module lier Positorn the best of my knowledge, the information entered below is complete and

aaurate. and the waste package -s ri compliance with WHC-EP 0063 and
lth StorageDisposa Appioval Record (SOAR) (31 Unless designated as
Mixed Waste {MW). this waste is not a dangerous waste as defined by
Chape 173-303 or othier applicable state or federal regufation

Disposal Location (D81) g ,vermit te nag ent of h u waste (4) The charge code s

Reginning Coordinates N 4 q4{ - w 3
E ony Coordinates N ;44 P w 1 ) 90L2Q

WASTE PACKAGE INFORMATION ysrcalDe ptonotWasteandComm nts

PIN 9 - -0Q2 - 004J --tNaRGN N/A Tar, [ei tomite, Silica Gel,
CONTAINERTYfi 17H 55--gallon drm LXWX1OR0,L N/Aa

t5Ntii~tdrum Lri~niS~ufl N/ASteel ;,Plastic, Paper
NM' TA WE'HtiE0. 21 0 NrA"4 k91 2.

Cl OATE PACICAGED 3-1 7-89 GRO5SWEIGHT [k9J 133.4
,'THERMALPOWER < 01W MATLvOL N/A hgt N/A

-- RtmehLBL ID #-
1=1 R 11 (mrmfh r) 0,.0 3 1t cm NE UT RON (> 20mnreml/hr) N/A

ONo' LZA-VUC-4
"'PPR DISPOSAL N/ARt OJESY NO. WStCTGR

*Asn1 CATEGORY
tflIFCK ONE)
F]om 3

L] CE
5 DD

C

j oct
o NC

WASTE CMD
(""IC ONO

L]FW [HM
L5CL 5WD
XHSL G01
5]CM [31W
5D M 5]50
C-] PH Nc
E5 LN

REFERENCES

s, NO. N/A

SOARNO 23-IA-3J-2
WASTE CONTENTS DESCRIPTION

WASTE DESCRIPTION VOLUME % WEIGHI tHst

FISSION/ACTIVATION RAOIONUCLIDES
(Do not include Uranium, rhorium, or TRU elements)

RADOONUCLIDT G RArOAUitrDE c

3H 
_2.2

Tar 9,9 24,8
Diatomi te gj 22.4

Silica Gel 56,0 52.45

Steel 9,0 )1,4

Plastic 1 .8
Paper / .15

TOTALS i0 n '1 19
tX~NX XN\NXX\X\i ---- Li AL Ir~- JCU.UcC

TRUJFISSILESOURCE MATRIAL (Uranoium, thorum, and TRu eemernts) TWA,5EnO1Y
ELSMENS iSOtOPic OiSTRituritN (WIigh ) WEiGHT ) - *U F$A-t

N/A N/A N/A N/A N/A

yeinw. stie WE,. sr.its Gaideaod Rwained by shipse. S4 000226 (071g)_

E-5

----

: TOT

wk." s.Id W.".Egmeng
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-I cC DLilt 145tC .

TRITIUM WAS2E FORM

$OLIaWAST ETTRAGE/DISPOSAL RECORD
ig --

Page 1 of_ ._L ..

- Storage/Dsyosal Site Waste D~essgnation G URLLW D MW L C 1 0 Cas
ceitf that 7iy5t mspetot ott sad aAtekagS e e'nt SWS9c- N7OE IN TH15 ,ACF

possrple and a cross check of the applicable documentation have Ueen L&;) a - - 90 -8
perfnrmedinaccordance with TO-100-PSDor TO IOU110 wasteGenerator LAWRENCE BERKELEY LABORATORY

Siqnatur - AcceptanwD. Charge Code SO No or MPO NC PO 4688506
WRMNo 9002

A re6 Faity / UnO Nam eofCritact (rypeor PrinrtrearIy) R. G. Aune

6: JA - I W - A "ne 1 Cyclotron Rd., Berkeley, CA 94720
(S00 certify that. (1) No capital property is included i tis waste unless

Storage Location (_dcumented by a Property Disposal Request and described below (2) To
po,: t best of m k nowledge, the information erntered below is complete ard

accur16e, andthe waste package is in cornpliame with WHC-EP-0063 ard
/tue Stora4eaiisposal ApprovaI Record (SDAR) ) unless desynated as
tAtMid Waste (M his waste s not a dangc-rous waste as defined by

(nptr1-3-3' WA"c o lher applicable state or fedeiral regulat xn

Disposal Location (181) m nment of hazardous waste (4) The 0hifje wide is

E og Coordinates N Wqgcq ' V u q
WASTE PACKAGE 11NFORMAIFION --- Physicl Descripion of wasite and Corrmmni,

9 g g ,- o 1 PooAo N/A __ Ta, Diatomi te, Silica Gel,

LONTAIN-VYP 17H 55-qall on drum L. WHoR0.cL N/A Steel, Plastic, Paper
ONIAMNE E MP r TAPE WiH

OuMk rii3 0 ,21 01 ON 'ItR1"T 2

IAE AUE 3-17-89 ao-.1 - 4 9 124,7
4RAEi N/A OA.. N/A

A "" M' W' MAFL VUL MATE. 9 LBL ID # C-5-89
ose Rae (mremlhr) 0.03 a 1 cm NEUTRON (>20 mremr.') N/A

REF ERENCES FISSION/ACTIVATION RADIONUCLIDES
-c(Do not include Uranium, Thorium, or 7RU erements)

r4r Hr LZA-VUC-4 RseIrD N/A C RADIONUCLIDE C

1' [)P _________ N/A scAR No 23-IA-3J-2 3
WhslELAIEGORV WASTE CONTENTS DESCRIPTION H 920.02

wstorscrriJOh vocrMi , W51G85 Igi ________ _____

r_ _ _ _ __Tar 9X 23.0

1ADS Diatomite 24.0 17:0

ENC Silica Gel 554 5085

Steel 9.0 11.6

(CrcON) Pl as ti c .8 L. 4
flC- w Pper /L .15 ___ __ _______

XSL D GL
E CM C TW
E [AM -SO-

[ pi; ci NC

TOTALS 100 103,4 TOTAL 20028
RU/FiSSILEiSOuRCE MATERIAL (Uranim, Thonum, and rRigelenments) TRUWATEQNLy

EMN _ _OTOPiC__ _ STIU__ _ _ _ _e__h __%) WEI_ _)____ N/ N A Pit a/

/AN/A N/A N/A N/A. N/A

\<> \' u W\x>\x \>fl

A-t. 5:i.da Wi.tineim iiyrhi. S id ren:

TOTALS

a em., ispipEiQ
A-.-.~--------.'-.---- I

(Osdnrod -Hr..'dbyShippin 54-&OOO-226 07rpm)

E-6
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I of 1 of D19 014269

00968
TRI7UM WASTE FORM

tT RAED OAL RECORD Page I of

5ol~gel~s' l Si Wasite Designation TRU LLW L)M Ost 12 Cl ssified

t Crtfytht pysialinp ~tonolthe wste packages tc; the eriet SW5DR No. (1)0 NOT WW'I'aTE' IT% SPCI B 48 -S
pefome orcodneth TO 10 5 o en on00- ee0 waste Generator LAWRENCE BERKELEY L ABORATORY

Signtur -AceptnceDate ( harge Code. SO No., or MPCO No PC 4688506

);fo WRM No 90

Area Facility Unit rne of Contact (Type or Print Clearly) R. G. Aune

;/; AddiesPhone I Cyclotron Rd., Berkele CA 94720

ertify that. 11)1No capital property is ncluded i this waste uless
StoragetLocatico (S1)d-cumnentedl by a Proerify Disposal Request arid described below (2) To

Module Lscao tn .501) d m d b{ dPr the nsormation entered below is complete and
accuate an thi-i aite package is m ccmphance with WHC-EP-0063 and

Mtde Stoe acrae/Dsoa Apprval Record (51 AR} (3) unless designated as
N')he' i w asrte/ isos notr a d n e o s s e as del nnd by
Mi:xe"'d,~1e'A A Wf uher appliable state or iederal regulation

Disposa Locaton J08) 9c ' nin th agemnent of b ~d o-s waste (4 The (o g oei

Begnning Coofdii m N S inxure

E ndog ICOOrdinate N q -5 qhuc DeP wpino at rdCm n

WA STE PACKAGE INFORMATION PhysicalDe opti.n0 Wasteand Cor ents

PIN D -0 02--004S CoIrO, ' 1h N /A Tar D atomite, Silica Gel,

CONTAsNER TY PL 12b 55 C llr druim L KW H 04X' N/A --- Steel, Plastic, Paper

D DAfT PACKAGED 6 12 9L,9 2

N/ALBL # 6-2-90

I~seRae fie~hr)0 03 at I cm NLUTRON (>20 mrernof N/
- .Ooe REFERENCESr) FISSIONJACTIVATION RADIONLICIDIES

o NB E ERE N O N/-- (Do not rmclude Uranium, Thorium, or TRU elements)

"ENO LZA-VUC-4 s /ARADLNUCILIDE C; RDIONUCLIDE L,

PRUPERTV OISPOsAL 5AN. 23-1A- 3J- 2H92 .

REAU51 ED W-~OUYASTE CONTENT1S DESCRIPTION

'CHECK ONE) WASTE 1)H6CRIPION OO % oiI14 kg

C fO LRpf

C CE Tar 14.0 38.2

TOASQ 
TOALE2~

ii usuDiatomite 13 Ji' 21.7

C] NLSilica Gel 61f 4R.21

N/A 
COO Steel 10/0-

W [r H PI as ti c o 68

SL r,1 Paper 
0. -

SCM TW
SDM 50 -

Q LM TOTALS 10.

TRU/FISS LE/50URCE MATERIAL (Urarum Thontm n ~eert)VIW fOL

N/A N/A 
-A/ /

TOTALS u

E-7
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S00972

- SOLMD WASI$SIRAGE/DISPOSAL RECORD page Iof-_-

torage~~ispost Designatiorn n T RUW LLW 0 MW 13 C +QCasfe

t certify That a physical mnspecTiOn of the waste paickages to the extent SWSDR No. IDO NOT WR17E IN THIS 51PALEL 8 Q E - 96
possible and a Cluss check of the applicable documentatuon have beer)

pefomedmInaaordancewitiTO 10-050or 100-110 WasteGenerator LAWRENCE BERKELEY L ABORATORY

Signra ,re - A(Ceptance Date Lharge Code, SO No , or MPO No PO 46B8506_

WRM No 9D02

AreaFaciliy UnName of ContaCt (rype 01 Print Cie"'ly) R., G. Aunle

P j !- W - AddessJPhooe I Cyclotron Rd., Berkeley, CA 941720

5torge Lcatin (511 1certify Thlat: (1) No capital property is included im this waste unless
Stoag Lcaton(51)documentold by a Property Disposal Requjest anOd descibed below (2) To

Modue Tir Poatontie best of m kowledge, the infor matiori Pntered below IS Lrnmplete and
Mode l ccurale, anithe waste package, Is in compliance with WHC EP-0063 and

the Storagei Lhposal Approval Record (SOAR) (3) Unless dles'9n,3ted 4s

SMixed Waste (M0W) this waste is not a dangervui waste as defned by

Cap"er "7I3 C or Other applicable slate or fiederal regulamin

-ipslLc to D1 govermng9 11 an ement of bar us wasTe (4) Th~e charge ode is
Dispsal O~a ion D~ilcoir e ct

asegmmng Coordin.,tes N W<, 45- Da

Eneog Coordinates N 4 .5q- W
WASTE PACKAGE INFORMATION P scAl Des ription Of Waste and Corno + ts

PI 20 1'--Ot-O0 4 POINT(0; OIGIN N/A Tar, Dia omnite , Sili ca Gel ,

CONTAIN E ATMl 17H 55-gallon drum LW H DR DxL N/A Steel, ?I stic, Paper

VDOM 4 0.21 "r Q^2 C" k. Z1.3.

0 A7EPCX ot 9--12-89 GROSS Wr'GHT 119) 13
1kRPAAL PCW* R OW'WAT' VoL , N NI~LWl(q / LBL ID # 9-6-89

DoseRate(rrrrrfh) 0 4 411 cm NEUTRON (>20 m em/M' N/A
Doseate~rEFErREN I CE FISSIONiACIIVATION RADJOKILC"DfS

.Qt-REERENC N/ (o not iclude Uranium. Thouum, or TRU elements)

*" N LZA.-VUC-4 AP N /A RIADIO-NUCLIDE ci .. IMULD

PROVEST NO NIAu sDA Rn 23I-3- H 04
WASE CTEGRYWASTE CONTENTS DE SCA[PTION-

Aft NF GR WAsTt DESCRIPTIO VOUM WET~GTj

0 CE - a 8 21.B

Das Diatomite 7 2,

o cSilica Gel -J- 3-

IC"ICI 11.6

[I r ~] 0 M -- _

S. 0 L aer 
.0

EQ CV M 3 TW-
O DM so --

S Po NC__ _ __. _ .

L] LM TTL

IRU/El$SILE/50LIRCE MA TERIA L (Uran,,m Thoourn. and TRU eiements)-

EItEiNT I0OI IRBU - -W-o -EG 9 u"0 K 1l&P ~

N/A N/A 
/N/NANA

E-8
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-H 1
LID WASTb ORAGE/DISPOSAL RECORD Page I of

aragesistkalSi Waste Designation D TRU C@ LLW [I MW D C + Ciassifed

I certify that a physical inspertion of the waste packages to the extent SWSDR ND. (DO N01oWQt N THis SPAC ,I - 2.
possible and a muQss check of the applicable documentation have been
performed in accordance with TO- 100-050 or TO 100-110 wasteGenerajor LAWRENCE BERKELEY LABORATORY

5,gnature-Acceptance Date ChargeCode,$ONo.orMPGNo PO 4688506

D WRIVNo 90
Area facil ity Nameo Contact (Type or Print Clearly) R. G. Aune

3 'a. 3 ? (.) -- 9.23 Address/Phone 1 Cyclotron Rd., Berkeley, CA 94720
Storage Location (501) I cesify that (1) No captal property is nclsded in tis waste unless

docmented by a Property Dsposal Request and described befow (21 To
Module Tier Position the best of my nowledge, the information entered below s complete and

accurate, and the waste package is in compliance wrth WHC-EP-0063 and
thi StorageDisposa Approval Record (SOAR) 3) hnless designated a;
MA/xxe'd WaseM his waste is not a dangerous waste as defired y

Chaper 13- W or ther apcle state or fiedera regidation
Disposal Location (DOI) governng e rana ment of Ous waste (4) The char e code is

ourect

Beginning Coordinates " 49'5 w ) 71"
SignaturX

Ending Coordinates N ,i6 4/4( w

WASTE PACKAGE INFORMATION ysical0 scipt o Waste and Corn erts

P 00-2--02 -004 ,woiuomu. N/A Tar, D-atomite, Silica Gel,
Cumrm 17H 55-gallon drum L xW.IMOR Dt N/A Steel , lastic, Paper
CONTANERMPY ARE
VOLUME (in) 0. 2I 01 COTiETRIE 5Is,

UATE AcKACLO 9-14-89 Goss wEIT isal 147.9

THERMAE PoWE a P i - " r o Ns /A wa ic wt rL5) N/A
MA N.W (ky N/ALBL ID # 9-8-89

Hose ae(mrem/hE) 0.04 at 1 cm NEUTRON(>20mremMrl N/A
REFERENCES FISSION;ACTIVATION RADIONUCLIDES

(Do not incude Uranium, Thorium, or Tu elients)
OSNRC tEgiiii_4 515 N/A

- AADiONUCLIDE G RADiOPSUCUDE C.' N/A s23-IA-3 d- 2 3
_RUEST NO20.024

WASTE CATIGOAV WASTE CONTENTS DESCRRPTION
(roicK Owl) w tEscTiiPTION VDLU'. WlGMnT _,k

OCE Tar .3le 25.4
El CDD_____________ ___

DS Di atomite 26X 23.6

ENC Silica Gel 59,l 65.1

WASTE Steel 3 e 116
#CEKOO Plast c ie7 ?.8DFW LHM

[1 CL [- WD Paper
R SL [IJGL.0
[ CM 3 TW
EDM D so
L1PB flNC

M LM TOTALs 100 126.6 TOTAL 92002
TRU/FISSILErSOURCE MATERIAL (Uranrium, Thorium, and TRU elemernts) 704 WASTE ONLY

ELLMfNI ISOTOPic DiSTRIBUTON (wegra % WtGHTg) - i sm

N/A N/A N/A N/A A N/A

6M - \\ . TOTALS

Whie Solid aWa Engin-niiQ YSmiuw Soli Wysi. 5-ealwr Pink eturn ik shipper Ga.idnied .Rausda iy Shipp., 54-6000-226 (Or)

E-9
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00970

9 $ SD&WA7ETORAGE/DISPOSAL RECORD Page I of

Storag/Dispoa liteWaste Designatlion Q TRU 0l L N W C L G l d

pefre naccordnce lh TO 100 050oTO-0-1 Wat0l LWEC EKLYLBRTR

Signature - ACeptanCe Dae Charge Code.S No, or MPO No PO 4688506

WRMVNO 9nn

rea Facilty Name of Contacd (Type or Print C(eary) R. . Aune
-diO2. Oe&on4 1 Cyclotron Rd., Berkeley, CA 94720

Storge L~tio (S0) I.erlfy that, 0) No caoitai properl is included 4 this Waste unless
Strae octin 50)doC.Memed b a Property Disposal Request an)d descvibed below (2) To

psthe best of m CnOAIledge' the1 5orm aton entered below is complete and
Mode ern ccurait anjthe waste package i r) compliance wvdh WHIC-'P-0063 and

StorageDiSposal Appro Record (5lA) (3) nles designated as

v, eed esme03h ste is no, a dangerous waste as deLned by
CVlapetW'er 3 n 1 3 C or wther applicable stake or ledletal regulation

Disposal Location (D1% governmng e m nagement of zardous waste (4) The charge code I&

Beginning Coordinates N t S-WDa

E ndi nqCoordm nat es N 4 W

WATEPAKAEINOMATION Physical escopton of waste and Comm ril

iNCC PON W . -0 eNORIGIN N/A Tar , I atomite, Silica Gel ,

V OAINEAYI 17H 55-qallon drum _.WH"O.L N/A Steel, Plastic, Paper

VOUM Irr, w 2 21.3

EC12" U ,2 Pa erNMN~kl

DAoPm AED 9-1 4-B9 ] GcssWEIGHT l1374

THRA PQWS Ar NA D ,- TL "",aNIC /

'JDrise Rate mremlhr) 0.03 at I CM NEUTRON (> 20 mremth N/A 978

REFERENCES F15SIOWACTIVATIONRPADIONUCLUDES
(Do not Include U a nrum, T horium, or T RO ere me nil

*41 40 L ZA-UC- 4 "N"/' -ou RAINCLD RADICNUCL!Di

REQESN0,N /A SCARNO. '23- 1A- 3J- 2 .- ... 920.02 __
w.5f IA"EGoo Y WASTE CONTENT$ DESCRIPTION

fcH~cr oMO WASTE DE$cLeRIPON VOLUME ~ ~ M k

0 rE Tar8 22.7

UM[]TW

51D Di atomi te 26f 20.9

D NC Sil ica Gel 6.

AST T L 1SteelO 11 6

SFW tj Hm - S
i CL -WD

2& SL L) GLI Pae
[] CM v TW
L]DM M SO
C] PH E2 NC

TOsAL 20.024

TRU/ R IFL U E RIAL (urau thonum, andTrU iemPenit) t. WATEONLy

N/A N/ANA

Y.11-~~ ~ ~ ~ .1A -So.. ..-~ Shp" -- ---- -2-G

E-10
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TRITIUM WASTE FORM 00959

SOLID AS STORAGE]DISPOSAL RECORDPage

REmERENCES

14, o LZA-VUC-4 /A

PRPRYDPOS. N/A so.... 23-1A-3J-

WAQ AE y1 WA S-E CONTENTS DESCRIPTION
JC4FCX ONE) WAST( O citTI VLM NIH

9CE Tar 7/ 24.5

0s" Di dtomi te 29/ 24,83

IC Silica Gel 57 58 5

A i Coot Steel

Plastic. .7
-FW PHM

oC. WD Paer .06
SL I G I

JCM ] TW
5DM 5SO

IPB INC

I M T'TAI inn 120 19

TRIJ W LILW MW n [ Clas5-fied

N THIS SPACEI L - - -

RENCE BERKELEY LABORATORY

MPO NO PO 4688506

or Print cleary) R, G. Aune

yclotron Rd. Berkeley, CA 94720
capitl propery is inclded in th s waste unles

perty Disposal Request and described below (2) To
dge, the nformation entered below is complete and
ste Pack age 1s in comphlance with WHC-EP-0063 and
Appcrflval Record (SDAR) (3) unless designated as
his waste is nut a dangerous waste as dehred by

ro s okher applicable state or federal regulation
gement o! ha rd -s w a ste (4 ) T he hrge cde i

stdij/Dm s ase Dwgation ii

I certiy that a physical ispect on of the waste packages to the extent SWSDR NO, IDO NOT WRint

possible and B cross Check cf line appicable dlocomentation have been

portrmed n accordance-wtO 100-050or TO -00 -10 Waste Generator LAW

Signature - Acc anr Date Charge Code. SO No, or

/-0/ WRMNo 9002

ray ni Name of contact (Type

e C'i ;AddressPhone 1 C
eLocation (S01) i crtify t')at (1) No

Storage L_____i____ lr doumented by a Pro
the beStof my nowle

Mr accurate, and the was
the StorageiDsposal71 '~J)~'M red Watte 4 ,
Cr-aptIer 173- 3 W,

Disposal Location (DI)R governing t ma g

Eteginning Coordinates ?
Enrdrg-oordmte N 4w 7

WASTE PACKAGE IMFORMATION

i q t 0 -2- 0 2- 4o oRrN N/A
oNTAIlitMTYPE 17H 55-gallon drum Lorifi N/A

- CONTAINER EMP rY TAR! *tIGHT
Vo"umE In" 0.21 OF CONTAIN F(hg) 21 3

DATEPACCAGED 9-7-90 GoRoswolGHr11, 141.5

TALw N/ATR N/A

Dose Raterremlhr) 0.03 at 1 Cm NCUTRON(>20mrem/flr) X N/A FISOICIAIO AINEIE
IFI$5IION ACTIVATION RADIONUCLIDES

(Do not include Uranium, Thoritmn, or CrU elements)

RADIONUC[SMi C, RAIONU(LLIDE Cr

- 2002

TOTAL. 020 02

TRUIFIS SILE/SOURCE MAT ER IA L (Ura-nm, Thcorum, and TRU e me nts) 14WAllTEoki.

rEMiENT 5oropi osTRiBUTION Iw*,9hI %)WEIa) 4 I A CI

N/A N/A N/A N/A
N/A M/A

Yen.. \- R-\-2'.' TOTALS . bY SNIPM' 54 6000 226 (07)89

E-l 1

PhySical D cripii n of waste and Ccm nts

Tar, jiatomite, Silica Gel,

Steel, Plastic, Paper

LBL ID # 9-3-)% '1
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-- e t cT 1 .t Dl19it142l5

SQUINA E STORAGE/DISPOSAL RECORD Page I of 1
-y - to theeatl Waste Oesrgnation QJTRU LLW Q MW [ C + [Classiied

AcertfDy Fthat a physical inspecaon of th e -sate packages to the eent SWSDR No. l0O NOT WRITE IN TNIAsSPOCtl QL 98 - R -90 -possie and a (oss check of "h Pppoable documentaton have been
pe rf omed3nCcordancew0TO-100 050 ro00_10 _WasteGenerator LAWRENCE BERKELEY LABORATORY

\ ra tjre - eptance Date Charge Code. SO No , or MPO No PO 4688506

WRMNO 9002
Area Facility Uut NameofContact (TypeorPr1n;Ce;y) R. G. Aune

_00 Aa 1A Addressihoie I Cyclotron Rd., Berkeley, CA 94720
Storage Localion {SO1) i certify that: (1) No capital property is included im this waste uniless

documented by a Property Disposal Request and described below (M To
Mdlethe best of m knowledge, the inormation entered below s complete daccurate. andthe waste package is in complian~e with WHC-EP Of,63 ddModuleT~tr Ve 5torage(Disposal Approval Record (SOAR) (3) unless de5,gnated .3

toxe iatM)ti waste is rnot a dangerous waste as defined by

ChIA'1er 733OUher applicable stdte OF federal reguilion
Disposal Location (181) g Fvernng Ih manage ent of haja aste (4) The charge code is

flegnong Coiad nates N q q,5, t g /(t
igture DAC

Endng Coordinats N "54 4J w 9 7.20
WASTE PACKAGE INFORMATION P srcal Desc tion Waste and Comm its

qCD 2, C- oo0491 POIO~ioIN N/A Tar, Diat ite, Silica Gel,
CjNTANrRTYP( 17H 55-gallon drum . LMWiHOR Dx.L N/A Steel, Pla tic, RXNXKX
coNtArER EMPrY IAtEW iit
vo l ,. M j 21 OF C3NTINER (kg}

0aT1 PACKAGeO 9--8 GRoss WELGM 160.5 LBL ID # 9-5-89
TERMAt POWER I 1 Wia A o N " "ANTR N/A

Dose Rate rmtremihr) 0.04 rt I cm NEUTRON(>2mrrem/rir N/A
REFERENCES FI SSlOrN/ACTIVATION RADLONUCLIDES

(Donor nclude Uranirur, Thorrumr, or TJRU elements)
y~" LZA-VUC-4 I s~o N/A-,4,No LZA-V C- 4N/ARADIONUCLIDE c' RADIONUIIDIE CA

rsP P N/A An 23-IA- 3J-2 3- H 902
WASt ctATEGORY WASTE CONTENTS Et SCRIPTION

K ONIo) WASTE oEsceiPrroii VOIUME \ 7 -llIgi
[]BW

C Tar 52Pe 87.7
In Diatomite j2ia' 25,4

El SS ___

E NC Silica Gel 30.2 16.3

wAsIS COn( Steel 3.0 9J1
KEK ONE)

[w DHM Pkastic , zZ .8
fCL IWO
bcSl F] OL _ __

D CM sO W
] P8 DNC

r LM
TOTALS 100 139.3 TOTAL 902

TRULFISSILEiSOURCE MATERIAL (Uranim, Thoirurnr arid TkUeenents) TtUWASThQNLY
ELEMENT iSOlPr. iTRRlTIO l

t
YiVi %j WEIGH (g} N -P 4 pf-c A"5I Ci

N/A N/A N/A N/A N/7 N/A

TOTALS

Wh,,. Sorla WaivengErsin ' 'ieiou.- soliaWjit~rrd,* i Req~r I.Shapmr Goidnrad - IrinadbiShipp.r 54-6000-2Z6 (0l89

E-12
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(ctfs.5

L5AS A RAGE/DISPOSAL RECORD-&- jOtt4%.Wfl) Page I1o

- ~.. 1gc.pis i Sif 5Waste Designation O TRU LLW 0 MW [ C + [ Classifed

I certify that a physical nspection of the waste packages to the extent SWSDRNO.O N0T*Hittiif ivissP J -(DO - 9o -
possble and a crosi check of the applicable documentation have been _'

performed in accordancewithTO 100 050orTO t00-110 WasteGenerator LAWRENCE BERKELEY LABORATORY

Signature - Acceptance Date Charge Code SO No, or MPO No PO 4688506

92I 9"V/v WiMNo 9002
Area Facility Unit NameofConract (Type orPrit Clearly) R, G. Aune

'A"- l ;/r, Address'Phone 1 Cyclotron Rd. , Berkeley, CA 94720

Storage Location (soiy P certity that: (1) No capital property is included in this waste unless
L)doumented by a Property Disposal Request and described below (2) To

Module Tier Position the best of my k nowedge, the information enterei below is complete and
accurate, and the waste package is in compliance with WHC EP 0063 ann
tire Storage/Disposa' Approval Record (SOAR) (3) Jness designated as
Mixed Waste MW waste is not a dangerous waste as defined by
C0apit0 173 3 OTAC p therappcable state or federal regulation

Disposal Location di governng e l of hazardous waste (4) The Orai c ode is
corre rf i

Deginning Coordinates ,454Wn
E ng Coordinates N w 7 -;

WASTEPFACIIAGE INFORMATION Physical srptiol fWaste and Com ents

PI O(D0 -2. - 0 -2- -00111 POINT arol, - N/A Tar, -iatomite, Silica Gel,

CONTAWNER TNPZ I17H 55-gallon drum L "W HOR i N/A Steel, Plastic
aCONTAlINER EMPr TARE: WEIGHT
vo 1 0.21 onTAINE 21. 3

TEaACKAGED 9-t-90 OSW ig 166.9

HERMAL POWER w A % N/A Z44% k N/A

Docse Rate (mrernihr 0.03 at 1 cm NEUTRON (> 20 rnremhr) N/A [L ID # 9-4-) 1
REFERENCES FISSION/ACTIVATION RADIONUCUDES

S - N(Do not include Uranium. Thorium, or TRU elements)

N/A RADIONUCLIDE Ci RAraOiLI11OF Ci

LOULsST NO N/A SOAR NO. 23- 1A-3J-2 3H 913
WASTE CA TE rOi WASTE CONTENTS DESCRIPTION

CHECONIT WAS DE5CRIP1IoN VOtMS % WEIGHT (Ig)

C] CE Tar ,ARif8.
0 DD
X Ds Diatomi te 32 27.2
0 SS

_ _ C Silica 172' 222_7

WasT coosE Steel 2.0 8___1
iOEtailS)

O FW H Plastic "eg9
D[1. WDeL
qSL CL

[ CM G TW
E DM [1 SO-
[1CR [1NC

TOTALS 100 145.6 TOTAL 913
ITU/FISSILE/SOURCE MATERIAL (Uranium. Thorrwm. and TRU elyrments) TMJWATE NLY

tMni OTOPic DisTRimunON twaighr *) Wf.cHrll f N0 Q

N/A N/A N/A N/A N/A N/A

'EM TOTALS

Wvit. Sld Wail. trnvnL.n.. rqiio. sheam,.'. rur i~ EmSk lixiurn i, 5hppir riaddovd a irtran by tlipnHr 54 6000-2 6 (07e

E-13
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z oh I or [L' 4so J.

TRITIUM WASTE FORM &YvD>009 6 0
SOLID WAS E T RAGE/DSPOSAL RECORD Page 1 1
Saoraga/flsposaSite 'Waste Designation E] TRU X LLW j MW D C f] Classilied

rI tfhy asr a p scarltmpe flf 01the Wasfijckages to the extent P
powsble and a cross check of the applrcable documentation have been 9 . No. NOTWiI E i Tis R-

perlirmed mr ac cordance aTh TO-tB0-Q5 ji TO -tO0-11O
_ fnrediWasteGenerator LAWRENCE BERKELEY LABORATORY

Slgsac..re - AcceiptanCe Date ChaigeCode, SO No or MP No PO 4688506
6__ _ WRMNu 9002

Area Fac Unit Name of Contact (rype or Print Clearly) R. G. Aune
LiQ / --- os ddrs'P"r 1 Cyclotron Rd. , Berkeley, CA 94720

StorageLocation (501) 1 riti y hat (1) No capital property is iicluded in this waste LmILss
-docrnented by a Property Disposal Request and detribed below (2) To

Modfe Tin [positron che best of my -nowledge. the .nformation entered below is complete and
arcurate, and the waste peckge 15 in comperice with W-C El' 0063 and
ttmo Storage.Diposai Approval Record (SDAR) 0) Uiress designated asS ced Waste (M , , waste is not a dangerous waste as defined byCha 'o'er '73 3K WAC ar otner applicable state or lfcdelal rIuaIIn

Disposal Location (D1) gqoveti th manag- nent of I a s waste (t The charge code is

Begens'ng Coordrisuses N 4 !!wr44

Sindmig Coordmales N wq W

WASTE PACKAGE INFORMATION hysica D criptionof Waste and Cor ants
90t'2 of1 Wat an Co o eoo - N/N/A Tar, Diatomite, Silica Gel,

CoNdTAINErYPt 17H 55-gallon drum tW.H aO., N/A Stee Plastic, Paper
CONTAII- Ate ,MT Plastic Paper 1

^OL ."t J-31 0.21 OONTIE 2
DATE PACXAGED 9-7-90 16AOSS WEIGHT III 143.8

rhrauaowr riD Ias Ai 5 O N/A N/A
LBL ID # 9-2-89

Dose Rate (mrem'hfr) 0.03 at 1 C0 NEUTIRON(>22nmremhr) N/A
REFERENCES FISSION/ACTIVATION RADIONUCIDES

o" - 1 N/(o not include Uraniur, Thoritm, or THU elemens)
14 -4 Y L AN RADIONUCLICE Ci 4AaONUCLIDoE /CviROPRr DISPOSAL 11.'EtUtST NO N/A s-AiO 23-1A-3-2 3 H 92Li 5i

WASTECATGDA WASTE CONTENTS DESCRIPTION H 925,50

WATEFDESCRIFTiON v(VI E EGTk

U CE Tar 9/ 39.5
'-j DD

X) DS Dia omite 18 0 14.9
il Ss..

f NC Silica Gel 3 56.4

WAsTr CODE Steel 6 10.9
05Wd~ op4M Plastic .~~ 7 ____ __ _0 FW L7 HM-
[7 §Js*DO Paper 3 / 05

flCM ] [W
DM SO

CPo ENC
' LM

TOTALSI 100 122L45TTA 2e0 1022.45 TOTAL 925 504
TRU/Ft55 LE SOURCE MATERIAL (ranium, Thorium A Tand WAFTE NLY

ELMENT ISOTUPILsTRII N WO-yM %) WEIGHT Isd F ai-rPPP A41, C

N/A N/AN/A N/A N/A N/A

E-14

N. L\ TOTALS

w~G Sl w riurniene s a w i n- Goni., Rrainedbrhsep.i 54 6000226 (0
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Le i or i or D94IUtOL'ln

S01562
r ~SQU( TORAGE/DISPOSAL RECORD ,

Storage'DIsposa ie Waste Designation [] TRU a L1W Ei MW [ C + I Classifed

I certify st i a pksysrcalnspaco* the ste packages to the extent W . W Ts.ceiy hta hs~aqSE1Ut fteSWSDR No. IDO5NOTW1T WITMS lSSPACE L8 8 B R- Q-possible'rd-a Voss che Of -the Iic documentaton have been * s (-
performed in accordance with TO-100-050r ,TO-100 10 Waste Generator LAWRENCE BERKELEY LABORATORY

Signature - Acceptance Date Charge Code, SO No , or MPO No PO 4688506

WRMNo 9002
Area Facility Unit Name olCurntact (Type or Print Clearly) R. G- AUNF

& aAddiessiPhone -n- C-ycl ort RoM. Bpa r-y, CA Q179
Storage Location (501) ortfy that (5) No capital property is included in this waste unless

Storage Location (501) doicumented by a Property Disposal Request and described below (2) To

Module Tier Psi crn tie best of my knowledge, the Information entered below is complete and
a accurate, and the waste package is im compliance with WHC-EP 0063 and
the StorageOisposal Approval Recrd (SDAR) (3) Unless designated as
Mixed Waste MW), ths waste is not a dangerous waste as defined by

--- ChaPter I,-/ AC r o,,her applicable state or federal regulation
Disposa Lacastion (DR) governing C ma agement of h rdous waste (4) The ctiarge code is

Begiriviing Coordinates N _ ) q w!K S 7'S r

Ending Coordinates N H & '/ '/ w 7S7 L
WASTE PACKAGE INFORMATION Physical ciption of Waste and Comments

PPO I0NT - 5 I Tar, oDitomite, Silica Gel,
CONTIER YE 17H 55--al.dru N/A Steel, lastic, Paper

r CkrAiNE n5 EMvr it MWLicirI
cr iOurMEri 0.21 OFi (ONTONER sal) 21.3

KAr tO 5/22/90 T 1 41.1
7HERMM P5 $sP.1WE I i -a I N/A l N/

esaLBL I10 5-3-90
' DoseRate memfhr) 0.05 at I cm NEJTRON(>20mrenhr) N/A

REFERENCES FISSION/ACTIVATION RAD[ONUCLIDES
(Do not include Uranium, Thorium, or THlU elements)

Falio, LZA-VUC-4 ANO N/A RADIONPo CA RADIONIDE t
viiuSit!isOSAi N/A Sntq. 23-1A-35>2 3A *(-10 

-144AL0
*AtE .ATEGORn WASTE CONTENTS DESCRIPTION

4IcAIE) WAsni asciiPTioN VOLUME . WEIGHT(kc)

E) CE Tar 2.7

MDS Diatomite 24t(? 27.2
iSS

n NC Silica Gel 5, L5 76.2

wIII COD Steel . 5 13
(cnecvOEe) Plastic 

..- i / .6
[73w LJHM.
ECL [ WD Paper ..3r .05D SL GL - ----
[CM 5TW
[ DM 0So -

EQPB NC
[]LM

TOTALS 100 119.75 TOTAL 45.08
TRU/FISSiLE/SOURCEMATERIAL (Uranim. Thorium, and FRUeiLements) .T*JWA$TEONLY

tEMENr isoropic DIsriuRITioN tWrerii U Wi4HT i Nfl-.el

4W N/A - N/A N/A

U 235-81%, 238-19% Fissile Exempt of9' 14 N/A N/A N/A

TOTALS

WhiiAa. as ,.iir rea a. ai .iiw.. .'ih R inWmsh.pp"r Gvjdiirard .kaimi by Shipp. 54-6000-226 (07 )

E-15
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I or or tmIisu. i

01561

SOLIDWASTE' T RAGE/DISPOSAL RECORD page I of

s gi s it , waste Designation El rIRLJ LLw Q MW Q C+ 4 Classified

I certify that 0 physical inspeclior% of the Waste packages to Xnheetrent SWS DR No. (DONiOT WAITE IN THIS %PAUI& B-6 -9 -
possible and a UOSS Check of the applicable documneritat i nv been

performedminaccrdancewith TO-100-050ur TO TO-1 10 Waste Generato' LAWRFNCE 9FRKFIFEY LA ORATORY.

Sig nature -Acceptanf( Date Charge Code. SO No. or MPO No PO 468B506

F5WRM No 9002

Area Faciity -Unit Name of Contact (Type or Print clearty) R. G. AUNE

A)AdietPhOfe One Cyclotron Road, Berkele CA 94720

I rtify Iliat (1) No Capital property is included in this waste unless
Storage Location (SU documented by a Property Disposal Request and descibed below (2) To

WA Ethe best of my kowledge he i fo ni ation entered beow is complete and
Mot te (rate and the waste pe~kage is mn comphian<e with WVHC EP 000063 and

VW Slorage/Disposal A provai RvcoDd (SAR) (3) Un" designatd as

^A M ed Waste (MW). this waste is not a dangerous waste as defined by
C1ha1te"' 17 WAC or other applicable state or federal regulation

Disposal Loc aition (1381) goYelrnn e Mnagemet hazardous waste (4) The chdrge C.Ode IS

En ng Coordinates SignL -6Da

WASTE PACKAGE INFORMATlON Physical escfiptucn orwaste and Cammen

P, -L 'p. in,1-c 1 o N/A Ta r mte

hTMANEATYPE 17H 55-gallon drum L.woonoc N/A Silica Gel,

U2 Steel
s 0.21 -r A213Pl astic,

ATEPACKAGED 5/8/90 '""--ui ~e 140.2 Paper
QaGA~iCORGiANIC

TERMAL POWSR i 'ii ALVO.RMALOMR A fl~a oN/ALBL ID # 5-2-90

'Dose Rate (mrem.[hr) 0.04 at 1 C NEUTRON (>20 mrm/)h /
REFERNCE FISS1ON/ACTVA TION RAD40NUC LIDES

oREFRENC RL (Do not include Uranju, Thorium, or TRU efeent)

1 O LZA-VUC-4 "'io N/A __IOUCD -- a RAINoJLD

HL"OOLS '^N N /A soao 23- IA- 3J - 2 3H 38. 06
WAVE CATeCORY WASTE CONTENTS DESCRIPT]ION

JIECK oNF WASTE DWsCRIPT ON VOLUME WEIGHT 9q

l Cw Tar 5 8.6

SoD2 25.0
Cis Diatomite

Ns S!i ica Gel 61.0 72.8

Steel 81.

INE OF Plastic .6
E] F vv HIM
[7 Ct - WD Paper .
L( SL [. GL
CJ M w
EJ CM n so
E)PR GNC

roUmTUA-s 100 118.8 O 38 6

TRUif1S5L'ESOURCE MA TERIAL Urarpvrm. Thuorn and TRU emrents)-

ELEMENT IsT~ ir10INrAQ )W IH~)-( -

/AN/A N/A N/A- A

TALS 9

E-16
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i 1 I or LtIrhW)14 2 '

(c1 1bbz-
SOLI WA '.T7  ORAGE/DISPOSAL RECORD Page I of-
-tora q/Dsal Waste Designation C TRU [ LLW [I MW LJ C + Q Class? ad

certify ths aphVpr a npectsno packages to the extent SWSDR il. ioo W WRITE ON THIS SPACE) -
possible and a cross check of the applicable documentation have been WL^LR - - JL' 77
performed in accordance with TO-00-050 or TO-i00-110 waste Generator LAWRENCE BERKELEY LABORATORY

Signature - Acceptarue Date Charge Code, SO No, or MPO No PO 4688506

" 0 WMNo 9002
A rea Facility Unit Name of Contact (Type or Print Clearl R. G. AUN E

D tGO W I a I? - ) AddresUPhone One Cyclotron Road, Berkeley, CA 9472C
Storage Location {501) 1 <ertify that (1) No capita property is included in this waste unless

tcricumented by a Property Disposal Request and described below (2) To
Module Position tile best of my knowledge, the information entered below is complete and

accurate, and the waste package Is n ompiarCe with WHC-I P 0063 and
the StorageiDisposal Approal Record (SOAR) (3) Unless designated as
Mied Watt ). this waste is not a dangerous waste as defined by
Oiapter 3- 3 AC or other applicable state of federal regulation

DisposalLocation (081) 9overnrng t e nagement of h rdos waste (4) The charge code is

Beginning Coordinates N Vw v 7nr
-no.ng Coordtinates N W5 q !5 w

WASTE PACiCAGE INFORMATION Physical L cApsion of Waste and Cam [s

D 1 - o -L -- L ' /Tar, 0 tomite, Silica Gel,
£1 . )S5 POINT OF ORION N/A Steel, lastic, Paper

CONTAiNERTYPE 17H 55-qallon drum LSW L A ORD. NZA

LONTAii 0.21 Epry lARE WOG4T 21.3

DTE PceAGtD 5/22/90 G HO 0,EiG q 1kg 14.6
IRMALoo ' I oi N/A i N/A .LBL ID 5-4-90

Dose Rate(mrem/hr) 0.05 T 1 cm NEUTRON{>20 miemhirn N/A
REFERENCES FISSION/ACTIVATION RADIONUCLJDES

cU (Do not include Uranium, Thoriaum, or TRiU elements)
P4 N LZA-VUC-4 RSRO N/A RADIoNUcLIDE C. RADNUCIIOE C.
VROPERiY Ds~A

Q .NO N/A SOARHO 23-JA-3J-2 H 57.037
WAsit CATEGOSY WASTF CONTENTS DSCRtPTiON

(CNEK ONE) wAsirotsc~iloN VDiMEN WEIGHT(kg)

Sew
[]CE Tar ix 2.5

~os Diatomite 24.0 28.1

NC Silica Gel 65ao< 75.3

WSE Steel 8,4 12.8
ICHECR ONE)

Fvv C- mM Plastic .r/ .6
1 CL 0 WD e

N Si [ WD Paper ir .04

"CM ZnTW
] DM [-j SO
FIPB n NC

LM TOTALS 100 119.34 TOTAL 57.037
TRUOFSSILEi DURCE MATERIAL (Urahum, Thorium, arid IHU element) TRUWASTEONLY

EstiMENT sonorc nistamuviROro *W.ighr 1i WEIGHT(gq NRU-4G N -G AatI4CI

- _ JAM N/A N/A N/A

U 235-93% 238-7% Fissile Exempt f 7 N/A N/A

K \ N \\\\\\ TOTALS

Whia -Soi Waste Ensnriing Yellow So;i iwat;i !oriii 'ro. R'i- is ipper, Goldnrad - ,r.od by spper 54 6000 226 (

E-17
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rte 1 cit 1 CiI Jfl .i1..~O0

01565
SOLID WASTE STORGEIDISPOSAL RECORD Pa 1 o 1

Storage/Dispvsal kite : Waste Detignation L TRU M 1W ] MW fl C Eli Classiled

I certify that a physical inspection dFThe vrMnte ages to the extent SWSDR No- (Do It wRITEA THIS SPACII L8 8- i l - 9 -15possible and a cross check of the appicable documentation have been
performed in accordancewith TO- 00-050r TO- 00 10 wasteGenerator LAWRENCE BERKELEY LABORATORY

Signature - Aaceptance Date Charge CodeSO No. Or MPO No PO 4688506

WRMNo 9002
Area Facility Unit Name of Contact (Type or Print learly) R. G. AUNE

% A) 'TR JdodressiPhone One Cyclotron Road, Berkeley, CA 9472
I certlfy Than (1) No capita- property is included in this waste unless

Storage Lo-cation (S01) ricO~rner bedby a Property Disposal Requses and descibed below (2) To

Modrvie 15cr Poston the best ot rnyk rnOwedge, thne inforration entered below iscornplete arid
accurate. and the waste package is irn compliance with WHC-P-0063 and
th Storage.Disposal Appioval Record (SDAR) (3) Unless designated as
M:.ed Waste (M is was""isno dangerous waste as defimed by
Chapter 17330 or other appicable state or federal regulation

Disposal Location (081) goveirig the aa eent of hazardous waste (4) The charge code is

S e g n n in g C o o rd im a te s N W5 q ' ) S/0

EndingCOordinates N 4 w 2 < 7
WASTE PACXAGE INFORMATION ysica' De option o Waste and Comrents

Pik C100 -2.- 01 -00,5' PNTOiCG N/A -Tar n atomite, Silica Gel,
CONTAINER YPI 17H 55-gallon drum LW s[n N/A Steel lastic, Paper
CON TAINERtvrS AtWIvot . 21 Se t iG 21 .30.21OF COirt miNt 5g

El. 5/22/90 1i kq 30.2
is ORGAic N/A ORGN-d N/

tHESMAL COWER <eiw p ier. N/AiM5 wr /Ag LBL ID # 5-5-90
DoseRate(mremr) 0.05 a, I M NEUTRON(>20mrernmnrl N/A

REFERENCIS HSS1N/ACTIVATIDN RADIONUCLIDES
(Do~ nor tnt/ode Uranium, Thorium, or TARl eleens

"4INO. LZA-VUC-4 NNO RADIONUCLIDE C RAOIGN(L DE Ci

ICLiUSPOSA N/A H 64.0
WASrt AErORY WASTE CONTENTS DESCRIPTION

fli CKONE) WASTEDEWNIFU10 11i,U]f % WEIGHT ticil

CL Tar 1 '1 2.6

DS Di atomi te 23,e 26.7

1CM SSI

'4OC Sil1 i ca Gel 65,R 66.0

WATECOE Steel 9/X 12.9

i OE) Plasti -c D- 1 .54
SFW 0 HM-

L) CIL L) WD Paper . 14
X4 SL E GL -
[I C TW
U DM [ SO
U PB ! NC
L LM TOTALS 0 108.88 TOTAL 64.0

TRU/FISSILE/SOURCE MATERIA. (Lramiurr. Tnoriur. and TA~lemcenta) .TWA$TNONLY

arL*MCN istTOPiC DO rriutON [weisgh %) WEIGHT (g) NU*-FEI f+ Cf ALPA

N/A -/ /

U 235-93% 238-7% xf Fissile Exempt 11 N/A N/A N/A

UN TOTAS A. t M/ >
Whi. sodWauie A 9met 1.9 g Ykow. Sord Wmi.5hs r P- R.1w-n is.he. Gldrik d irard by Shippr 54.600 6 (0789)

E-18
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± 3 or . Or .5'. o

SOLID .VA$T T RAG E/01 SPOSAL RECORD Page I of1 _

- -Sitr-ag4U-0i6tI Sitj waste Designation C1 TRU g] L-W ] MW C] C+ - C3 UAssed

I certify that a physical inspection of the waste packages to the extent SWSDR No. IDOhOT WRiTiIrN TIS PACE - Q& a,

possibte and a cross check of the applicable documentation have been WLER - 96 -'5
performedin accordance with TO-1 00-050or TO- 00-110 Waste Generator Lawrence Berkeley Laboratory

Signature - Acceptance Date Charge Code, SO No., or MPO No PO 4688506

7 t) WRM No 9002
Area racdity Unt Name ofContacs (Type or Print Clearly) R. G. Aune

ICyclotron Road Berkeley LA 94/2U
-- Address/Phone F'r0 _q
(5~ael 01) I aertify trial: (1) No capital property is included in this waste unlesStorage Localor 1) documented by a Property Disposal Request and described below (2) To

Module Fier Position the Cest ol iny knowledge, the inlormacon entered below is complete and
accjrate. and the waste package is in coMpliance with WHC EP 0063 and
the StoragefDisposal Approval Record (SDAR) (3) Unless designated 3s
Mxed Waste ( ), ttis waste is not a dangerous waste as defined by
Chopter170 A1or other applicable state or fedegra regNaton

Disposal Location {D81) go~e-"ng 110 m rnagemnent of hazardous waste (4) The char code is
w ect

cginmng Coordinate% N 7972 S'qr-
Ending Coordinates N Ye W

WAST E PACKAGE INFORtMATION _ hysical De ription of Waste and Comments

DO Io - 0 -7 -~5 Sit, p~s o~a~i N/A Tar , diat mite, sil ica gel , s teel

co-- 17 55galln dum L~xHRDML N/Aplastic and paper

,,ON AtNE E4PTY TAKRE WEIGHT
.LUME 0,21 OfCONTANER(li 213
m1(s 2-4-90 55SS WElGriT i 1 50 6

I' iifMAL $101ti .iw r Wrt "" N irsIA A
mo 0- M i v^om N/AG N'( tkq N/A

I NA LBL ID# 2-4-90
PDseRare(mremhr) 0.03 at cm NEUTRON (>20mrem/hirl N/a

REFERENCES FISSION/ACTIVATION RADIONUCLIDES

--- ----N (Do not include Uranum, Thorium, or TRU elements)
7N1 N LZA-VUC-4 NUIICARIUD N/AAINULDE ltxtaauiutnE ci eAetosucuion ci

askOLIS * 1 N/A 4 -- - 23-1A-3J-2 3H --M 522
WAT IATEORY WASTE CONTENTS DESCRIPTION

a w
E CE Tar 10 20,82

DO
DS Diatomite 36 31.15

D ss
0NC silica gel 46 65.3

WAos steel 4 11.5
ICHEck Carl)

1 F H- tic 5 .43

L L paper < 0.001 .10

.CM ETW
DM 50

9PR NC
LM TOTALS 100 129.3 TOTAL 00.52

TRU/FIS SILEISOURCE MATERIAL (Uranium, Thoinum and TRUeents) TMJWAS~h ONLY
EisMNT IOTOPIC DsTAIUT'RLITION hI% WtiGH1r %)W (P) Al.Ct PSA 40

N/A N/A N/A N/A t/A f/A

T 0 TALIS

Wi., s.Ud Watt krig
5

rrgy Y.io. S.I'd4 W.r.. i. G.Idird - 11.1-dby Shipp.r 54-6000-b226 (

E-19
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SO1DiANA E TORAGE/DISPOSAL RECORD

01058

Page 1 of
.SloWage/Disa ste Designation cRU [tLW DMW CC C ]+ Clas5lied

I cemrfy that a phys caI inspection of the waste packages is the ectent
possible and a Cross check of the applicable docUmenTaIToni have been SWS No. IDO Nor WRIT _ I _s sPACEI E_____- __ -
performed i accordance with TII-100-050 or TO- 100.110

_ Waste Generator Lawrence Berkeley Laboratory
Sigriatuir - Acceptance Date Charge Code, SO No ,or MPONo PO 4688506

9 WRM No 9002
NameofContact (Typeo;rPrintClearly) R. G. Aune/MS: 875B-10

)/C z2.% AddresslPhone1l Cyclotron Rd., Berkeley, CA 94720
Storage Location (501) I certiy that. (1) No capital property is micluded in this waste unless

documented by a Property Disposal Reqjest and described below (2) to
Module oson the best of rny knowledge, the enormatrn entered below is compete and

accurate, and the waste package rs in Complance with WHC EP 0063 and
/ Ath' StwrageODsposal Appwcva Record (SDAR) (3) Un ess designated as

MAld /AWAs1," (Mt is waste s not a danerou waste as defined by
Chaptr13 C or other applicable state o eea euao

Disposal Location (D81) governig e ma gement of hazardous waste (4) The charge code is
P ---l orrect

legmrnngcoorimre- N 4fw

Ending Loordinates N W5- -- 115t 2;C
WASTE PACKAGE INFORMATION P ysalDe rpion 0 Wasteand Cumn ns

PI~ r N A ar, Dia omite, Silica Gel,
CONTAINERTYPE 17H 55 gallon drum LWxHORKDxL N/A Steel,. Pl stic and paper
CoNiAsNra Esptyy -~Ew~,

121~iI tig 21A.
CATE PACKAGED GROSSWEIGHTikg - -

rFEERMAL POWER U<l1W Er
3  

Zr VOL N/A MA. Wt r"st N/A
Ouse Rate (Mrem hr cm NEUTRON (>20 mrerhr) N/A

REFERENCES FISSION/ACTIVATION RADIONUCLIDES
NRC LZA-VUC- (/o no include Uranium, Thorium, or T) eements)rer NO Q NZA_____

PRA D ioNcLrtt -P CI NA/iAN 'UcLiD E cE s o r r 0 __' S A 
_ 2_ _3_ _q_20 1 0 2

WA A Ri WASTE CONTENTS OESCRIPTION -

WASTE Of scRIPTION VOLUME WEIGHTIkg)

SBW

SCE Tar ]a 22, 3
DO
DS Di atomi te 35 33.3OSs
N Silica Gel 46 6998

WECO Steel 4 12.4

L FW [ HM Plastic 5 .4
sCL IWD Paper 0.001 .10
CM LS OW

O PH U NC
C LM

TOTALS 00 138.3 TOTAL 00. 02
TRUIFISSILEJSDURCE MATERIAL (Vranrnm, Thonum, arrd TRU elements) tuWATEONy

EtEMENT IsOToPIcosm TAION (WW tJhi %)RWEIGH (9) o
N/A N/A N/A N/A N/A N/A

Ni TOTA LS'

Yi11 SW.aiieri, P'i Oiu i o 'i (oie4nod 4t-nedby i.ppiI 54 6000-226 11-189

E-20
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st - er i or 01. .u4e

SOLID WAST1 SIORAGE/DISPOSAL RECORD Page I of 1

Storag/Dposal So wWaste Designation j] THU X) LLW C1 MW 0 C + Classified

certify that a physical inspection of te 'a packages to the ettent SWSDR No. tOo Dt WRilli T4iS SPACEt L A ..f(CP - 9A -
possible and a cross check ol the app: cabe documentation have been '

performed in accordancewith TO0-50or TO-1001 10 waste Generator LAWRENCE BERKELEY LABORATORY
Signature -Acceptance Date Charge Code, SO No.. or MPO No PO 4688506

Area Faci/ WRMNo 9002
Are.) Faciikty Unit Nameof Contact (TypeorPrinteariy) R. G. AUNE

_ _ _ _ l('R Ls' ~V59T& Address/phone One Cyclotron Rd., Berkeley, CA 94720

eLocation (01) I tertify that; {1} No Capital property is included in this waste unless
Storage L________(5_1)_ docLmented by a Property Disposal Request and described below (2) To

Modul Tie( [Position the rest of my knowiedge. the informatioo entefed below is complete and
I I accurate, and the waste package is in compliance with WHC EP-0063 and

the Storage/Dsposal Approval Record (SDAR) (3) unless designated as
Ai_________ _ 1A A Miled Waste ) this waste is not a dangerous waste as defined by

Chlaplter 173 03 AC or otheT acppicabie state or fedleial regulaticn

Disposal Location (081) goveinmg e m lagement of hazardous waste (4) The charg, code is

Beginning Coordmiates N I 9 r7 '

Eoding Coordnates e_ 4'/ i I"/ 2w

WASTE PACKAGE INFORMAION T_ physical 0 scptoan of Waste and (ommf ents

9 0 0 C- .. ) o 7 PFINTOF O0-i N/A ox

COdTAiNEfTYPt 17H 55-qallon drum L.*W.HOfRxL N/A Tar, Diatomite, Silica Gel ,
"'S a Fi nieW TARE WILIGeT

0.21 f oc costa iksta 21.3 Steel , Plastic , Paper

- saltfACXACIO 5-8-90 cRosS WEIGeT (g) 148.3
T~[MLPWR' lORCA~i Olsr"

tnIENMALPOWLR f c aAR VOL% N/A AT -i N A LBL 10 4 5-1-90
Dose Rate (mrern/t) 0.04 at cm NEUTRON(>20mremi N/A

REFERENCES FISSION/ACTIVATION RADIONUCLIDES
(Iso not include Urarirm. Tthorum, or TrU efements)

LZA-VUC-4 .. ARADIOMUcLOE r RA0IONVICLIe Ci

I 'soESOSA* N/A I23-A-3J-2 3H 45.07
WAmIECTM)A WA7tECONTENTSDESCRIPTION

3H- WASTE DESCiPTioN VoliME N WEIGHT kgil

n CE Tar 8.0 9.07

Q DO Diatomite 24g 28. 59

ENC Sil i ca Gel 58A 77.1

WA coWt Steel a ,l' 11, 6

(ceirc P Iastic . r .59

L tiD Paper L . .05
SL D GIL

CM E TW
G )M L- So -

L] PB NC
N IM TOTALS 100 127.0 TOTAL 45.07

TRUFISSILtE/SOURCE MATERIAL (fjranium, Thoyurn, and TAU elementfs _W__WAMTOHLY

t rT tOctOiSTAItUITiO ight %) WE610Tl gj PU M.F6E K,11 4A7$AC5

U 235-93%, 238-7% Fissi e Exe t 14.0 RA 1A /A

TOTALS
OEM \17\5-\7 S 4, 6

*5ro Saidwasre iiniin"nrlt V .iio.. -~~ Wain ll. iti Pin, ill-, in 51nip G.nieni I.aid ire Siin-

E-21
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-1 rF4 ASOL .91T1ORAGE/DISPOSAL RECORD Page I of

, ragI salS .1 Waste Deeignation U TRu g] LLW [ MW E C + U Classified

s4 thWa&Zprsyral rn .f'il vveipackages to the extent SWSDR No. (DO NOT WRITE rN THIS SPACEIL- BER - opossible and a cross check of the applicable docurnentation have been 29Q_ _ 0 ~_
per formred in atco rdantce wth TO-lOC-0o0eor TO-tOO.? 10

WasteGenerator Lawrence Berkeley Laboratory
Sigiadture-Acceptance Date Charge Code, 5ONo or MPO No PO 4688506

WRMNo 9002
Area Facilty Unit Name of Contact (Type or Print Clearly) . A e

Address/Phone otron Rd, Ms: /b, Berkey CA' L -r0I I (4A1-5)0 486-5251 94720
Stie Location ($o) I certy that: (1) No capitar property is included in this waste unless

documented by a Property Disposal Request and described below (2) To
ModUCle Tier Position the best of my knowledge, the information entered below is complete and

accurate, ard the waste package s in compliance with WHC EP-0063 and
the Storage/Disposa Approval Record (SOAR) (3) Unless designated as
M ixed Waste (MW). this waste is not a dangerous waste as defined by
Chapter 173- AC or other applicable state or federal regulation

Diispvsa Location (081) governin m gement of haado s waste (4) The charge code is

BeginnirigCoordinates N w g5- '
Ending Cooidinates N w

WASTE PACKAGE INFORMA TION Physical Des p, oncif Waste and Comments
P 00N2 - 0 ' - o S oi i N/A

CONTAINERTYPE 17H 55 gallon drum knW.H0RVt N/A Tar, cIat mite, silica gel, stee

EM.O21 E AP WEIG2T plastic and paper.

D*t"r ?A(KAGEO 2-3-90 GROSSWEiGHT At 139,7
THERMAL POWER _ Tots N/A Wtl N/A

DoseRate (m'-errrr) p.0 at CM NEUTRON(>20msemmh N/ LBL ID # 2-3-90
REFERENCES FiSSION/ACTIVATION RADIONUCLID ES

CIO Has (Do nor include Urantum, Thorium, or TrRU elements)
4rNo LZA-VUC-4 N/A RAiON'J1titt Cl iAfiONtJCE
RUPERTV DISPOSA L EE

WaSTE TAEGOv WASTE CONTENTS DESCRIPTION
(CirA ED

WASTE DESCRIPTON VOLUME. WIGHT tka

flCE Tar 10 19,1
L DD

DS diatomite 35 28.5

U NC silica gel 46 59.8

w ton Steel 4 10.5
!cHr CK ON1- --

fJFW flHM plastic 5 .41

[[(Ct 'Ipaper < 0.001 .08
[I CM D TW
[] DMI ES
Cl PH [- NC
D LM

TOTALS I TOTAL 199 521
TRU/IFSSILESOURC E MATERIAL (Uranium, Fhionum, and TRU elements) IQUWAMTh ONLY

LEMENT isOToPI( Oi$aIBUTION iWagr%) WEIGHTii PVUl9 --P I.Xf

N/A N/A N/A N/A N/a N/A

TOTALS

Whi. tolidWart.Eriirrfrur flisw laisd Wmir. ui..ao #.rrt karurr ios 5psnr 6vidanrO -I E n byli1p, 54 6000-226 (7 19 , '
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SObD WAT1 STORAGE/DISPOSAL RECORD Page 1 of

Silra Sp ite waste Designation [3 1 RU 2 L I W [] MW 0 C Classife~d

t cerlify that a'physlrx-Tr , f t ast pakages to the extent SWSDps No. JUO N0p WITE IN IHISSPAmt.L A _- &56 -96 -5
ijos sble and a cross check of the appticable documentat Ion have been

performed in accordancewith TO 100050or TO.00-1 10 Waste Generator awPP RnrkP1~y I a -nal-ny

Signature- Ac plance Date Charge Code, SO No, or MPO No PO 4688506

W L WRMNo 9002
Area Facility Ul1 sarne ofContacI (Type or Print Clearly) R. G, Aune

So R AdNr ess/PhOe Berke ley,

Sertify that (1) No capital property is included In this waste unies
Storage Location (SO1) documented by a Property Disposal Request and descrbed below (2( To

Moule ier Posito tire best of m ynowledge, the mformation entered below is complete and
Sacurate, an the waste package is in compiance with WHC-EP-0063 and
ite StoragelDisposal Approval Record (SOAR) (3) Unless designated as

O/ M xed waste (MW this waste is not a dangerous waste as defined by
chapte, 173-3 -or ocher appiucable state or fiedejal , egulation

Disposal Location (081) governing t man ement ci ha IdOD ase (4) Ihe charge code s

Beginning Coordinates N S'4/ w 3

E d g coordmrates N W 59aw b( C
WASTE PACKAGE INFORMATION hyrsical cption Waste and Comr ents

Pi. qDOIiT Of OitI N/A

drum NTar, d'atomite, plastic
NtA EH steel cans, silica gel, paper

0..u~ r'" 0.2] FOFIN1i 2.

ATIPAcKAGED 1/25/90 _ _ ____ _ 1574

PrEAMAL POWER s0 W
t  

M t CO. ar. ikg

iaternrehi) at NEUTON > rer- N/A / T - # - -9c
REFERENCES FISSION/ACTIVATION RADIONUCUDES

(o nrot Include Uranium, Thorium, or T7RU elements)
4 LZA-VUC- 4 R N/A RADIONUCLIDE Ci RAOiNCLDt Li

"v0o'Frn DISPOSAL OR O

WAsTE (ATIrOPY WASTE CONTENTS DESCRIPTION H 90

Wiii DofCRIPTION VOWME WEIGH - ii@

CE tar 60 70

D5 Diatomite 26 28.0

DjNC Silica Gel 5 26.8

WAStf coot Steel cans 4 11.0
(CHtE ONO

LYW QHl Plastic 5 .4

El CL f wO Paper < 00001
5st flGL
n LM QTW
F- DM U SC
[IPB Q NC

L. TOTALS TOTAL 90M

TRU/FISSILEISOURCE MATERIAL ( mrarium, FhOnum, and TRU elerenis) 0)WASTE ONLY

tiMfNT iTt vlrDISTRi * 4wRy %I WEkHTII 9 g -cF -. V

N/A N/A N/A N/A N/A n/A

TOTALS
Mu 77'g ~.rd y5i~ 46002.ji

White Soid Wdit, SitfltmeIi Yeiow sud Waire h h redu, Pro Rrr- I. >ipir 5 -600 - 6 (07(8s

E-23
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A KSWITS LOG SHEETS 1990

Waste P W Accept PIN

Cmpy Bldg Area Type Type Facility Unit Date Number Volume Weight SWSDR

HER L -LAB 200W 3A R 2185 T22 08/20/90 9002-02-60 .210 134,72 900056
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-61 .210 146.01 900057
BER LBLAB 200W 3& R 218W5 T22 08/20/90 9002-02-62 .210 159.69 900058
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-63 .210 337.29 900059
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-64 .210 355.89 900060
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-65 .210 354.98 900061
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-66 .210 329.08 900062
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-67 .210 347.31 900063
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-68.A .210 348.58 900064
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-69 .210 347.72 900065
HER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-70 .210 360.01 900066
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-71 .210 378.20 900067
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-72 .210 350.90 900060
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-73 .210 379.11 900069
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-74 .210 337.38 900070
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-75 .210 360.51 900071
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-76 .210 357.70 900072
RER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-77 .210 332.71 900073
jBER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-78 .210 328.58 900074

jER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-79 .210 327.72 900075
-eER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-80 .210 339.10 900076
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-81 .210 325.00 900077
IBER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-82 .210 320.01 900078

tER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-83 .210 361.78 900079
ER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-84 .210 355.89 900080

3 ER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-85 .210 361.42 900081
HER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-86 .210 354.12 900082
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-87 .210 348.58 900083
BER LBLAB 200W 3A R 218w5 T22 08/20/90 9002-02-88 .210 355.89 900084
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-89 .210 358.20 900085
BER LBLAB 200W 3A R 218W5 T22 08/20/90 9002-02-91 .210 41000 900086
BER LBLAB 200W 3A R 218W5 T22 08/22/90 9002-02-40 .210 115.39 900087
BER LBLAB 200W 3A R 218W5 T22 08/22/90 9002-02-41 .210 133.40 900088
BER LBLAB 200W 3A R 218W5 T22 08/22/90 9002-02-42 .210 124.69 900089
BER LBLAB 200W 3A R 218W5 T22 08/22/90 9002-02-50 .210 143.79 900090

BER LBLAB 200W 3A P. 218W5 T22 08/22/90 9002-02-90 4.500 1946.81 900091
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SOLID WALTECJQ AGE/D15POSAL RECORD pageIo

14rg/Dsoa .4e was te Designation T RU Ju KL LW Clasiie

I 'er t y t a sliyacal Ispection of the 0 ste ages 11 11e Extent VW5OR No. to0NOT WFITLNIVSPl M U Egg -(,1

possible and a <ios check of the applica ~o,, ntation have been

perfoi med in accordance with TO-100-0S0 of TO-i00-1 10 Waste Generato' Lavrenqe Berkeley_ a a

Signatur e- Acc tane atelZ Charge Code, 50 No or MPC) No PQ 4688506 -

WR 0 aNo n

AreaFacelity Un't Nam eof Corntact (Type orwPint Clearly) Re G. Aune , MS: B75B

/g -jg -f' deessphoe 1Cyclotron Rd., Berkeley, CA 94720

cerutiy that: (M No capItLai pio I Y 1 cuoid I eteu ls
Stoilage tociaticin (501) dumpnted by a Pi operty Disposal Request and descwbd below (2) To

--- -hebes of m knowledge, the information entered below, is complete and
MoueTier positon acurate, anithe Waite p',Ckage is in Compliance with wHC-EP-0063 and

the Storag,,D~sposal Apj)10val Record (SOAR) (3) Unless designiateo as

M ed Was"'( this waste is not a dang,?rou waste as defined by

Chapte 1 7 3-L W or other applicable iit ate ur 1 idra regulation

01soial octio (81)cgoverning t ma agemni of hazaidiu waste (A) The chdrg Code is

En Coordinates NW

WA STE PA CKiAGE INfORMA TION Physic61 Cripilon ot WNs arid Co ments

O(O ~ C 0'.. le- 0 osoeG N/A Tar, di tomite, silica gel,

'votsioiifpir17u al -11 dr m LW.1411011.Nj steel, plastic and paper
) O N T A I N E R5 q a l o d r u m1 " , 1" 1" T N /

.A IE PACKAGED o w GH k

THIRMAL POWER 'DI -,ANv" kgA LBL An i 2N/-9

Dose Rate (mirem/hrP 0.03 atNEUTRON l>20mremir N/A B ID4219

-EEENE FISSIN/ACTIVATiON RADIONLIC LiES
DO N ERE CE (Do not ticiude Uranium , T horium . or T"L RU lement

141 ' L ZA\ UC -4 A NO N/ A.. o str ^ouan

0.to ~s N/ A tAri No 2, - 50,02
WA& ECAT' V WASTE CONTENTS DESCRIP710M

iii( DOicRPiQ p VOEui WEIGHT (kii

0 CE Tar 10 18.0

DS i ati t-h 35 27,-2

NC "'il a467.

WASTE LODES if-
(CHECA oOE

I'FW C1 HMA - las

VJ SL GIL - a

U Pq D NC
D MTOTALS 100 1. TOTAL 150.02

TRU F S5ILE/S0UACE MATERFAL (Uranium, Thorum, and rRU elements) U WAiT OmI.Y

I I 1APIT5IOPICDSisvel im"IlimM% WEiGHT~g ii

NIA NIAN/A N A NIA N/A

GaiTALla 54a db Sip 4 6000-226 10/ 8
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~O± 'V

01053
0. L ASTE STORAGE/DISPOSAL RECORD age 1o 1

-faQg s aI Sit Waste Designation 5 TRU f LLW 5 MW [ C + 5 Classified

terfy'ar a phys C toages to the ext e S No iOOflwOiRiit .5Y*iS5PAC L P 5DO,.4poirbir aind o-ob dtr~L.rbe.eDPPWAc Pie 1cureniautiori nave been IL ago-
per formed in ac.aorace wrth TO-lOQ5OSr -00-f Ii
performed in accordancewith 70-100 d _bc_ 100-110_WasteGenerator LAWRENCE BERKELEY LABORATORY

Signature- Acceptance Date Charge Code. No.or MPO No PO 4688506
WRMNo 9002

Area Facility Unit Name of Contact (Type or Print Clearly) g r, Aiji
AddrewssPhonelptW otron Rdl/24BA 2 reley CA

Storage Location (501) I certify that: (1) No capital proverty is included in this waste unless
documented by a Property Disposal Reiquest and described below (2) To

Module Tier Position the best ol m knowledge- the information entered below is complet and
accurate, and ithe waste package is in compliance with WHC-EP-0063 and
the Storage/Disposal Approval Record (SDAR) (3) Uriless designated asIixed Waste (MW). this waste is rot a dangerous waste as defined by
Chapter 17 3- - .r other applicable state or federal regulation

Disposal tocation (D01) governe g 'h ana men! of ha ardous waite () The charg code

Beg.nniogCoordinate N W I

EndoigCoordinates N 646 -7 W 10/1
WASTE PACKAGE INFORMATION Physial De rptio of wasteand Conrienits

'IN q -02-o o / , r N/A Tar, dia omite, plastic, steel
aii^ir'ss 1H, 55 gal drum L .W'HORiL N/ cans, silica gel and paper

"CONTA R E MPT IARE WEIG1Tos 0.21 oTY rANERkg

OArs PACKAGED 1/29/90 CROSS WEIGHT Pks 146.0

4HERA MOE a1At AAIL NVOL % NA MArL. Wt tkgi

Dose Rate( mremihr) 0.03 at NEUTRON(>20mremhrl N/A LBL ID# 1-6-90
REFERENCES FISSION/ACTIVATION RADIONUCLIDES

DuElest 1 iiCA4 JSO N(Do not Incldae Uranium, Thoiium, or TRU elements)
1NO IU N/A RADIONUCLIDE C, RADI.ONtALIiE C.

SREQUESIN. N/A So n. 23-IA-3J-2 3
WASI( CAtEGORY WASTECONTENTSDESCtRIPTIONwC"ECX ON) WASTE DEStRiPION VOUME . WEIGHT (eq)

H BW
DCE Tar 10 2M

DS Di atomi te

L] NC Silica gel 46 6 _____

WASTE con Steel 4 11
tcafrrovi -ati

D W E HM Plastic
c El WD Paper < r) nnif SL OGL

P1CM DTW
[DM so _rj lB L NC
E LM

TOTALS 100 124.7 TOTAL 18.535
TRUFISSILESOURCE MATERIAL (Uranum, Thoriirm, and TRU eerrents) TRUWA$TEON&Y

LEMENT iscTOVIL DTribuTiOk (winr (i) G(Y) J 'vasf 1EW 591 V.ACt

N/A N/A N/A N/A T/A !/A

TOTALS

Wti. Sand Wrir. ame.nn 5.llo- S0kv Wone $txa..r Pin Re-r, III Shipp~e Goi.W-d xauWidx by Sipp., 54 6000 226 (0/109)
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Appendix F

Regulatory Citations Supporting Redesignation of Waste
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Criteria for Classification of Solid Waste Disposal
Facilities and Practices and Criteria for Municipal
Solid Waste Landfills: Disposal of Residential
Lead-Based Paint Waste

Elarc [PA no Icnqcr ipdatn' this ntrrnaticn, b.-t It may ce useFul s aL reFerence r resu '-e.

FFederaL Register: J-.ne 18, 2002 :Vo-i, FH|, Ndmcbr 117)]
[Rules and Re.ulations]
[Pagje 36487-364.95]
orfl u.he dcora gi Or te via GPO Access [waiov

Doc::o: t r].2j n0 3 -14 1

ENVMhOkMiNTAP. VHROTC%13 A2G-:JCY

40 CPR Parts 257 and 258
:FRL-7514-7]

Y, IN K, 5 ) E ., ), (

Criteria ±or Clazoifzcarion of SoLid Wastc 1sposal Fac lies
rA -'r-a.miceB e-id CI.. eria For Municipal Solid Wate Lortillsc

Lisptao at Hrsiden ia_ Lead-asrd I.. lqt.

PGENCY; ErvirunenLe. Pot'cion Agency (EPA)
A CTI N: PIlai i r1l C.

SZ~~C~A.RY: To help accelerate -!e pace ot ard basal A ill. nroal fr)-
reEidences, anuld thieeby r eduue exposure to chiloren and adults tram -a

oal b ' he 'crnia trod with lad, EPA i3 promulgatinq a chance to its
defini-ion o a munricipal solid waste indfii ini U' ' i: butl LrK

Criteria = Classi-Fcarior of Solid Waste Dlispasel esei-ti :s ard
eeL. ce i cnd L.e (ri1eL. i A C uWrd cuical Sc lid Waste 7aiiJsI - ~.T

add i L Hn PA i promil cating tw o ne'w definitiors for - -corCotruction

and dero'L ti" cn landfill'* and rneidanl -:sd-b'.d pairL
r-3t' ' :his f inal rule '<11 ezre ssly allow re s iaent ial load -based
i 11 1 waste te L.a C:IExwtp.-Lt F r oiri the hazardous wart-e managemenr
reqiiremerts as hanse-iold waste to ho cIts1px in enatrul ocfiri arid
denolition landlfille by ztarnq that a rnArtrucdoa srI ocal ilan

Fi l~ i e ipe r:s'i danhiai lead -based painz waste, an nio other

F-1
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hluSeUOld waste, is not a :municipal sli id waaie 1aridfll. unl. -oday's
coLjon'wculd nct prevent a municiral solid wote landtill unit ±ror

Cnt I rt< 1 o IC2C Lve residential lead-based paint waste .

DACES: Th-i.s final rule Wvli hecooffnct-.teivn co jurZ -, :c123. -Th
Agenoy Linda good cause cc make this rule eatective irmeciate-y recause

today's al rclc provicdcs an addi:-onal disposal op£i for
residential load- bas 'P oai lL. wasta.

ADDRZSSDE: Cpies of the documents rctcvanL to La.e ac:ion '')ocYL:. NO.
?CRA-20D1-0017} are available for rubilc inspection d.ring norma.l
tusi noc honrs f roi &:32 am. to 4:30 p.rr., Monday thrc-ah Friday,
excludino ftcldcral holidavs, at t.:ie RCRA CnfoTaa enter (RIC),

located at EPA We E Room B-102, '1.1 nsil uLion Ave., N W
Wasinqon, DC.

?OR FDRTlER IbOcMAI ION CONTACT: For aeneral information, contact the
RCRPA lotline at f30D) 424 S44 or TPi (U-00} 553-7672 (hearing
imoaired)' . Tn the Washingtor, DC, metropolitnn nrea roil 0,) 4 2

9o-ion TDD ()03) 412-3323.
_o2 intornation on speci' CfspecLs ot t.ii rule. coitact Paul

Cassidy, Mnicipal and Indsttria_ Sl3ii Ltastn bi vian, Officc of soli
ts-e ( il code 5306W) , U.S. Envionmenzal Urotecrior Agency (E'A,

KQ), P120| FnnsyUvaiaf Avrnue, 1-W, Washington DC 20460; )703) 308-
722 , cass rvau 1 Noon - gow . The rcdex and some auruort ing ma-nerala are
available on the -ternet. You can tind tha n toria1s

j IL p; -// .p.j qo .' Q:2 ao'wer/rn-n w/uaon-/l_und f- .. ip ,_ain:. --..

SUPZEI-_ENTARY -NFORMATION:

I .(ten2.L - li -or--li on

A. Regula-ed Entities

tni tins ptcr..ia I~ly c ov v y L hie reu_a ior ace pualic or
private individuals or group' that 3.nmrart rm iictnzia- csd as-wi

r.a in {INP) wasLbu 4s ress'.t of aWatement, rehabilitation. renovatLan

and remodel ing in hoea, res I den s, snd oL her rulieholds. By
"houeeholds, '' we mean sirg.e Lnd multile residences, hotel: cod

m10'12 .urVousc. rAgr.E -it :ton, crew quarters, carr.pgrounds, picnic
qround:, and day-use recreation ros. AffWc1.od raxegcr cc ad sriL.

m l I.11 : .13ia

[Prage 364 -]

Category Exanoles ot aIIected entities

lndividuals anr tirms who Cosr.x acoLors ail do-iL-yourseljers wio
Cenerate residential L20 

g-2 rate 4nd fispcse ct r idntisl I

waL::. L waste as a reu~_ F tement
ehabli.LLaon, rsovat. , itcn-

ro-n.-del 1 opA 0 nOllC, rl'i inic, ol-id

orher households-
Kons-rzctien sod lelr I. ior Owne prrs r prcs of on-r CAtion and

wcse d-s-osal firms . demoLit] c1anccc: thr -- c
residential LDP waste for dis-zsal.
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The iab above is not intended n-. be exaiustive but, rather, i

itended r.o provide oxamplee of enrtitien ike-y o e r-gula-ed fy oari
action. To determine wheher your -aciLity would be ijuc ed by thir
artion, you should carefully ex-minC Lhe applicability cui -ia in Lhia
rule. I you have questiorn regarding the applicabil i of nhis ation
to a particular feciliLy, p~ eare cnon-act Paul Cassidy, U.S. EPA, Office

of Solid Was-te (1306L . 200 Pennsylvania Av. W.'ashingtom, DC
2C46C; telerhone 0.-3tS 7281; e-mail: car idy-ga<Tcua.gov

N. ?iw Can I Get Conies of This DOcuOment and Other Related -nformation?

J D-ockicet-- -PA M e8Lablished an oftfiial DLublic: docket for thin
action under Dockc- i- N.. RCP-2002-0O7. Idofa ~ -Cial pLlic docket
consists of the documena- soczg fiua~ly referenced in this action, any
,ublic coir.ente received and o ihor inforiatin related to tnis action,

The c fti i aT nb-i docket ir the coTl1cuion of -- ?terialn chat is
avainole tor nut c ieeiug at the RCAA In~m-ma1cx Center (RIC)
loca-ed at EPA Rev- -3oon . -02, 130- C:n[titurion Act. NE., w;shirtton
DC. The &ocke- Faciiy is onpn fvo- B 30 a. m to 4:30 p.m. londay
thre-jgh rr day, exclusin Legal -olidlys. le Lelephone number for che
Pub-ic Reading oSem is (202) 566-1744 In ohe msshixtoni, DC,
metropclitan aresa, ca] .1f2 565-0270 or TDD 702-412- %A:- (hearing
impairedi . To review tne docket miteials in person, w rr:commend u3at
rh; pbl 1 c make an appoirmen by oa l li ng 202-55-0270. The pub-ic c n
cony a maxioum of I '10 payes from the docket at.l no eharge Additional
copies co S0 ./pag . - I f you acce s the informati o e- L Lraica-ly

you can donload or print c0 0
ics i~ee of charqe.

.ecLr-ciit Lccess. You fay access this Federal Regjster docurr.t
electronically througlh Lhe EPA ~Enterner it der the -- Federal Reister''

.siags ar httop w rcp /~edrgsr
An elec-ronic vernion o' he public dockeo is aval anl a ithro

<PA's e -cot roric pubL-ic docket and coirentL system, EPA Dockeos- You may
u'ir- 1PA Icks A tt-p: //www requ - o/ Lo access the index

iscing of the contenmrs of Ike offii1 pubLIc darkeN, Ard Lo acceEs
flose document a in the public do-:: IthaL are available electron- cal iv.

Once in: th: Syale, aelect n'earch,' thi(-c key in the appropriate
doolcet ilentitica-ion nim1c r Aithough not all do-k't 'ateria may .e
available elecoronically, you -ay i11 acceon any D t the pnhl i cIy
avail.abhI dockor "Lerials throun hc dookeL facilit-: identified above
in Unit I.E.

C. Act.-nr-yq

A -, - )71- - Defi4nition

CDC-..................... ........... ... Centern or Jisease C0oLrot and
0

revent -on.
C&.-..-..-..-, --.-.. .------------------ CtOstr-tior.ur ar emolition.

CYR-- ----- ----- --------------------- ode of : r l Regulaion .
En . ..... ... ..... . . . ........... . . c.. onoric Analynis.

.....,.. .......... . . ..... .... Envo nmental Protec ion Ageny.
PR. ....................... .. ....... - de ra Tegn e r.
hUD-- - ... . .. -.... -......- ....... . .- -. S - Department- of -- s ay end

Ui an Developmer-o-
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IQ . . . . . . . . . . . . . . . . . . . . . . . . . . .. Ir..T ellig nce uao--ient.
LI. - - .- -..-------------------------------- --- Be ed Pa nt .

Ms F. .. . . . . ........................ unicipal, I S ' ;as-e Landtill.
O m . T . ...... ................ . - ffice ct management and eud eL

OPPTS . . .. ...-.... .... .... . f fice of Prevention, Peet ice,
and Toxic Substanca .

OSKE ----- ....... ---------------Off nt Scid Waste and Emernency

Response .
CR ....... ... . Resource Conservatfin anid Ioove

Ac:.
.I C ...-.- .-..... .......... .. .. ... .. ... C A o keL -nFormat on Ctiireor .

TC. ------------------------------------.. TocicityCharactarisi-ic
TCLP -- ............. -. ................ To icity Characteris-ic Leaching

Procedure .
~sc. ............. .......... Toxic Substances Control Act,.

D9 iA.. . ... ... .. .. .. .. . ... . .. .. .. ... Unir0r?.i St-At.eC Eyi h onmc .-a-
Pro!ecoion Agency

-. .eoci Aut-oir I y

. - Summilri or )ripor.T lcad 9&Sed Pa ;i L Ri~e

A. Proposed Change -c the Detinition - Municipal Solic Waste
Landfill (M SWLF Un-i t

B. Prouoed 5cii r or of 'Coneorucuion and Deriolioi :C&n)

C. Prnproed Definition ct '--Resid ntri'l Iear Hasme ftant Wianre=''
P.Ra-_-onal fur Proped Rule

III. Simmary ro P1);li Coumi-rt ar a the Zgency', Respoisas :o Lho -

C--FMentr

-V. oner Applicable Federal, State, -rbal, and Local Require-.entE
V. How -ill Los anrd TriheE -rplemerzrhis Ru~_e?

I An-" ?Oes ctis Rule Comply wtLbh Appl icabi a1.uIes and hxeruve
rderz? Statutory and Executive Corder Reviews

A. Executive Ccder 12865; Requlatory Pling end Review
S. Paperwork Reduc-icn Act

C. egulatary V 'exib-lity Act
P. UifurnderJ 4i-r~del~ea Tefor: Act

E. fxecu'ive Oder 131.52 E-e dcral i em
F. Executive Order 13173: CoDaltation and Cocrdinatmcn with

Indt an ITriLal I *n-ernmnnts
2. Executive Order 1204-5: :rc-.-ticn ot Ciciren trom

E-ivijHoniieotal Hea, It Ri3k- and Safety Risko
K. txec.nr-ivC Order ~3211 CLIjre L:. AJig0: F~ i:AL ly Aff-fc--r

Energy Smacly, Distruiution, or ure
I.- Nat i a -To loyp Tracsfer and Advancerite- Act of 1 19

S.Ext~"ee-ne orday 1 2BE: ?tclcral ACis ho-s lo A:dtcue

Environmental Justice in Minority Populat-cns and Low-Income
"omu.ti.ons

K. Dorcj-sisinnai Rev CW AOL

7- Lega Authorrnty

EA -s promum-ating this ruin pursinot to (m.±n ±oo -a: 12 ,

2O02a)'. 'I'a:' sou-id 1010(c) of the Rezcurfco-eervition ard Recovery
AcC ('-IA), 42Li.9C. 'Cvs. E6vv'ai), 0.312%a), '944>2) , 59490'>' . u-e r-
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als, corieEcting a typographical error in the txisto-g scatoment or
authcrity ir part. 257 by aoreding t-e cioation to 42 -,.0. 6949 fc) to
read "2949a(cV

-. tummary of Proposed cod-Based isiniL Rule

A. Proposed Chance tD tie Dfli-ni-ic-i of '4icipal Sol2d Waste
I a nefll (MSWLP)L ni t

In :Ls October 22, 20-L, proposal (see (0 j 53565-52) regarding
the disposal of renidentia 1 7ead-based paint waste, 7e Acency proposco
to expressly al.0'w corsr-irtinn and demol kion landtills to receive
e.;i3ential Lead-ased ca it S wY aste- -\ This was to be

cmplished ini part hy ad-.-g a toneence to the definition oF
mneni:c"pal sclid waste aidfi~. (Mwim unit in 40CFR 25-.2 anr 2158.2.
an follow.: "A

[Pege 3C42 1

ccns-rlu2ior. and demolif-o lardtill tlioc receiv-s reidertiol I ad-
based saint wan< a-id does not receive nV o:her housthold waste if n;:
a 1SWLF unit. The Agency explir ed in the preamble to rho proposa.
that t existinrr deft:1 i Lion of 7 MSWLF unit i c~ludes langug. chich
states that a disposal uit tat rective hsuseht-i wasre' is a
runicipa solid caste lana"71 unit. Thii language ca-i e construed rn
proibs: rZte disposal of any hus ehold was:-- into a tact i Ly that is
not dsigned and o-eraitrd in contormna wi--a 40 CFR par: 2;-
reult i ens. A.- a re-,ri It A ency : pcposed Tc arnind the ei nit. ion of

IISPLFtst, to distiqnuish rrsidential toad-based pail. waste, wi-h
-as teen Deerminud to be a hooeho d waste, fro- other Lypes or

hcs:;hold waste, for pcrpoez of disposal.

EPA pu I:-hed a doreoc '~inal rule at 86 r 533u (Oct . 22,
2 :! i Louether win> L-shi propOSed cule. EPA witidrew the dir,:oL final
rule antc ece-.ving adverse comments, $6-FR ;1fl Dec. 2!, 3r i,.
Today's rule is Final action or, Lhe propnsed rule.

Terdfn il. on aS pr--'"' :. as tol UWs: 'Munic cp- olic was-e
'Adi.l ('MSWLF) ti i 1a- o c. cii Crree area a!. land or ar ocavation

wriat receio- riouseaolc wakile. ar thaL hr no- a land applicatior uill,
curface im5 .cndrent, injectCon well, er waste pile, as L-lose terms are

de i d in his SeC.i o.. A MS'LF 'uit also my ontinuc 7- re ine
other Lop-e of RCRA ub.. it le D wastes, suc as commercial so~ id waste,
norcazardous sludge, and indisLrial. 2ot:d -waste- Sunh - landfill may be
£IpbIciy or privately-owned. A rcdFe unit may be a new MSlLF unit, an

cx-i so ing MOWLF ulnit cv. a ntteral cupansior. A Conzt:-ution and
derrcliti on lanfill. that receive resierLtial ead based aint war.o
sri does no- receive any erh- -ousenold waste is no. a NWL2 unir.

.- r prorosed charqe was des i -led to simli V distinguish eEidertial
-'> wase from other houshold wastes. The rprorcsi would not alter
what a Nciv could or cci 6rot receive- [ASLFs woeld be allowed lo
cor-ue ro recn.ve residentia: LB= waste ks househoid caste. -he
prososed rule expressly provided a-r additicnal land-oased was:t3
disposal -tpLton for resiriertlal LRD waste,
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2. Proposed Definit.ion of -Construction and )cimioli-ion Landfill'

ihn Cetoner 23, 200' niocce also proposed to add a ofiniticn or a
consoruction and demolit. on (C&I) wasiw: landF which would expressly
allow or.--y Ca:D madfill , and no rthrr types a land disposal uniLs
ohaL moot ths cyteria o- L0 CFR par: 257, cc receive reiC2ni al BP

wasrte. The Agency propomed to define a C&D larsdfill as ecl.Lws:
Construczion and demolition (W&D} 1DiFill. iea a soFLid waste

disposal faomlizy satje- to the requirexrrntrrs at subpartc A or B of
thims phrotle .L recoivi rcnstr'ucrin an-! di-molition wacte and dce.s rOt
receivCe hazadols waste (defined in Sec. 261.3 of this chautot) other
than cnnditionally exemit small quant.itV qeneraLo: wasto )drfttined in

Sos. 261.5 of this chapLer) ,Or ixdutir 11 solid taste (etired -n Sec.
259.2 of this Ahapt.r). AC&IJ andt I. F .yi Cai ly recaives any one or

more of Lhe followirg typvs ot solid wast.s: -radwork iraterial.
mxcavatcr] natriria.l, denoli-ion wazte, c'nstructio/rsuo'aLcn wastr,
and size clearance waste. The proposud rule wool c add this definition
to 40 CFR par-s 257 aro ,'h.

C, ''pe iefinition of Residential Lead-Dased PairTq Ntca '

iaualvy, FO? pcoccsea to define ''resicsnrial lead-based paluL
w:-Le' o r:lai-ity the scope of ohe waste stream addressed by tho

proposed rule. The proposed definition of residcntuaI lead-based paint
waste is as follows; 'eeidueLial lead basd pain. waste means waste
generated as a ret t at le-ad-bared pain- ativities (includinr

abs ccrnt, rehasiliatin, cr:enovation and rer.odeligy) i: lomnes ald
othrr residences. The term cesidential lead-oasd pint waste includes,
out is not limiLed to, 2 ad based palnt debris, chips, dust, and
Sludues.'' No. inucrled -n the proposed detirio-on of residenTid-1 I 3

wAsrrwerye residential LTP demroli-tion arid dsoonstnci. waste, and LDP
waste frot: rioresideni. ial skructus s c, as pub ic and co-ercial
buildinqg, wsrrh as bri dgE0 , water cowers, cr tranaminc Low:s.

i:i proposing tee definition of residential lead-basrnd paint waote,
hr Ag ency included these psricola LP acL-V .i cia becaCUe :hey were

lim-iLed o * a i cns and wr ld am lead nazardIs o nccu ans,

LIpci11 y t children. IWe included the oa:L-i-la- LrSL type- (i.e.,
debris, chipo, dus-. ard ldg s b eos' rhey arc: typicall" qenerated
d-J i -J I 0 1 n t1 Er acoo~.-ra le

I. Rationale Corerinind e. ii

In the p-eamble to the prFopow- EP; axp a.ned ode Ageccys
0ati lE) ar.n Jmttification o, ths proposed changes, as well. as tn
ar.lyiCal basis for the proposal. :he croposal provid a i

discuosion of: (1) T e o soll UliaU 'csiden:. Ial lead-based caint r.s a
cornoor ri tr 1h'i drr.; (2) the Congreosicnal enac-ent of LCh H-1i0 enti c

"a1 Ba.ei 2aint Hazard Reduction Ac: of -972 (hero i nafor referred tc
-- 'itle X rf the Housig arid Clomni ty dr elpment Act of 1992, or

T itle )C nI tch cnrrrrs at stakrhalcers wao have seen the
azq1 j c ian at RPAA's hazardous waste regulations -as a arric-r te the

c ot-efft o-ive abLe treiit. or la rds () Ohs 1992 prooSed rule

under Lhb Toxi e Luai-anres ,On7r. Ac: ([CA which proposed rew A;

rnang nut an1d disposa l standards for LBP dEbris tnonra-.dby
contractors from poe-PI7h ho-es end p.rb and zanmerria. buiLainqar
(5) the 1 'W2 nmiorary susp:ension Lot ohe roxicity chrerai a or
aptcitied lead-hased oairit debri under 2R/ ad > the Juy 31, 20C3
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remorandim cilarityirng tt rgt 7glS)ry SKatus under RCPI\ Sutizle C ot
wastes eenera-ed as a result of LBP activiic, iroludiu abaterienti,
rexmvaL. on and rImodeling, and rehabilitations rn hnos and ottor
reidences. In the July 2:1 ,010 ciriorendum, t-he Agency interpreted
rezidential L2P waste as a household wastL excluded from tpe hazardous
waste management requirerents pursuant to tho horacholl wasue excus iu

7' / I) R 261.1 (-d V Lids qivinq rise to the proposed amendrrlnts t-o

pa I.s / and l>t uo cxpard disposal opniors for r:esidential LUP waost
-o include C&D landfilis, as well ap [ItWLF units.

III. Summry of Public Comments and the Agn:cy' Ks lSpunSS tc Those
Coir roeti L s

lbh Aganoy received a total Oc~ fight co-ments on the Droposed
residential sBD waste rule: four -rnm Comstruction and/ar demolition
trade associations, and one each iron a Stato, An assoiation of state
ayericie. an evircnimeIt organization, and an individua I gC l
crmronti r suprortod Lhu Droposal Lu allow residencial -.BE waste to hO
disposed o± -n C&D :andtills. .Howovi, cone conmenters requested
clarificaions of she rule or preacrir' language or sugrested additions
tL uhe fule lanruage.

CL'tini-ino of ksidermial (sad -Mscd Paint Waste

-ne state comrrenter argued -hat the nrrpcscc u (Ofla nod a
ai g r F i car> flaw by i nlc or] Ldn chip , dust and sludges ±n the def ini ion
ot resid-en -a lead-bsed nanL a .;I, ' because EPA failed to take
into account :e rotential for slen-t, sv faae- ater or wind-borne
movemrr:t of lead paint ohips, dust, and si ndgms -- r-i5 rroe a C&D
landfill. The -ooenLwr -Lated tiat -he psaceinent of I 1-Jil dust,_ chi pa
and s Iudgjs 'n an. open onvi ronmarnt n i. e. , a landfill tha- does not
orovide for daily conver' over an extendsd peoi od of ule, a. 30
days, Fay allow a sionifluant rain or wind vt:nt to .r soort lead-
coita itin ng earial 0 ~s.L. The commenter

[Page 3649:]1

e jr sdkalmd that snidro iOterse rain events or winos above 20 to 25
miles per hour can transport le-d-crata-t irukg wastes off-site by surface
water or air currents. The ccmmenter nuggcjsood thai. r u r ing a i-ly
svovr or Apeoial packaging aL C&- la.dfills for the aove-r.encioned
wastes would miti-ate the oozenial for ade rca impact fron curt ace
wafer or ar transprt.

Hrca-s, starr rIatrrs of (-I landfIlls a-d I.2P waste handling
pr=czices serve to mItigate pn-.enrial imrpacs fron surface water or air
transuort, the Arencv does not believe that rsrj ornts for Cda 1y

Sr or :spo(:i al p'kajing a-e nred& on the federa level-. Surface
wa-.r transport ott-f i-.fy sudbisn inie rair- evers would constit-te

non-point source'' pollution urder rL C man Water AcL. To miLlate
:;otential surface eater ipacts, Csa landtiIs ei:st comply witb 10 CFR

9pwh 1(!e,1 that a -facility or practice shall not cause
non-point source pollutior toot violiat - egal requlrements
impeenting an areawide or otatewide war ri quad -yiariageret plan
approcvd by EPA under th Clan WPter Act-

an uroor m icato potor-. al w5aLet or air :ransoort, boon EPA arId
the U.S . Department of E7OusngT ana Urban (Vc-lopme-iL (E-D lave iscued
g i darce for T 9P waste ia-aemie-iL callin dir the containment of LA.
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Jr plrS. L wIet 8aaed Eia. -PA' z teduciz Lead Hazards When
Remodeiing Your Hme ' E2A24-K-9'.1-00 .1p://wwc1, c .gIC:,:1. / :aiih.

,cdt) and EPA's Model Renovacion -rainiig 'ourso E[-A 74E---A
-/5'iL~p: //twa epa. cv/oppt lit/i ad'rrm cel>-tm- both call for Eafe

and Ssu cI daposal. SalI and S cC dispuscl invulve pl c' l Lhe -BF
wastes in plastic 44-G mil ooly) bag, tht. arc sc~.-cd -1eJ d. HID

nodified the EPA traning course and devel iped -heir om r ai
program to serve the specific needs cf IUD's cons:ituents. The IUD

trainIn~g tOur St eiL±'ed ~~~AddrelS-In5 Lead-Dased Pa-it Hazards Durinq

Po, ov-, L ion, :Icc1ir a hd h ii a i if Federal LOwned a c
Assisted Ecrosing'' (also r errld to r 'The 3F Cours''

ihtt, / /ww.a *. /tr lead/tra -lu/ gV ccrac:.m f c: XT Disra"~er

was first delivered to remodeling and rehabilitation workers during IUD's

atoawsdG IrainiyiiJ iLa-liv i 2001-20D2. IIUTs trainiu reCO7ITIWnSdS

La L ,a to di spmsal f~ liF0'sarHP wAs o &, 1 orp 1 ih'd by means of plas c
baas- Orner EUD nrochurfs and docurentc - c ItriOf(d that LUE' wastes

be placed in plastic agqs for safe diosa.Ihse brochures include:

.cad atint-. Car. Pmi s 'm I - Your H'am-- ,- a k? '

( hr rpo: /' /aCW'Ki.i *C'0 .
1

vt -iet/lefldOuil.~ C:/ Cd il '- H. pn m~ . ~~isEi~
Lead Paint Safe:y-A FiEld Guide for Paintin, Home Maintenance, and

Renovac in Wojk ' '

* -~p ,A.' -:.Jd - p /1 OC/ e i Ii i il i rj.LB yg tide .Q.. ) -

Cait ion: Lead Paint Handle With Care
hr t p: //w . u . Cov/c f i ce /l e ad /cutrea-h/ z rde AYTOPR -.df

EXT DiSclai-le

S- tad hant r Carn I tn 'rcte"'ca YOY Fniili1y WhleIn You npi en
Remode_' ' -

(httr://ac Td.gov/offics/ lead urrack/ramdel t)r

AAJ also opera-.es the Lea-Posed :a in. Haa Cnn(r rant Lrogran

that has as its primary purPoe to reduce tae exposure or young
i dro't.. l -Had - baso. oa i n. ha - d i th'r i r hormes . The ptoyrari

provide grants tt Srnate and lOfol O<irrr.a r toI of tead
based paint hazards in privately awrned low irncame crner-cccuoied and
rental housig . Thisac praut arace desIgned to stimulate the devsluumint

at a trained and rertitied hazard ovalnac on and co:.rol industry.

Eraluaticn and hazard control wcrk under the progra- must he conducted
cy ith c r c.i r 5> wo ri c L I. i . 'ed and worker who ar -F. . 7r1(:n

through a State-accredited program or by con-.ractors trainec in lead-
sate wcrk prac-Icea in the cae of interim controls.

AM~tO'e:r as af MI(arch 1, 2I 00, 1-ac, sri jro-i-a within tk

UniCed States mus: e certified (or licensed) under an EPA authorizer
lea'. poraY' McaL of .hc FL are a ve deve~-oped and are ar-,i: LalrIng
such a program and ESA certities I tad s-r: prev-ders in crates that
do nct have their o*wn rorams . As of January 2003 3S Stat=s -ad EPA-
app 00CC ci S~atr 1ad pityrams i LAhat. at ively certify (.icensc) . ad
service pro'iaert.

EPA has also discusred b issue wita the Nat:ional Assaciacion z:

Deiniol I iion CiRa.oc (NA' . NIADC r - c::fi-rr.ed EPA'a uM eUeLendIng
r~th4. paLt i~S and ut- are ma nayd in p-asLic bays NAIDX es -cd Uh.a

head-bred dust i2 remrved with vacuurs with EEPA tiiter and tat the
vac: ma S aFrE eroverl anr: thor: tIe-d closed pricr to diatreal Paint

cnit pa I(,)I.. h ay ai On. ' plastiC ui l:-. Hre uuoJll1e.u i.r i

sh=et which is then -laced in a tied rplast:c hag.
As Lta -ed above, L e RE'A he? eves athat suffi rient g u-uiare..
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<_Lerature, :raining rSIU, EPA-a=provdcj state lead progra:78, and
urreno pwracLices exist so tnat hLher the >LJI> waste is in the tnr- or

chips, duoor, or s7 cuge it wi~.l e man-ped appropria...y (me.
cciitainnrent in plastic bats on site prim' Lu transport to :11spo)'a~ At

Tho disposal facility, tho COntaicr-.en: plastic Ser-ves cm
againme pot enia i.pacts of watr or wir( transport.

Additiona 'Ily, bhcse water or wind Lrarspor: are pmoblematic, Staten
have demonstrated '-hi r ability, even in the absence of a federat

rUirei-.ent, to impose ald tonal reqntrirmnt for weekly, oulhlv, or
8a-ly cover as necessary -1 2Ontro. par-lCulate re.eases. -Ao t-o
the 19b report, '~Corrtruction arD -emDlirion Waste Landfills, '4
States requiirc on-cle C&D units to provide dailyv nover, while
States requiiro daily cover a: oft-siy CimD units- asod u11 these C&D

aior~. features and [lHP wat-e handlig rawtices, the Agrscy does rot
bs.ieve it is necessary to impose on th" fe&dral level a r~cn qlireimnt
for daily cover at CLD Landfill s re eiving kP w sce.

-wo in-ustry asoation commente sta-ed -hat ed-hased paint
architectural debris gcner-ated from al. strnctures, mommercial ar.d
ndustrial, as well as, rcoside ntiaL car safely be disposed OF in COD

lar-d Fiille (i.e., Subtitle U fa'o j ities . I Goimeritersi dissgrnnd ait
the Agency's staoeent Ln the priamble that demolition and
deconstruction waste -a rot similar .o iu.ehold was-.c:. Tl commenerr
believe that LP? Tn-tertal -an_ed by tho deinolition industry in

cOsmarOia I and industrial stru-tres is no moro dangerous to public
health ant t efle envrronment than ehif LfEDP appears in a residertial
structure-

The Acency wishes to c-larify that -ca y' rule is an ou-.orowth o
the July 31, 2000 Memorancum 6'l-irs that iaste generated as a OsulL
of LB1> arm v ii Lies n nomes and olmhncr residencL-. fal.s within the
exclusion tor '-Touehsld waste'' i n '10 CFR 261'4 ( ) ) . (See 66 R
335692) The scope of this 'ule--aking CocernE only residenie'l lead-
hase) painL wastes and not Jead-besed paint wastes from commerci a] and
irdustriA1 sL]ELuctures because Iand-based rafnt -aFLa Irom commerrial
and industrial scLuues does no-. fal' within she rx&&uoion for

household waste' ' in if CFR 261.4 (hi ) or The detinitior of
noii ac:- a.d waste' ' in 40 A'' 25-.W 2 Thus, ri3dnial L.P was-C

would oreerwi on ho hazardous waste suh 2 ect to the hazardus waste
nanacement requirmnrt.e :if Sutitle C oF RCRA can ne ma nagmrd under

Sher' 1.1 e D of RCD. Time nurpnose of this rAlcmaking is t expand
Subt i-lo i d i 55pal notions tor 1. 1iis parsinul ar hiouehld waste, hi',
without today's ruT cmo')d only he dis;:ced of in murirn-cpal solid waste

an-d f -ill a uur.uant to 40 CPf pa r: 258.
_me JuAly 3~1, 2000 Memorandum di] no-: attect thu regulao' s-atls

of

r 'Page .64 1] J

n-residential L-?P wrst, such as that gemrated durinq thc abLemrent
or rnovasm. h an7 remodelin of a conrercial buioding. "IbousehojI

'waote' is c-i'i red as -- any 'tev 'U !includirg garbage, trash and
sanitary waste in _cpt anks)' dr~ivd from hcusehcidc [lue-uding
m ngls and mulziple re'idenc , hotels and zcLe-., bunkhouses, 'anger

ratoims. crew ruarters, ca Lg0'ide pi-ni 'rounds and day-use
recreation areas) ,' ' EIiph as s add ,7i(

T:e Aency recognivmos Ihat n ali >read-based paint wasle, whether
r:msidenLia, commercial, or industrial Sot tee, is 'harardoms

waste' ' which m .( rie -aged under ?CRA SubtisLe C. An, LB? waute ona-

F-9



DOE/RL-2014-43, REV. 0

is not hazardous wasLte an ot safe I y disposed ot in a Subtitle D

iaidfi~..1, inzliing a C&D waste landfIll.
este raI cimnmenters rated that the prowoced x tias not

sutticiently clear as to the dicszinc et ons between those LBP activiites
that generate waste thatL would qua-ity as ren iden-ma~ LBP was8e'

ahatemonil, rc-aiLi-ar-ion, renovatirn, anid remao'I ng'') and

7hs shar wou-d not fall within t1, ti -v tI e O uf r TIl c e g.

S-alition and deconstrusion' ') Ono of the se c:ommnters stated Lhat
the regu~ated community migh. n iocliov th there is some deconsturuction
or demolition occurrin whloen r you perform rehabili-a-icu,
renovation, remIdlnc, rnd perhaps to sone extent abatereit. T Ihe

sommcnse~r suggester tat the focus zE the final rulc he on wa=te type
arc6 nert on waste ac ivity,

:ne Agency distinquLics oiraITHaion ar.e deconstruction activitics
from axatement, rehabi I tLaion, ranova-cn, and remodelin4 Dn Lh" basis

that derol it-ion and dcnrtruct-on resut in the einiriiadion ot the
e rintial structure. while :Ie residential stuctutre remains where

the other listed acti~vitie. are conuccted. ITh proposed definition of
residential Iead based paint waste does not include residt.jal
demolition and Gecontruction activities. The pr(.pcsed definirion was

i i Led to -,BP waste that would be aobje-t to S-btite C of ROPA.
exceoc tHat it is included within the household waste exclusiun in 40

CFR 26~_.4 (b) (-J, ,ie Agetr:c' nas applied two criteria to derine the
CijA of the rxcluason: , -) The waste iitiL n gLr ratd >'y' iind-_viduals

.n the premises a: a househti r, and the caste mus: be composed
prirarily of interias toimh Jn the wastes generated by consumers ir

ir jo-cs ('15 h-e 449-- and G2 ? 70241) -1i the rase of LA' wastes,
we lHve dtermined -hat demolation and decoci 1-ant : ion, whi ca result it:

rho elimination of the househfire srrmre, ar nitside the scope oF
the htztehoLd waste. exco JiCor and rheretore are not included in E.hO

defiriit i or oF - -rsiaential -D carte.' Alhooh rjclinion activ-ties
and rc-novatisn activities may pf-oduce soon of -he same types of was1.,
tae waste type is not a rFctor for consideration under 40 C7R

261, i l . a nd t Drefore, today's linal rule on'I ±rs to read as
pr-pq(ed. The Agency wants to mniake it cleau Lhai C, rnstriction and

aens.i-cn waster c-sa core-inon to be placed in coisrruct-c:1 and
e--.oii o- w-,;F landtillc provided that these ty Y o'.- stos ic no:

X in ir'e roxici:y cr any oter c-arcIe- i i ci ., are not a
hazardou waste)

One coIrni.r wan specifically concerced that L propoied

detiriti n ot residential lead based anu wa.-. ccld create con oilr.

about the sros of arnivities thtat are concidered d basod paint

acL.. i vi -if' ' ndar the xic ubstanceE ContLrol Ac1. 'C - The

proposed residential -,5,P delinites stares that L.D activit ic inelude
abatemeL, r re-i~ tation, renovation. and remodelng. -egUliions

p mu~ilgted under SCA define Lead -ascd int a;-:riviiel nmear

-ead inrspection, risk sese-nt. and abaterrent in the P5- F (1 target
most pje-1978) hoi si.ng :see 40 CFR 743.223 . RenovalJor remde.ig,
art rohabibliration are not ronsidered <eaL: Esed paint ai ities nr:

'lirle X The ro.menrer we soneernod that tre Acency was tr-yi:1 tO
chanqe Lhe 6c0pe of 1h < ShA regulaion under the prrp'scd lOtA
reguIaiAOn. The commer.er suggesLed Lhat Lthe pa La- aed pint

ac:tv-.ties be deleted anr -cal aje w th the oboase Tactvities Lhnt
d-.stur1 lead-ba e: u i r .'.

ThE Agnec' did not in-:id or projp.ise to chang. itoh scope of the
At re-larttn in t ie or(iher 2t I proposal.lowever, to erimirsIe any

potent. I nor Furoin. thc! Aqency has decided to ohingo .te tetinition of
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it at l e 1 .RP * L el to el icinai- .he words load based ciint
activities.'' The definition of resoientiel LBP wastes includ1 -n
oday's final rule does not u the -erm Cad-based pain
aCtivi.ies, '' This definition is cc follows: 'Residorntial -lead-based

paint wacto means casts containing 1ead-bae5 pain-, which is generated
as a result ot activities such aE abatemenL, reabilitaticn, renovarn

nd remrrode nq in hcmes and stohot residences -Th term residential
lrid-baeed paint waste includes, out is not himir.ed lead-based
ai nrt d ]ris, chips, is t, and suIges.

Def-nirion Ot fonstricon and Deolition Waste Landfill

A trade asooiation cmnient ._r ob-jected to the proposed definition
or ''CCaSrtUUlOn and demolition wasLe landli' hcItecause the propcsed

rulo wcild d nine a C&D waste landf ill as one that dons n(L. receive
indus7riai wastr, '' as cefineci n section 2582. The ccmmnioner

ozmected because the defin i in am proposd could preclude a COD
11dill chat rece-ves inciu-rrri al as:e in tc forni of marfac-urer'r,
* off spe, ' rejiected, or damaged contrucrion mater -1 ' I- um

acceptint re doridntial lead-based paint waste. Thus faD Land-I is in
that -ate would have rc choose between rocidonA a1 LEP waste or of-

*e C auaed, or re4ected conslructaon materia I s, tL root boto.
In 1he p roTosed defiroition if 20rsj:rction arnc dioo- 'twn waste

landtiil, the AgcV orci r ha- C&D waste landfills were not e-ijibls
to receive - ind-.icria1 soTId wastes a; cef Incd in 40 CFR 25 .2.'' the

de F iniimn of -industrial so I t d waste ' n sooro:)on ?5B . 2 covers
Wa Stit itsCCr..i i firm ' partic .ilar -ianufact-uring or i Lra~

prcassos in dcfi-i: CI&D landi:.I I, the Agency was can&ror abrut
C&D waste landtill sr -m iig wastes gororaied by manufacruring or
industrial proce seo and, as suchwrote _ o deil-ition to exclude couch
;acm.es. t practice, indsrtria- process wastes are t-ypi ally managed

on-srte, or n 1i ted cases. sent of SiLe to privae,/comwlrcial
industrial waste t-aci- - . :-ndustria I p ro" s pastes shoud not ciiC

Kc.eived for disposal at a C)s waste lan-ti II To c Omrenter wa
05CC c aoro Lhat off -spe*: const reiC c i 4i( products (n to- i -- et S or

saingles) wCo UId rot be -howed -n a f&D vast la..dfill bncmiuso of toe

preposed definition. -cwuvor, the Agency viiw- ~ 0 ff-bpec, I' reject i,
or jamiued construction materiel a-3 virmual i d nts 1 in nature to
the type of waste Lhao is aparopriatr:1ly receive at a C&D WasLe
landfill antd are not - riceusLrial solid Iaste- ' as defined at 4o 'Ul

;a,2. bi'ause the definition o'- ainuEtral solid waste coes not
explicitly incl.lde uatcialc that do noreeL manufac-ures'
specifications, are * a-:agc2 or rejected for use, EPA believes tha-

fduosLas ' in the for. Of F1i.Facturer's re-'afed,
cr Smig9d crons 'ction materias car be appropriately pacod in a C&D

.andfill. In additon, 'hr Ae_4ency exnerR .aL States would exorcisc
jtdgmeiL in what is considerod 'irdustrial watos.- Tiis, EPA believes

that Jte I ir Lion in today's tire -ule accommodate;J di:osal of
unused construc-:co Siderias hat oo nc. meet

[ lPage 35s2]]

-narotacturers' spc-i -icaLionis, are caigod or rejected for une.
ioit.her commenter stat- IhaL the detiniri n o C&D landfill af

rcoosod o-ould be anterpreted to :.ur that condittiona 1 1v ixemur small
c-uantity n-gencratcr wa L cotuld be acccct:? in a 40 CFR par- 2,7 ' mart

A r~anT
it'. The commrenter suggjsI d a wcrro--c change I.o eliminate wis
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coesible misin:errreta:ion.
EPA dows not intend Lha' a C&D landfill be alIowed to receive

::id i t. oral] Cxeipt. rm 1 qun;i.y goneraLo waste if the C&D
andtil_ meee= the requirements of 40 CFR -oort 2,; Subrte A, but does

not meet the requirerents of -art 257, suitrart B. :heretoree the Acency

Las chanced CLe dafiniLion of C&D 'easce landfill co eliminate any

porcu:si confusion, -ie definirivAn has OC::n C'ajlgey L daC I chat.
condhtiera byI exempr small rpjantitv gnrrat r wasb.ca car only br
dispced of in a C&D landfill that reets the reqiiremnts nf 40 CPR
part 257, Subpart B.

F fot. on S.a~. I'rccrains

The state association commenter indicated chat it is imrortant that
EPA be explic-it that states are not reqguired to amend their prorrams to

rincupocaLe Loday' a ruin hvwvvr Lhw coimrenter also supcested 71ngUaq
-i i mure States char. their nrior aonveyrd prog rams leiy nL be

reopened regardless of whether they adopt today' rulc t- n nr. EPA
agreeB wirh the comrrimerit and has revised the ianguage in Section V. of
Loday , urealble C maie Lb S clear

Lead-Contaminated Soils

lastly, a commotor stated thatK tA had liiced a golden opp cLtlun i ty
to allow Iead-concazisnated soils to e manoer ci1illy a A (1 rq0ste
chat EPA -.Cve exoeditiousl y to craft a rule to allow Lad-conoarinated

so I I 5 Lo :c d ispcosmd 0F ir. Cl) a .d mni ipal solid waste ~a-dfills. Th..

*ommentor claimed rha- thediaposa c F1ad ijnLili:a Lols i C&D
landfill and municipa-. solid waste anoills is enviror.mrnrally sacer
than x-s the disposal of lead-based paint debris- The commerter also

arg tol th o ca-st or mnag ir those so l-- Lhat fail Lhe TCLP urjde>
tne RCRA hazardous waste requirements discuaqgcs s I Iead abatemen:
from residences. As discussed previously, today'c =ulemakonq is Limited

0 p rOy i I9;10 C&AI -and-rl di spuma1 oli on for residential le ad-
based naint wasre adaressed in the July A.. Lb0.( ' rmr-anum . [04

cor-aminated soils were nor included in the -uly ;1, 2000 lercrandunm,
Clthir ePA i5 nct arirosi -g di spal l lead -c n ainabed soils a L "J's
time,.

%S'.li>.r21 ' F Fi ia1 Si±1 0 CThanioC

ii -i nIal ul wi-1 c xj: realy allow rasidemtial lead-based pa, riL.

wacre to be disposed oi in enitdcccn and riomol i Ciori was-C londib

by clearly statinc theL _ostruccio-I and demolition landtilL
ac(pC 7L rcsident litJ based paint wa-3te, and nu cther household

waste, is noc a muncioal solid waste inot:> Jmit. Teda ' actron
does rlo prevent a mu- icipal solid saEre aMdfill from continuing to

re(:0i C reiPidenir iiI d baeicd S .ialnt waste. Two minor charges were.i d

tr tne final reglatoy largace cased or comments nnci cd on the
proposal. Today s final rule was mod'fied to renove 'LB -vitie'

to !u cChA -mi l I - C I i v Ies that diaurd~_- 1BP ' The deficniLion o
conecrruction and deT:.olii n was-. lanf l was clan: ad to (.i mi raTe any
ccnfusion so that -all -unntity generatcr waste can on-y be disposed

or ill aC il i t.Li AC .IC r equtrenmeri of '0 CMR par: 257,

:pdrch.- B.

0L. thir Applicnuble Fderul,' Msc, Tr~ibl, and Tuc.:l Pequiram-e-iI.e
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Today'i final rule would not alter Lhe auchority of State, Local
6ird Tribal toveniment to regulate thi waste mcr9e strincertly than does
EPA. Osnrators of rosidcen.Jal 13P wasre should conaCct the atioprJpriaLe
State environrten-aL agencis o etermine ii there are addition7 or
more stringen.: disposal requiremni-s [or recidential LBP waste. ALso,
gcnc!ra.crs arc sabiji. Lo auplicable -1'.D and/ar TSCA Legu-1t7tiolno when
odd rosino resiodntial LEE hazards-

V. How Will States and Tribes Inplemen-r This Final Rule?

?.ecause today's F-ina ru~.e is loss szigenL. hail existingr federal
(:iOril, tLaLes are niot reqnuzred co amnd flit iir permit programs whicn

have boen dedte: ned -o bit adicquate under 40 CPR p vt 225. SLaLea have
rhe opnion of amending statitory or regula-.ory definitions pursuant. La
tolay's final rule. If a srate nsee to amend its permit program
puceuanL to today'a action, the State would be required to r-ctify the
Regional Adoiuietrato af the modiicatin as grovided bv 40 CFR
239.12. Sether a Sta choses Lo incorporate today's rote int.0 uts
srlid waste program has Ssatutnry and Executive Order Reviews no effect
on aLa axiatrig status with respect torPA approval, i.e., State
reav1iens wi1 nec opon presausly approveri solid waste eroyrars for
Federal review-

:oday's amendments are directly applicable to landilms in States
without an approved rermir progrim urder part 239 and in :ndian

uncr~rvy, So nciruC Tibes to adopt -oday- ali into 'heir programs
to promo-e l;ad-I-s]d ai - , ,at erent activities in home and ao,
residencen in ondiar Cuntry.

V-. Does This Final Rule Comply tb Apfli.cAle Etacutee and
Exern-ivo Orders?

S Latutory and Execu-ive Order Sevi ci

A. F2cutive Ir5er I 29; tegulatory Planning anr ic.
7roer Executive Order 12,F6, EFPA must deter-mine whether a

(cgu]ator y ao-.mir is significant arid tWhrcfore -ruject to Office of
Mana relen Ia a audg. (015) review and th or hr pri o Jsi ons of the
3xecutive Order. The Order definer a sinificant aeguloory nction as
une that -s likely to result in a il, that may: -1' Have an anrnua
azt7at or. -ho cor ayTo: of 5100 million or mo -, coc, reel y affect in a

maceril ray _he econcuy, a mecca: of the economy, prsductivty,
cmieLiL ion, -jobs, the environmen., poblic hcalLh or safety, rr State,
loca , or 1-.riha 0CrrientI.e or ccmnunitija; (2: catn 5 seA or
i ncanEistency or otnPrwise :n-.-fere with an action takenr or p.1r r-j by
another agency- (3) r.aterially a ton Lhrcbudnetary imract 0t

n itiamer is, g ra a, user fees, or loan porgrams nr. iuhL a and
rolications or mci onus theaf; or (4) raise novel g-ral a: po-licy
issues arising out of leqa_ mandates, the President': prioriti c, or

e r L se forth in Execurti vsr order 12865 .
ir llaf dter 'ied that his rile i s nor a a

regulatory ac=imn' ' undor the t crmu of Execur-ve Orar l2eiy and i5

Urerefcre not subect to GY revGiM.

'ia s ocr otmed a full eccnomic analvsiT, a. sonomil Analytis ot
EPA s sinaI tile Arrendijicg'1( fP parts 251 and 955, which is
available in toe docket tor today a ruls . The Econo-Pic Anaival
ccn' -t:d le th Lii a ole will impose no aldi :.re o1 sts to parties,

F-1 3



DOE/RL-2014-43, REV. 0

Annini r~rate: nubclros with Lde firal rale an exp.anatioi why that

a.te rnaiovC was not adoptei. nefO EPA est blIShC. any recjulat. ry

req Iireer -s thc it may 3 LQ i tican Li y or onique~y ffeeL smaL7

covernuonts, j rcluding tribal g:ver-iriiltZ, it rmist Lave cevotoped undi:

Sectioni 203 of the UYRA a srrial ' govorniment qcency plan. -he pani must

provide fr notify4 ng p.r--n-ialy atfected small governiiifnttr onabl~n

o:--ials of affrncted sitnaLi governmeart3s to have tea-Ilgti and :ini y

suput in the developmonrt of EP? regul9tor- wropocale with saignirie it

Hederal inerqflvernmntal mrtdanes, and info-mitnq, cducatirg, a-d

edvi sic r.al I roverrments on cormnuance ith the rogulatoy

reuit, c-merit .

[Page 3(7-9411

Today 's Fi na. xt'li c-nta ina no Hederal mandate- (uerd t-he

regulatorY provia ilons of Title -2 ft the u4R for 2za-_, Local, or

trIbaL qovernme-irlc or Lhn privatce secLor. This inal 11le does not

I -npose any enfoirceabic duty or any SULaOe, ~ccal or tribal qoiernmeSnto

or roe privati rectOr. Thus, today's :rnc_ rule noct eab')ject o the

requi remerlts af sections -2 and :I of U~-A

E. xecutive Order 1323J" Federa'is
Exrcut-ue Order -A122, entitles - Federalo'' (E14 7, 1,2SS, August

10, 199) ,c-uarev -AD to devw op an accountable process to ensure

ningr i I and t-tely i flout by -tate and Iocai ofi:c a s ir the

drvtloiment of regulatory polic i s tha . nave Fenera -;r impal i catioisa

ciiici. tha have i-Iderali imp-_ janIcns' idcei.ined in the Executive

C-rder to irct Lde rgulations tha- have -- 'suhbs:1-ti-al di roct 7f FectL on

the o-otes, en Te rehoat nfhir etweer the nat.ional yoverncirnt and .he

Sates. or on -he distriutiri of pywer and tesoonsjbii-iAs omong -he

various Levels ot gcvernmen.'
ThiE fiinat ril, does not havc teder:Lrism ipicaTion -t will -rot

hee- zsubtantaL1 dtrecet fer.S on the State e, on ottc relaY i onship

botween the rbe ional gevernrret and the Stolt.s oi on the di ntriblrtir.

of poser eCan respisibi- i t.ies amonig 7:he various -cvels Ct gove rrent

as 0 3nfecifit in 5xecu-ivc Ordei -2132. As explaIned iin Sectior r. of

thi ipr emble tone oF today's proposed revjaits are more erinoer or

oroadin the scope or- the "xtin- ?ederal requirj:ments. Therefore,

Statto arto not roquired tu adopt. the r1:sor to the ierirai in of

lShLF unit nor the -dditirici cefili io of conetruccon and

ce-no ition (C&DY 19ndfill ad rei dential .ead-bsined p'nt wasLe in

today's ile. Thi. Ex utiv. order 1 :32 ndes no: app-y to thir )nal

F. Wxecut vn Ordi K_75 ,onaul nation ond CooriC-lnatioin Pith I rtIicin

Eit ift e Order ".3175, rot it-_ r Corulzation and ioristir

-ir - ndan Tr i a Go'err rents' (59 Tp .2j, N9vemb r 22 i

''o c £ PA r. dcv'-' .E ai:counta& 1 p o ss to cnur sningtul

aj t ,el irput by trib&- ettisials ir Im developmer ir r laory

pr- icE .ha- lnc, trib-it impliication' ae tinal uet d.ecr no: have

I a bal Ji ica i ons .s pifled in F/itivS (rder P '7 It i no:

hove subOtaitial di rev:-f "tcr' i r rial gover.nots, )- toe

relationch iip bei.Aen the 'deir g 1ove-iniCt adi::Lize trne e, or of

the ai. ribitiort ot io.-r and rosprns hilities betweun toe Federel

gover-'.en: end ndiar troi . a rcified in Executtve Order I75-

Today o f. I r-ul would expare iy provide an tdditione optiel to:

c spree1 of cc Lair_ cate p-licab e in Tnd:an Coutry hur would not

creale eany andat o n IrI n tFri~. qoverru-ents. Thus. Fxnruv Crderr
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-3175 does roL apply ro this ruT .
G. Exocucove Ordr 13045: Protectior *if Chil(6 en From Erivrorreni.a~

Risis and Safety Risks
Executiv! Order 13.045, ''Protecton cf Choldrcr from Rnvironmental

Fiath Risks ard Safety Risk s' applies to any rule that: (J) I-s
derY-aied to be -. economica11y significant aH defir-ed under
Execurivo Order 12800, and (2) concerns an ervironrmenta[ health or
safety ris-k that 21: has reason to heiiOve may have a di-sprOportionatce
f ffect on childien. I 1 h regul1 a try ac-i- mei-s c - crteria, the
Agency must ovaluate rho C vironmractal halth or safety etr OLe of ohs
planicod rue or c-'-_drern and explain ,hy the plannee reulaton is
preferable to other putent-iall effec:;ive and rrasconLy iesie
alterna-sver considered by tic iAgency.

~"hin final mUe is riot oubject to Executive Order 123O4 because i-.
Is -ot an economically s.Lnificart rmulE as defined by Ex cutive Order

12P60, However, Lhis rule w, .11atcL decisai . invnlvi - ae
envirenmtotaJl heal th cr satat riEks to child-urr In tac t, it wi,-
benefit oh i idren by allowing Cfvironmer' i. lyprolective 6.:sposal of
residen-Ial lead-hasec paInt waste. in C&M) landfills. which less

coeL' than dispusal in M-51ThFs in certain armas of ::" U.S. therefore
reducino Lhe cost of lead abauements. leducing the cost o L EP
abatements wi-ll al so reduce the amount of _'-re r c Oed )coi plete
a eatemento in pub- hin- Iiciiq . Lower abatomer- coats cay inereace the

aror. ef nr 'ioc. homles untergoirn abateorenti.3-y rediucin~q costs
associa-ted witn the disporal of LE waste, the Agency believes that the
number of abaMeyents ma marg:- ally :ncrease, thui remil tiny in a
reductoon o the rumber oF child en exposed to L:!.

14. ;ocuti-ve Cider 12211- Actions That Sigrficarityv Affect Rio rqy
Suopv, fDistribati Lci, o: Uc

This proposed li e is nor u sigrii cant enery action' ' as
J ine d in k4 outive )Yder :2.21 -Act- ins Conccroing Regi 1 ations That

Signican--ly Affect Enercy Supply, Distribution, or U!& ' e 6 F. 2E255
4ra- 2 200:) b cause it oril-a t. have a siynificcn: adverse e0-fec
on the supply, dis.ribution, or uEe of energy

V 3 tinj I'ec:-;no-ccy ,zansr.r a-id Advancemert Ai7L of :9
e ccion :2 (d) of -ne National Techrologv Transfer and Adva cnce-ent

Act of 1955 (L'7AA, Pub L. 1-113 Fec. 12!d) (15 U..C. 272 nornc!
corec-s .1us use v7 , rit ary Cflflensua slandards -ii our regulatory

ac:-vi.Lies unLese to O so Cwould be incorsisteno with apnlicable la or
otherwi Se irpracti i cal oi tary corsensu st'ards are technical

ts.andards (for exanp e, imateri-a1s : scj t fications, Lest methods,
sampli ny proeeduce, and besiness practices) that are developed or

adour.cd by voluntar':y consensus stardards bodiCs. The NIr-- directs EPA
1.0 provide COnqre os, tbrouoh *l, exp -- ations uter we c ide rnot o

isc -vailabe and acpliable vointary co r-ensus sddrds Today's
-fna rile does noL involve cechnical Btandar-os, VoUltL-i or
otherwise- T'erefoz-r, Lhe NTTAA does r-ot apply to Loday'; Rinal rile.
.I Execu-ive Order 12Ht'; Federal Action To Address Justic! in' Minority
Popl atiens and I c'-Incom Populations

Untie' Executi. Crder 12'5, ' ?'tdera. Actions to
,ivironmerI-al Justicc in [1inori t> Popula'ions arc Low- eu- a

Populaei-ns' - c well as through EPA's April 1995, -- Ervir nmo-ital
Justi :Sto-atecy, OSi En ronnental Just-i co Task o cT c -on A tenda

-leport, ' and the National Envirunmental Justice Advisory Council, RPA
has underta-ke- to oncerpcrate Onveronnenlal justice einto La u'lic
and pogra-s. EPA is commi tied to addressin. en-ironmonial lua.ice
ccncerna, and is as urriinq a - cade rsbin role in er;virorn ni -us oc
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Broc 68 2 )e [-i-i i0r5s

Constru ctJon and dem [Ltion 7 C&D- landfill means a solid waste
di sposal fa Cii .v sulc - .. tic ho r(cuireients ir pact 257. subpart A

or B of hlis chapter that receives cnnstircIoC-I arA -Cliin wasto

and aoes nct receive nazarious waste (detZinc: in Se 6.'261 . of this
chau-ert or indusccrial solid waste (defined in Sec. 2![.2 ct this

uhauTerl . Only a C&D .aindfill Lhac meets the requirements _c 40 CFR
pe U.-25, subpsr et my rhcci so orjdi 'nnally exempt small auantty

enerarcr wast (defin-d in Sec 26:1 o Lhc Chater) . A C&0

2andtilL typicaJLiy receives any one or core of nfc P~illow ng typos of
solid wastes: roadwork naterial, excavated material, democition waste,
cotructior./ renovation weste, and site clearance waste.

M-nicipai sob-id waste landfill 145 ' .F> L ears a di cro eroc
of Land or an excavation :-ha: receives hoosoTod was-., and that is not

a 15! aciication niLU, su.:&ce impoundment, injecion well, or wasce
, aS Lh~os Leous arc dc1red undar Sec. 257.2 of ti:.s chapter. A

V(S'i-~' unit also may receive other .yos of CI-A SUbtI 1.1 a waices, such
wnS conercial stlid waste, noihazardous sludge, ccnditionally exerpt

,c-ll curaL ity ueiieraLtoI.w'-Le acid i-ndustrial solid waste. Such a
candfil cay bo public Iy or pcivatclv owned . A M1SWVF c.ciiL may be a nclw

'1SPLF unitr, an existing MSWLF unit oc a I a t a s 1 xps n . A
ronstrucczoln and demolition landfiil tha: recesves residen-ial lead-
base L p-i n. was e and does not reseive an otrer household waSte is r'oL
a 1101 , unit -

Residertial lead-based paint waste -eans wate containing lead-
sased psini-., wh oh igc%: iatcdc ,a a reisul of a o Lies such as

abatement. rehabilitasion, renovation od rc:mode inc in homs and ctier
residences. The term residential lead-hoased paznt waste incwide., hut

S-iIL 1 i r- id Lu, lcad bas painL debris. cL-.pe , dus , arid sludqs.
P * * * I

i_/i ito0. u3 nss3s -'iled S 1/ 02; 8:45 awl
diL.NC C01DE u6c -u-
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http: //www.epa.gov/osw/hazard/tsd/lead/faq
.htm

Questions About the Disposal of Lead-
Contaminated Items

1. Vv I the app roIrIate discosal meLt I' tCha hc JehL I d (:nre:.Jr s
rhoud use fo: their lead-curlart nited mildri prcicts

2. If cOsumners have iuirnerous lead-contalminated toys ,o: diso 3al,
WOuIo i s tracnd eifqrtlv than a :ousenoid that hac onlv oie

3. What is the aopreur ate d r-sa. rnErhd for aparmen: coniplex45
hotels, militarv oases and hospital facilities?

4. [low haoutd retailers rmana3e th icems they 'ave in inventors if
Lhe uecide orn risnesa? Retailers may have tCnle of tliousarids Lof
ilemT) in nventqjy.

5. %holde rctaileys 'or marufar er;) Tre rrslnlr-r-Jrncd
mierchandise differenfly than inventoried arducts?

6. Does EPA require bestinr to deternine wvhether a '.vadsLe is
laa rdoues ?

7. Wht test method does the EPA rEscorrr'ienr o rte"inrs so
determine whether th eir rnventnry is harardecs A-r'_-: re certifed

ooato'ie s LIat an cond Uct thcse :ests?
3. W'ie carn retailers gt a cDCp ot she test meL.od?

9. W'hat ccnate-ion of lead li ar; item rr-ker;it a -iarardojs
w'astc"Y

tl. 7s-ere a -ortadierscn at (-PA that can offer ieta'lers s-idarce cn
diposal i tiheir ri'v.entory ic rift.crn-incr to be I az:rdOLus'

1. What is the appropriate disposal method that household consumers should use for their
lead-contaminated childrer's products?

FPRA' regulations state that wastes from households (i.e., garhage and trash) are not regulated as
hacardous waste under RC-RA. Household waste incldes waste derived from single and muktiprc

residences, hotels and motels, bunkhouses, ranYer stations, crew quarters, campgrounds, picnic
grounds, ar] Clay-nse rcreatinal areas (see 40 CFR 274Jb-). 'herefrCe, sorsurmers that qUaIFfy
as a household may d"spose of their imid-rntarinated toys in the same manner that they dscard

ordinary household trash, Sonie states, however, rol8y have more restrictive requirements, and
localities rmay enc)Jraqe consumers to dispose of such iten's in household ha7ardous waste collection
events (typfca!ly sponsored Ly the locl gove re rnmn),; consumers should consuLt their iate aic 1;alI
griver"mnCt 'or more inform otio-n.
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2. If consumers have numerous lead-contaminated toys for disposal, would this le treated
differently than a household that had only one or two?

No, EPA's regiations provide tHr wastes from households are not reguiated as hazardous, and there
are no limitations on the quartity of the wastes However, consumers shoul consLilt their state or
local government as some stases or localites have morr restrictive rcqLlirernen.

3 What is the appropriate disposal method for apartment complexes, hotels, military bases

and hospital facilities

-PA's regulations provide that wastes From sirge and multiple residences, htes, motels,

bunkhouses, crew quarters, ranger stations, campgrounds, picnic gicrid-d arid day-urre recreatnral

areas a-e considered househo d wastes and are not reguflaten as hazardous urder the federal RCRA
hazardous waste regLlatics (see idC CFR 26tA(b)(1). Waste itrns generated from military base
hnusing tuits would also be exempt. p'ovided it was noL mixed with olher wastes geIerate or ase.

hese Facilities may Lherefore disprMi of the wastc leec-contaminated toys in the sare manner that
they discarc other trasn or garoaqe.

Hospitala arid oLher non-resicential hulrings arc not considered gererators of household wvasres. They

ri- subject to the same disoosa' req ji:errenits ti aipply to retailers, which a r described in the
ariswer to qucHeor #z below. l.ead-contaminated items gererated from ffices. doy core certers, and

other buildings also would not be curisidered as coming from a household ond thus would not be an
exmcpted hoischolc waste-

Tz> cr -:cc

4. How should retailers manage the items they have ir inventory if they decide on disposal?

Retailers may have tens of thousands of items in inventory.

C Ice a retailer decide 70 d.Ncard the items, they mrust: 1) determi ne whethe, the items are

hazardous waste (see 10 Ci-F 262.10 and qruestiorc ao ber and, if they are hazardous: 2) the

reLailer rmust Cterrniae Its status as a g Cerator because the generator req uirernriits vary dependinr

on the total quantity of hazardous wasLe generater.

The retailer deerrrnine; it genereter Ftawu by calculotine how much totac hazardous waste ue or sie
goncretes in a caeendar month ri CR 262.l:Fb arid 21 ). If thE reraler gonerates 3cs than 100

q Ur hazHdOUs waste (these pi-noducs plus any other hazardous waste generated on s[Le) Lheri the

rota ler woul ce classiFed as a Cond tiic illy Ewem Ti 7t Sr-n, Q:i rntit-y Gnerac-- (f.-FQC:. A -rtaile
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vio generates between a 100 kg and 1000 kg of narartous wasre in a calendar month would b

c!assified as a Sr-a I OLanti-v Cenerctm CG. while a retai t er who generates more than 1000 kg of

h;zados waste in a s ngle calordar month is classified as a Lame OuarLiLv GenEIaLor (LQ'G.

CESQGs have rriinirnal requirements under EPA's hazardous 'aste regulations (40 CFR 261.5) and
may d i5pose of these items in non-hazardous waste facilities, IttIough disposal rust be ii State

approved faci:ities. Some states have additional requirements for CESQGs beyond the federad

minimum, so retailers should always consult their state nazaidcojs waste acenc- for complete

informatiin -i applicable requirernents.

Both SQGs and LQGs are subject to more comerehensive hazarcous waste requirements under 52A's

hazarrous waste- -egulations (40 C&R 262 - 270), ant uldmately its disposal in regulated hazardous

waste disiosai faci ities. The reqirerfflents for SQ s arc s miar, but iess stringent than those for

LQGs. Both SQGs and LQGs may be required Lo:

* Goan an EPA identification fLnlber (A C CFR 22 2);
* Prepare the hazardous waste for shiprent (package, label, mark,

placard) (40_CF 26).30 - 2WJ3);
+ Marifest the hazardous waste for shitment to a hazardous wasce

treatment.. storage, disposal, or recyding facilty (L CFR 262.20 -

262.23, 262. £2);
* Manage the hazardous waste on site in an environrnentally sound

manner f40_ OFR 262.34);
* Keep records and/er submit reports (40 CFR 262.10 202 1 L;
* Ensure the hazardous waste moots treatment standards before land

disposal (40 C~R 26B); and
* Comply with the hazrdvus waste export and import requirerrients,

when necessa'ry (4, 0FF 26.2 iho it F- and Sb. hui rt F).

ihe rrtailor should also contact its state -ardois waste aoencv tor nore intorniaton on

rnanaqernient and cornpiarIce in to state, herss some states may have their own more stringent or

differert regulations ocvern-ng hazareous waste.

5. Should retailers (or manufacturers) treat consumer-returned merchandise differently

than inventoried products?

Gererally, retailers may d isoese of items -eturned rroni ccnsuTiers iar d those &orn inventoried stock
r thcr soparatoly or tegothei-. A -ota Ior wo chooscs to handle thern separately may take advantage

eF Lhe household liHaza-dCuS wasle exclusion -r te 'teS returned from househnds. -ho invrtorlnd
stock must be rmanaged as described in the response to queslien ;a. Because only itemS generated in

a hischold (as dofnod in 42 4FF 1 .4 ( )) are eligible for the household hazardous waste

exclusion, the :eLaiier must be certain that iterm1s returned frrm othor regulated sources, suoh as

hursiroses anc commc-cia fac lit cs are not mixed with hiose fron househilds. The iterns reLurned
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froM SOUrces oher than households should be handled with the inverit-ried stock in accordance with
the hazardous waste reguladions.

if a retarler does riot wish to segregate those items, then L11 items must be handled as described in
-ijestion :4

6. Does EPA require testing to determine whether a waste is hazardous?

Nc), EPA regu aLions require thaT a generator of waste deterrTine if that waste is hazardous. The
geserator 1n.y test the waste or use rts knowledge or ihw comlposition or properties of an item to
rmake that determination (AO (FR 261. )

For wastes that may be RCRA liazardoos (such as items removed froi inventory due to high ?ead
con:en:), the generaLcr may also assume that the waste is hazardous and -nmpiy wit the hazardus
Waste :egclations.

Although testing is net required, if subcLE snt teslirg by EPA or others deronstrates that the wasto
wa '-lazaraoUS, ao ncorrect deLermination would 'eavo a waste gonerato. (tho retajIer ormaruifacturer) vul'rernOle to possible enforcemert action.

7. What test method does the EPA recommend to retailers to determine whether their
inventory is hazardous? Are there certified laboratories that can conduct these tests?

The toxicity rhaiauteristie ieachiig procedure (T F--: e-hou Jll it. L--\ . K Woilo be usod
to determine whether lead-contaminated toys 7r a hozardols waste when disposed (4C-r >224),
EPA does riot certify laboratories that perform Ihe TCLP test; however, many reputab'e co.merial
laho'atorics are copable of iserfcrming the test. Testing labs can be drntifiern by contacting the
ALLeris-c r C -ccil of 7 nc eLde rdejn_. bor alo oes flci Pai5p'nmei at 202 -8 /-5872.

8. Where can retailers get a copy of the test method?

Relailers v61 gcneraily wart to rely on a tsting lab to uicderstarid the test method detaiis. Copies nf
the TCLP test method are available as a part of the EPA ralytcr methods manual, SW-845 (Lhrou
NIiS, /0-182-455) or from the dnalytical meLhnds inftrmatiori comrrinrication exchange (,ITC&)
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iotline, cL 703-671-4690. :nf0rroation and method descriptions can also be obtaireo on te SVV-846
test nmeioo Web site.

9. What concentratlon of lead in an item makes it a "hazardous waste"?

The TCLP test uses a samplf of the waste end a leaching solution (in a rauio of 1:20 After irixino the
waste ith the leacring celiu on, the leaching solution is tested for hazardous constituent
coricentrrtion, If lead in Jhe e shinq sojution is present at a concertration greater thari n r equal to h
m/I (or parts-pir-nilnion - pprn), [e waste woud be considered to be hra-rdoi.s, and would be
required to be rnanagod as a hazardous westo.

If the overall 7oncontraion of lead in the entire ubject is loss than 100 ppm on a mass basis, then tho
object, when it has become a waste, would not fail r-e TC/TCY P. However, if the ov-alI conentraion
of ne7d is crearer than 100 prr., the waste reay or may not be PCRA hazardous since it 7- ra-c that ai
of he lead p-escnt n a waste will leach in the TCLP test. PRoase note that for the purposes of the ICI P
test, the lead concentration o' tne entire Object being discarded is measured. whereas for the CPSJA,
totm Icad content by weighs r any parr of the product in measurec, So, it is possible thet an item
may be "h9ra rdous" uncle r Lhe CPS IA and rot L ride r the RCRA hazardnus waste reg u la Lioris. -t may
asc be possible to cotimate a weiglhted average concentration of lead in the entire object iV the
weinhts of the lead-contaminated portiis are know', along with rho :eao conceniration in tiose
porLuu1.

10. Is there a contact person at EPA that can offer retailers guidance on disposal if their
inventory is determined to be hazardous?

or further assistance in understndrg the apolica[le hazardous w&ste rmg.lations, the retal Ir 7hould
contact :he .ai t.n w aso e ncv in his o he r staLe or the FPA Renonal off cc.
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9444.1991(02)

LEAD SHIELDING FOR RADIOACTIVE WASTE IS A RCRA SOLID WASTE

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

4-30-91

Gaynor Dawson
Vice President
ICF Kaiser Engineers
601 Williams Blvd., 4th Floor
Richland, WA

Dear Mr. Dawson:

I am writing to respond to your August 17, 1990 letter requesting
clarification of the circumstances under which lead shielding for
radioactive waste is a solid waste under RCRA. In your letter, you
refer to the June 26, 1987 correspondence between the Director of the
office of Solid Waste, Marcia Williams, and Terry Husseman, Chair of
the Northwest Interstate Compact Committee, which states in part:
lead whose primary use is shielding in low-level waste disposal
operations is not subject to Federal hazardous waste regulations
when placed on the land as part of its normal commercial use." This
policy is unchanged.

Most recently, this policy was echoed in the October 4, 1989 Agency
guidance to NRC licensees, "Guidance on the Definition and
Identification of Commercial Mixed Low-level Radioactive and Hazardous
waste and Answers to Anticipated Questions." In question 6, on page 4
of the guidance, the issue is raised: "Are lead containers whose
primary use is for shielding in disposal operations, hazardous waste
under RCRA?' The first paragraph of the response follows:

No. While lead containers and lead container liners may exhibit
the hazardous characteristic for lead, those containers whose
primary use is for shielding in low-level waste disposal
operations are not considered hazardous wastes and thus, are not
subject to the hazardous waste rules. These same containers and
liners if disposed of or discarded would be considered wastes and
if they exhibit the hazardous characteristic, would be subject to
the hazardous waste rules.

RO 13468
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In summary, your statement that "... lead containers or container
liners [are] not solid wastes when the radioactive waste [is] disposed
because the lead shielding continue[s] to fulfill this intended use as
shielding, is a correct interpretation of Agency policy. While the
lead shielding is not a solid waste, we recommend that it be
macroencapsulated prior to disposal in or on the land to prevent the
shielding from leaching. When this is done, the environment will be
protected from radiation by the lead shielding, and from the leaching
of lead by the macroencapsulation of the entire waste package. Please
note that this macroencapsulation is not required by the land disposal
restrictions, but represents best management practice. Of course, if
the shielding is no longer serving its intended use as a commercial
product and is discarded, and exhibits a characteristic, it is a solid
waste and must meet all Subtitle C requirements, including
macroencapsulation before being placed in or on the ground.

Your letter asks several questions regarding lead shielding, some of
which were discussed over the phone with Rod Larang of your staff.
The first question asks if lead shielding for radioactive wastes is a
solid waste when it is disposed under certain conditions.

The first condition is when the shielding is part of an object being
disposed, and while necessary for radiation protection during waste
handling prior to its disposal in or on the land, is not necessary for
radiation protection after the object has been placed in or on the
land. Since the shielding is not necessary for radiation protection
once the object has been disposed, it becomes a solid waste upon
disposal, and therefore must meet all applicable treatment standards.

The second condition concerns lead shielding that is part of a disposed
waste package and is necessary for radiation protection after the
object has been buried. Here, the lead shielding is fulfilling its
intended use as a commercial product, and is not considered a solid
waste.

The third condition involves the introduction of shielding during the
packaging of radioactive waste in preparation for its disposal. As the
lead shielding is necessary only during waste handling in this example,
once the shielding is disposed, it becomes a solid waste.

The fourth condition concerns the introduction of shielding during the
packaging of the radioactive waste for disposal; the shielding being

RO 13468
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necessary for radiation protection after the waste package has been
buried. Here the shielding is not a solid waste as long as it is
fulfilling its intended use as a commercial 'Product.

Question two reads, "If lead shielding is a solid waste when placed
for disposal, it is subject to 40 CFR 268 waste treatment standards
(i.e., encapsulation for DOOS waste lead shielding),

or are these standards inapplicable because the shielding
is not a solid waste until disposal is completed?" As indicated above,
if the lead shielding itself is discarded and is no longer fulfilling
its intended use as a commercial product, it is a solid waste, and is
subject to all applicable treatment standards.

Question three describes a situation where a waste package with
nonencapsulated shielding disposed in the past is retrieved in the
future in order to treat the waste. In this case, as long as the
shielding is fulfilling its intended use, it is not a solid waste.
Once the shielding is discarded, however, the shielding becomes a solid
waste, as it would no longer be serving the function for which it was
intended. As the land disposal restrictions apply prospectively, it is
important to know when the shielding was discarded. If it was
discarded before the applicable effective land disposal restrictions
date for the RCRA hazardous waste, the land disposal restrictions would
not apply until it was dug up.

Question four in your letter provides two more examples of the use of
lead shielding: radioactive materials passing through a lead pipe, and
nonradioactive materials being protected from a radioactive environment
by lead. To respond to the subparts of question four, first, the
abandonment of buried lead-lined piping which transported radioactive
materials and the radioactively contaminated lead-shielded phone cable
constitutes disposal of a solid waste. See 40 CFR 261.2 for the
definition of solid waste. This lead would be subject to treatment
standards under the Land Disposal Restrictions program. Lead
contaminated with radioactivity must be macroencapsulated before
disposal (55 FR 22628). The piping and cables are wastes once
abandoned; redisposing the waste elsewhere would not affect its status
as a solid waste. Again, because the land disposal restrictions apply
prospectively, if the material was abandoned before the land disposal
restrictions effective date for the hazardous waste(s), the land ban
would rot apply unless the material was dug up. Liability for the
improper disposal of hazardous waste would occur immediately upon such
disposal. Violations of the land disposal prohibitions may result in

RO 13468
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the issuance of an order assessing a civil penalty for any past or
current violation, requiring compliance immediately or within a
specified time period, or both. (RCRA section 3008 (a)(1)). To
reiterate, HSWA requires hazardous wastes to meet promulgated treatment
standards prior to land disposal. Failure to meet these standards is
a violation of HSWA.

Question 5 of your letter asks if, under Section 6001 of RCRA, federal
agencies are immune from regulation by authorized states. Section 6001
of RCRA spells out clearly that any part of the Federal government
engaging in waste disposal operations is subject to all federal, state,
interstate, and local requirements. Moreover, Executive Order 12088
states that the Federal government will comply with all environmental
statutes and regulations, including the environmental statutes and
regulations of authorized states. Thus, under Section 6001 of RCRA,
Federal agencies are not immune from regulation by authorized states.

We hope that this letter answers your concerns regarding the
circumstances under which lead shielding for radioactive wastes is or
is not a solid waste under RCRA. If you have further questions on this
matter, please contact me.

Sincerely,

Richard Kinch, Chief
Waste Treatment Branch

RO 13468
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9441.1992(12)

RCRA/ Superfund /OUST Hotline Monthly Report Question

May 1992

1. Lead Used as Shielding In Low-Level Radioactive Waste
Disposal

A generator of low-level radioactive waste places the
waste in lead or lead-lined containers. These containers,
used to dispose of radioactive waste, also serve as
shielding. Would the containers, once disposed of in a
landfill, be regulated as a mixed waste under both RCRA
(because the containers exhibit toxicity characteristics
for lead) and the Atomic Energy Act (because they contain
radioactive waste)?

No, the containers or container liners would not be regulated as a
mixed waste if their primary use is for shielding in disposal
operations. Because the containers would be fulfilling their
intended use and thus would not be considered discarded under RCRA,
they do not meet the definition of a solid waste (40 CFR
§261.2(c)(1)(ii)). Since the containers would not meet the
definition of solid waste, they would not meet the definition of
hazardous waste. A 1987 internal Agency memorandum states, "[iun
this instance, containers or liners may be analogous to commercial
chemical products (e.g., pesticides) where as a product, their
normal use is placement on the land. Therefore, lead whose primary
use is shielding in low-level waste disposal operations is not
subject to Federal hazardous waste regulations when placed on the
land as part of its normal commercial use. In this example, the
containers are not subject to RCRA and are not regulated as mixed
waste.

The radioactive waste would, however, be subject to any applicable
Atomic Energy Act regulations.

EPA notes, however, that "...lead containers and liners may be
equally hazardous to human health and the environment when placed
in the ground independent of [the] legal classification as a waste
or container. Therefore, EPA recommends that all lead containers
and lead liners be managed in an environmentally safe manner (e.g.,
managed in a permitted hazardous waste facility or treated such
that it no longer exhibits its characteristic)" (OSWER Directive
9432.00-2; October 4, 1989).

RO 13538
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DOE/NV-1120

Position Paper on the Use of Lead Shielding for the
Disposal of Low Level Waste at the Nevada Test Site

The U.S. Department of Energy, National Nuclear Security Administration/Nevada Site Office
(NNSA/NSO) adopted a Position on the Use of Lead Shieldingfor the Disposal of Low-Level
Radioactive Waste at the Nevada Test Site (NTS)' justifying the use of lead lined containers and
bulk lead shielding for disposal of Low Level Radioactive Waste (LLRW) at NTS. The position
is based on numerous United States Environmental Protection Agency (EPA) letters from the
Office of Solid Waste and Emergency Response (e.g. OSWER Directives) stating lead that
provides shielding in disposal operations are not solid wastes.2 Revision 1 specifically excluded
the use of radioactively contaminated lead as shielding. This position was documented in Issue 6
of the "Position Paper on the Proper Characterization and Disposal of Sealed Radioactive
Sources", June 1996. The prohibition on the use of radioactively contaminated lead was based on
consistency with practices at a commercial disposal facility. The acceptance of the June 1996
position paper on the proper characterization and disposal of sealed radioactive sources was
documented in the August 7, 1996 letter from Runore C. Wycoff to distribution. The letter stated,
"Based on the above reasoning and with the State of Nevada concurrence, the use of lead for
shielding in containers for the disposal of LLRW should be an acceptable practice provided that
standard packaging would not reduce the exposure rate to less than 0.005 rem/hr at 30 centimeters
and shielding is necessary for radiation protection. The lead being used for shielding cannot be
radioactively contaminated when introduced. The addition of lead shielding to LLRW where
additional radiation protection is not required is prohibited by RCRA".

The justification for the use of lead shielding was based on EPA's position on the use of lead-
lined containers, documented, most notably in OSWER Directive 9432.00-23. The subject
guidance addresses the issue of identifying if lead container liners whose primary use is for
shielding in disposal operations are hazardous waste under RCRA. The directive stated that
while lead container liners may exhibit the hazardous characteristic for lead, those containers
whose primary use is for shielding in low-level waste disposal operations are not considered solid
waste and thus, not subject to the hazardous waste rules.

The position paper determined that bulk lead introduced into LLRW packages was also not
considered a hazardous waste under RCRA as long as the lead was necessary for radiation
protection during disposal operations and it was not radioactively contaminated when introduced.

Generators who use the NTS for disposal of LLRW have requested to use radioactively
contaminated lead shielding in lieu of radioactively uncontaminated or virgin lead shielding in the
disposal packages. The use of radioactively contaminated lead shielding provides U.S.
Department of Energy (DOE) generators waste minimization opportunities as opposed to
procuring virgin lead. In 2001, the United States DOE Oak Ridge National Laboratory prepared

1 NNSA/N SO, Position on the Use of Lead Shielding for the Disposal of Low-Level Radioactive Waste at
the Nevada Test Site, Revision 1, August 2001
2 EPA OSWER Letter from Richard Kinch to Gaynor Dawson, "Lead Shielding For Radioactive Waste Is
A RCRA Solid Waste", April 30, 1991, RPPC Number 9444.1991(02), Faxback Number 13468, EPA
Publication Number Not Applicable; and EPA OSWER Letter from Marcia Williams to Terry Husseman,
"Treatment And Disposal Methods For Low-Level Wastes That Contain Uncontaminated Or Radioactive
Lead ", June 26, 1987, RPPC Number 9441.1987(52), Faxback Number 12956, EPA Publication Number
Not applicable;
3 EPA OSWER, Memorandum from Jonathan Z. Cannon and Robert Bernero to all All NRC Licensees,
"Joint EPA/NRC Guidance on the Definition and Identification of Commercial Mixed Low-Level
Radioactive and Hazardous Waste," Directive No. 9432-00-2, October 4, 1989;

1 of 2
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DOE/NV-1120

a paper titled Supplemental Release Limits for the Directed Reuse of Lead in Shielding Products
(ORNL/TM-2001/36). The paper included life cycle costs analysis for the use of residual
contaminated lead in shielding versus the disposal of the material demonstrating the cost savings
and waste minimization opportunities by using residually contaminated lead as shielding in
storage disposal containers.

"The cost comparison of alternatives uses as a baseline the burial of 400 tons annually of
contaminated Pb as mixed waste (MW Burial). The value of 400 tons is chosen because
it represents the amount of Pb that may be processed annually for directed re-use in
radiation shields, the single other alternative considered. Four cost elements-
characterization/survey/sorting, packaging, transportation, and disposal-are common to
both alternatives. Costs for packaging in strong, tight containers are the same ($69K) in
both alternatives, since the number of SeaLand containers required is the same in either
case. Transportation costs are also considered to be essentially equivalent (at $25K),
since the scrap lead must move from various DOE sites around the continental United
States to a fairly central location for either recycling or burial. More extensive
characterization, survey and sorting requirements for burial as mixed waste result in
higher cost ($186K), compared with the re-use alternative ($6K). A significant
difference is also noted in disposal costs for the two alternatives: burial as mixed waste at
the EnviroCare disposal facility costs are estimated at $3.00/lb, for a resulting total burial
cost of $2,400K - almost twice as expensive as encapsulation of the lead as shielding for
an estimated $1.60/lb and a total cost of $1,280K. A cost saving is present in the re-use
option as an approximately $800K credit against the price of commercial lead which does
not have to be purchased for the construction of radiation shields. The cost comparison,
detailed in Attachment 1 (provided by NMR for this analysis), shows that burial of
contaminated Pb as mixed waste would cost the DOE approximately $2.7M annually,
compared with an annual cost of $0.6M for re-use as encapsulated radiation shields.
Directed re-use of the Pb in radiation shields therefore represents a $2. IM annual cost
savings for the DOE."4

Based on the above reasoning, and with the State of Nevada concurrence, the use of lead for
shielding in containers for the disposal of LLW should be an acceptable practice provided the
shielding is necessary for radiation protection. The use of contaminated lead shielding would be
acceptable under the following conditions:

1. Documentation demonstrating that standard packaging without lead shielding would
not reduce the exposure rate to less than 0.005 rem/hr at 30 centimeters and the
shielding is necessary for radiation protection must be maintained.

2. Documentation demonstrating that the amount of lead used for shielding is not
excessive for each specific container of LLRW. The documentation shall include
calculations demonstrating the amount of lead (thickness/quantity) in the container is
not excessive by justifying the quantity of lead required in each given container, or
on a container-by-container basis. Justification for using the appropriate amount of
lead shielding can be demonstrated by a detailed dose rate survey that shows the
shielded dose rate exceeds 0.005 rem/hr at 30 cm from the waste package.

4 DOE ORNL Supplemental Release Limits for the Directed Reuse ofLead in Shielding Products by the
Department ofEnerMv, ORNL/TM-2001/36, Section 3.5, p. 13, August 2001.
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Table G-1. Summary of Green Island Contents and Key Background Information

Green
Container

Island Landfill and Trench Identification Burial
No. No. Generator Number Container Size and Weight Waste Information Radiological Data Dangerous Waste Component Coordinates

0 Paper products, plastic, cloth, stainless steel, 37 Ci Sr-90 Lead 240 lb
other metal, and lead . 37.5 Ci Cs-137

Standard concrete burial box 0 Container designates as mixed waste due to 240 6 Other MFP
lb of lead (>100 ppm total concentration) 150 Ci total

Hanford 202A-87-021 iS (202A- 10C oa
01 218-E-10-T09 PUREX/202A WHC-87-1) 22' 7" x 11' 8" x 10' 0 Additional information is provided in the burial Unknown

record(s) in Appendix A
76,000 lb 90 mR/hr on contact at time

of burial

0 Contains paper products, plastic, cloth, stainless Lead 4.8 lb Beginning:
steel, other metal, and lead N 45676

1,000 Ci MFP total
Standard concrete burial box 0 Container originally designated as mixed waste W 55725

due to lead; re-designated due to small quantity

02 218-E-10-T09 Hanford B 221B-87-0100S (221B- 22' 7" x 11' 8" x 10' (4.8 lb) of lead (<100 ppm)
Plant/221B WHC-87-2) 0 Additional information is provided in the burial Ending:

68,000 lb record(s) in Appendix A 10 mR/hr on contact at time N 45636

of burial W 55725

0 Contains stainless steel, concrete debris, other 22.5 Ci Sr-90 Lead 270 lb Beginning:
metal, and lead 225 Ci Cs-37 N 45636

Standard concrete burial box 0 Container designates as mixed waste due to a 270 W 55725
lb lead (>100 ppm total concentration) o other MFP

03 218--10-TO9 Hanford 202A-87-0232S (202A 22' 7" x 8" x 10' counterweight 90 Ci total
0 Additional information is provided in the burial Nding:

77,500 lb record(s) in Appendix A 12 mR/hr on contact at time N 45587
W 55725

of burial

0 Contains paper, plastic, cloth, wood, concrete, 3,750 Ci Sr-90 Lead 2.2 lb Beginning:

asbestos, stainless steel, other metal, and lead .9 3,750 Ci Cs-137 Asbestos 2.2 lb N 45587

Standard concrete burial box 0 Container originally designated as mixed waste 6 other MFP W 55725

Hanford B 221B-87-0118S(221B- due to lead; re-designated due to small quantity 15,000 Ci total04 218-E-10-TO9 Plant/221B WHC-87-3) 22' 7" x 1 ' " x 10' (2.2 1b) of lead (<100 ppm) Ending:0 Additional information is provided in the burial E68,000 lbN457
record(s) in Appendix A S 3,000 mR/hr at 10 ft at time N 45557

of burial W 55725

a Contains paper, plastic, cloth, stainless steel, 5 Ci Sr-90 Lead 40 lb Beginning:
other metal, and lead . 5 Ci Cs-137 N 45514

Standard concrete burial box CxOther MFP
> Container designates as mixed waste due to 40 lb 2 iW 55725

05 218--10-TO9 Hanford B 221B-87-0133S (221B- 22' 7" x I ' 8" x 10' lead wool and wiring (>100 ppm total >20 Ci total
Plant/221B WHC-87-4) concentration)

80,000 lb 0 Additional information is provided in the burial >5 R/hr at contact at time of Ending:

record(s) in Appendix A burial N 45539

W 55725
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Table G-1. Summary of Green Island Contents and Key Background Information

Green
Container

Island Landfill and Trench Identification Burial
No. No. Generator Number Container Size and Weight Waste Information Radiological Data Dangerous Waste Component Coordinates

* HEPA filters, rags, paper, plywood, plastic, Di-octyl phthalate 6.53 kg Beginning:
rubber, grout, and stainless steel 204 Ci Cs-137 N 45145

" Originally designated as mixed waste due to the 333 Ci Sr-90 W 55725

Burial box made of plastic and presence of Di-octyl Phthalate (CAS# 117-84-0) 537 Ci total

fiberboard placed in trench and as a Washington state carcinogen. The regulatory
Hanford B grouted status of this chemical has changed since theE ing.

06 218-E-10-TO9 Plant/225B 271B-91-000289gcarcinogenic criteria was removed from WAC N 45180

(WESF)/27 B 19'8" x 7' 8" x 10' 8" 173-303 and is now regulated as a toxic W 55725
Support Bldg constituent (Toxic B). The weight percent of this

148,000 lb including added grout constituent (6.53 kg [0.0097 wt%]) falls below 5 R/hr at 1 m (3.28 ft)
regulatory levels as a Washington State toxic and
therefore no longer designates as mixed waste. 0

" Additional information is provided in the burial
record(s) in Appendix A

" HEPA filters, rags, paper, plywood, plastic, Di-octyl phthalate 6.53 kg Beginning:
rubber, grout, and stainless steel. 152 Ci Cs-137 N 45105

" Originally designated as mixed waste due to the 248 Ci Sr-90 W 55725

Burial box made of plastic and presence of Di-octyl Phthalate (CAS# 117-84-0) U 400 Ci total

fiberboard placed in trench and as a Washington state carcinogen. The regulatory
Haerbou d p d r astatus of this chemical has changed since the Ending:

Hanford B grouted carcinogenic criteria was removed from WAC N 45140
07 218-E-10-T09 Plant/225B 271 B-91-000290 173-303 and is now regulated as a toxic W 55725

(WESF)/27 B 19'8" x 7' 8" x 10' 8" constituent (Toxic B). The weight percent of this
Support Bldg constituent (6.53 kg [0.0097 wt%]) falls below

regulatory levels as a Washington State toxic and I <3 R/hr at 1 meter
148,000 lb including added grout therefore no longer designates as mixed waste.

" Additional information is provided in the burial
record(s) in Appendix A

" Dry coolant pump, filters, metal tubing, asbestos, Co-60 U235 1.23 g Beginning:
vent screens, fission chambers, wood bracing, Fe-55 Lead 730 lb N 44140
and uncontaminated lead (730 lb) as shielding. Mn-54 Asbestos 15.5% of total noncombustible W 77854

* Originally designated as mixed waste due to the a Co-58 material volume

presence of lead. However, the lead is used for its 3
intended purpose as radiological shielding; N-163 Ending:

08 218-W-3A-TS6 Bettis Atomic BETTS-MIN-87-1 10'4" x 5' 4" x 5' 9" therefore, this container is no longer designated C-14 N 44140
Power Lab (6511-4) as mixed waste. U-235 W 77860

9,755 lb * Additional information is provided in the burial 1.56E-02 Ci total
record(s) in Appendix B

92 45 mR/hr on contact at time
of burial

Hanford 300 340-87-0199S Five 55-gal Drums * Each of the 5 containers holds conwed pads, iron, Toluene 675 kg Total Beginning:
09 218-W-3A-TS6 Area/340 (340PNL873) galvanized sheet, paper/cardboard, and sorbed MFP 5 mCi N 44140
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Table G-1. Summary of Green Island Contents and Key Background Information

Green
Container

Island Landfill and Trench Identification Burial
No. No. Generator Number Container Size and Weight Waste Information Radiological Data Dangerous Waste Component Coordinates

1,500 lb total weight (individual liquid W 77832
container weights are not * Containers are designated as mixed waste due to
recorded on burial records) the presence of toluene S 1 mR/hr on contact at time of Ending:

* Additional information is provided in the burial burial N 44140
record(s) in Appendix B W 77828

* Each of the 15 drums contains sludge Co-60 Barium 15 lb Beginning:
contaminated with heavy metals, absorbent, and Cs-137 Cadmium <0.5 lb N 44140
plastic Eu-152 Chromium 6 lb W 77824

Fifteen 90-gal Fiberglass Drums * Containers are designated as mixed waste due to u-154 Lead 16.5 lb
the presence of heavy metals, including barium,

10 218-W-3A-TS6 Hanford 1608D 1608D-87-0004S 15,000 lb total weight cadmium, chromium, lead, mercury, and silver Eu-155 Mercury 1.5 lb Ending:

(individual container weights are * Additional information is provided in the burial 33.7 mCi total Silver 3.8 lb N 44140

not recorded on burial records) record(s) in Appendix B W 77812

P4 30 mR/hr on contact at time
of burial

0 Each of the 3 drums contains absorbent, glass, Co-60, Cesium, Uranium, Dioxane, Naphthalene 135 kg Beginning:

Three 55-gal Drums and sorbed liquids Radium Toluene 135 kg N 44140
0 Containers are designated as mixed waste due to j each container has MFP 0.5 Hydraulic oil 5 kg W 77688

Hanford 300 340-87-0222S 340-87- the presence of dioxane and naphthalene (340- mCi
11 21 8-W-3A-TS6 Area/340 0223S 340-87-0224S 357 lb 87-0222S), toluene (340-87-0223S), and

297 lb hydraulic oil (340-87-0224S) Ending:
94 0.5 mR/hr at contact at time N 4414071 lb 0 Additional information is provided in the burial of b rat

record(s) in Appendix B W 77686

0 Each of the 19 drums contains sludge Co-60 Barium 20 lb Beginning:
contaminated with heavy metals, absorbent, and Cs-137 Cadmium <0.8 lb N 44140

Nineteen 90-gal Fiberglass plastic Eu-152 Chromium 8.0 lb W 77588
Drums 0 Containers are designated as mixed waste due to E Lead 22.0 lb

the presence of heavy metals, including barium,
12 218-W-3A-TS6 Hanford 608H 60H-87-0004S0 total weight cadmium, chromium, lead, mercury, and silver Eu-155 Mercury 2.0 lb Ending:

(individual containerweights are * Additional information is provided in the burial 4.40E-02 Ci Total Silver 5.0 lb N 44140

not recorded on burial records) record(s) in Appendix B W 77618
C4 20 mR/hr on contact at time

of burial

0 Paper, plastic, metal, and amalgamated mercury Amalgamated Mercury 1 lb Beginning:
contained in commercial spill kit MFP 1 m (3.28 fi) Ci total N 44140

55-gal Drum 0 Container is designated as mixed waste due to W 77778

13 218-W-3A-TS6 Hanford PFP 2345Z-87-0026S the presence of mercury (1 lb)

90 lb Additional information is provided in the burial <1 mR/hr on contact at time Ending:
record(s) in Appendix B of burial N 44140

W 77768
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Table G-1. Summary of Green Island Contents and Key Background Information

Green
Container

Island Landfill and Trench Identification Burial
No. No. Generator Number Container Size and Weight Waste Information Radiological Data Dangerous Waste Component Coordinates

0 Each container holds plastic, conwed pads, and All data is total for all drums: Beginning:
sorbed liquid organics, including acetonitrile, . Acetonitrile 56.34 kg N 44140
xylene, and miscellaneous organics MFP 1.OE-07 per container

222-86-13 Xylene 214.86 kg W 77778
222-86-14 0 Containers are designated as mixed waste due to Methanol 23.82 kg
222-86-14 the presence of sorbed organic liquids

Ethanl 0.3 kgEnding:222-86-16 0 Additional information is provided in the burial

222-86-17 record(s) in Appendix B Toluene 2.42 kg N 44140

222-86-23 Twelve 55-gal Drums Dibutyl-n, n-diethyl carbamyl phosphate W 77768

222-86-24 0.83 kg
14 218-W-3A-TS6 Hanford 222-S Drums range in weight from 180 Tributyl phosphate 1.33 kg

lb to 264 lb Normal paraffin hydrocarbon 2.37 kg
222-86-26 2--0.1 to 3 mR/hr at time of Trioctylphosphineoxide in cyclohexane
222-86-27 burial 1.87 kg
222-86-28 Aliquat-336 0.81 kg
222-86-32 N-butyl acetate 2.36 kg
222-86-33 Cyclohexanone 4.34 kg

Isopropyl alcohol 1.04 kg
Ethanol amine 1.04 kg

340-87-0236S 0 Drums -236S and -237S contain plastic, assorted Drums -236S and -237S have Lead 742 kg Total Beginning:

340-87-0237S metal, and lead; all other drums contain glass, 0.im Ci Co-60; all others Pseudocumene 150 kg Total N 44140

340-87-0238S Eight 55-gal Drums conwed pads, and sorbed liquid contain 0.1 mCi MFP W 77770
Hanford 300 340-87-0239S 0 Drums are designated as mixed waste due to the

15 218-W-3A-TS6 presence of lead (>100 ppm total concentration)
Area/340 340-87-0240S Drums range in weight from 325 and sorbed pseudocumene Ending:

340-87-0241S lb to 1,000 lb 1 mrem/hr at contact at time N 4414034-8-041 Additional information is provided in the burialofbra
340-87-0242S record(s) in Appendix B W 77762

340-87-0243S

0 Each of the drums contains silica gel, asphalt, Tar/asphalt 1750.28 kg Total Beginning:
blacktop, metal, tar, plastic, and dirt 800-1,000 Ci H-3 per drum N 45160

9002-1 Series (see Thirty 55-gal Drums contaminated with tritium W 77435

16 218-W-3A-T19 LBNL Appendix B for 0 Containers are designated as mixed waste due to
individual container Drums range in weight from 277 the presence of tar and asphalt
identification numbers) lb to 381 lb Ari0.03 mrem/hr at 1 meter at the Ending:to e~~~~ Additional information is provided in the burial tm fbra 56S time of burial N 45160

record(s) in Appendix B
W 77450

0 Absorbents, plastic, and metal cans contaminated LBNL waste was disposed as non- Beginning:
with tritium.80-200 Ci H-3 per drum at dangerous radioactive waste in 1990, 1994,

time of burial and 1995. LBNL informed DOE of
0 The debris was accepted as low-level only waste, additional process knowledge that these W 76913

RTLO194 Series (see Sixty-three 55-gal Drums but later declared mixed waste by the generator. wastes were mixed waste. DOE informed

17 218-W-3AE-T08 LBNL Appendix C for 0 Additional information is provided in the burial Ecology in March 1996 of the new process Ending:7 28-W-3AE-T8 LBNLindividual container Drumsrrecord(s) in Appendix C knowledge. Ecology determined that some

identification numbers) lb4to 284 lb w r<0.02 mrem/hr at contact at of the process knowledge did not warrant a N 46060

time of burial listed waste designation, but the waste W 76909
streams cannot be
differentiated in the burial records, so it is
all presumed to be mixed waste.
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Table G-1. Summary of Green Island Contents and Key Background Information

Green
Container

Island Landfill and Trench Identification Burial
No. No. Generator Number Container Size and Weight Waste Information Radiological Data Dangerous Waste Component Coordinates

0 Natural uranium, depleted uranium, cloth, metal, Silver 0.9 kg Beginning:

Forty-three 55-gal Drums paper and plastic debris, and silver. 255 mCiU N 46186
6803-1 Series (see 0 Containers designate as mixed waste due to the W 76701

18 21-W-3AE-T05 TRW, Inc. Appendix C for presence of silver.
individual container 6,985 lb total weight (individual .
identification numbers) container weights are not Additional information is provided in the burial 1.2 mR/hr at surface at time Ending:

recorded on burial records) record(s) in Appendix C of burial N 46186

W 76709

0 Plastic, diatomaceous earth, and aluminum Aluminum nitrate 9.1 kg Beginning:
nitrate. < 2 nCi Pu-239 N 46186

55-gal Drum 0 Container designates as mixed waste due to the W 76706
19 218-W-3AE-T05 Hanford PFP 2345Z-87-0027S presence of aluminum nitrate (20 lb)

190 lb 0 Additional information is provided in the burial 1 mR/hr at surface at time of Ending:
record(s) in Appendix C burial N 46186

W 76710

0 Plastic, lead, absorbent material, beryllium, and . 0.5 mCi Co-60 Lead 77 kg Beginning:
absorbed/neutralized hydrochloric acid. 0 iBeryllium 5.7 kg N 46186

Two 55-gal Drums U 05miB
T Drums are designated as mixed waste due to the W 76708

20 218-W-3AE-TO5 Hanford 300 340-87-0246S 340-87- presence of lead and beryllium (WT02).
Area/340 0247S 250 lb 0 Additional information is provided in the burial 0.5 mR/hr on contact at time Ending:

300 lb record(s) in Appendix C of burialobuilper container N 46186

W 76712

0 The waste is a non-containerized reactor pressure 1.65E+04 Ci MFP at burial Lead 3,629 kg Beginning:
vessel containing lead shielding (8,000 lb). including Co-60, Ni-63, Fe- N 39563

17' x 40' -non containerized 0 Originally designated as mixed waste due to the U 55, Ni-59 W 77950
equipment presence of lead. However, the lead is used for its

21 218-W-4C-T14 Shipping Port 8901-02-1 intended purpose as radiological shielding;
therefore, this container is no longer designated Ending:

1.8M lb as mixed waste. C 6 mR/hr at contact at time of N 39563
S burial

0 Additional information is provided in the burial baW 77902
record(s) in Appendix D

0 Rubber, mild steel, stainless steel, carbon steel, Lead 7,182 kg Beginning:
and lead (15,800 lb) L, 1,250 Ci Cs-137 at time of N 37910

4 burial
0 Originally designated as mixed waste due to the G W 77778

Lead shielded box with carbon presence of lead. However, the lead is used for its
22 218-W-4C-T58 Hanford 300 324-88-0010S steel 11'6" x 5'1" x 5'2" intended purpose as radiological shielding;

39,500 lb therefore, this container is no longer designated 1 Ending:
as mixed waste. P 35,000 mR/hr contact dose N 37910

rate at time of burial
0 Additional information is provided in the burial W 77784

record(s) in Appendix D
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Table G-1. Summary of Green Island Contents and Key Background Information

Green
Container

Island Landfill and Trench Identification Burial
No. No. Generator Number Container Size and Weight Waste Information Radiological Data Dangerous Waste Component Coordinates

0 All containers hold pyrofoam, absorbents, . LBNL waste was disposed as non- Beginning:
plastic,,an0metal conaminatedowihitritium.dangerous radioactive waste in 1990, 1994,Nine 55-gal Drums plastic, and metal contamtinated with tritium. ti,00o urialprcnaeat agero BLifrwsei9,194 N 40300Nine 5-galDrums~ tim of brialand 1995. LBNL informed DOE ofN400

0 The debris was accepted as LLW, but later additional process knowledge that these W 77896
RTL- and RTH- Series declared mixed waste by the generator wastes were mixed waste. DOE informed

23 218-W-4C-TNC LBNL (see Appendix D for endu three 150-gal 0 Additional information is provided in the burial Ecology in March 1996 of the new process Ending:
individual container record(s) in Appendix D knowledge. Ecology determined that some
identification numbers) 92 <2 mrem/hr at contact at time of the process knowledge did not warrant a N 40300

Weight ranges from 264 lb to of burial listed waste designation, but the waste W 77886
613 lb streams cannot be

differentiated in the burial records, so it is
all presumed to be mixed waste.

0 All containers hold paper, tar, diatomite, silica LBNL waste was disposed as non- Beginning:
gel, steel, and plastic. 800-1,000 Ci H-3 per drum dangerous radioactive waste in 1990, 1994 5445

and 1995. LBNL informed DOE of
0 The debris was accepted as LLW, but later additional process knowledge that these W 78728

9002-02 Series (see Twenty-four 55-gal Drums declared mixed waste by the generator wastes were mixed waste. DOE informed

Appendix E for 0 Additional information is provided in the burial Ecology in March 1996 of the new process Ending:24 218-W-5-T22 LBNL individual container record(s) in Appendix E knowledge. Ecology determined that someiniiua otanr Weight rages from 253 lb to N 45445
identification numbers) 375 lb P 0.03 mrem/hr at contact at of the process knowledge did not warrant a

time of burial listed waste designation, but the waste W 78720
streams cannot be

differentiated in the burial records, so it is
all presumed to be mixed waste.

CAS

DOE

Ecology

ERDF

HEPA

LBNL

MFP

ppm

PFP

PUREX

WESF

Chemical Abstracts Service

U.S. Department of Energy

Washington State Department of Ecology

Environmental Restoration Disposal Facility

high-efficiency particulate air

Lawrence Berkeley National Laboratory

mixed fission products

parts per million

Plutonium Finishing Plant

plutonium-uranium extraction

Waste Encapsulation and Storage Facility
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1 This appendix contains the list of supporting documents used to create the records documenting the
2 contents of the 200-SW-2 landfills:

3 e BHI-00 178, 1995, PUREXPlant Aggregate Area Management Study Technical Baseline Report,
4 Rev. 00, Bechtel Hanford, Inc., Richland, Washington. Available at:
5 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D198038126.

6 e DDTS-GENERATED-5634, 1946, Burial ofEquipment and Material and Instruments 03/01/1946
7 Through 12/27/1946, General Electric Company, Richland, Washington. Available at:
8 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0082004H.

9 e DDTS-GENERATED-563 5, 1947, Burial of Equipment and Material and Instruments 01/09/1947
10 Through 12/29/1947, General Electric Company, Richland, Washington. Available at:
11 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0082003H.

12 e DDTS-GENERATED-5636, 1948, Burial ofEquipment and Material and Instruments 01/14/1948
13 Through 12/21/1948, General Electric Company, Richland, Washington. Available at:
14 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0082002H.

15 e DDTS-GENERATED-5637, 1949, Disposition of Contaminated Government Property 05/10/1949
16 Through 10/31/1949, General Electric Company, Richland, Washington. Available at:
17 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0082001H.

18 e DDTS-GENERATED-5640, 1949, Burial ofMaterial 01/03/1949 Through 05/09/1949, General
19 Electric Company, Richland, Washington. Available at:
20 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0082000H.

21 Hanford Site maps and drawings:

22 - H-2-124, 218-E-1 Dry Waste Burial Ground

23 - H-2-2503, 218-W-2 Dry Waste Burial Ground

24 - H-2-2516, Industrial Burial Ground 218-W-1A

25 - H-2-31268, Solid Waste Burial Grounds Plot Plan

26 - H-2-3 1904, 218-W-4 Dry Waste Burial Site Trench No. 2

27 - H-2-32095, 218-W-2A Industrial Burial Ground & 218- W-3 Dry Waste Burial Ground

28 - H-2-32144, 218-W-4 Dry Waste Burial Site Trench No. 11

29 - H-2-32560, As-Built Dry Waste Burial Site #218-E-12A

30 - H-2-33055, Dry Waste Burial Ground 218- W-4B

31 - H-2-34880, Dry Waste Burial Ground 218- W-3A

32 - H-2-37437, Dry Waste Burial Ground 218- W-4C

33 - H-2-55534, 218-E2, E2A, E4, E5, E5A, & E9 Industrial Burial Ground Plan & Details

34 - H-2-75149, Dry Waste Burial Ground 218-W-1

35 - H-2-7535 1, Dry Waste Burial Ground 218-W-3AE

36 - H-2-92004, Industrial Burial Ground 218-El 0 Site-Plan and Details

37 - H-2-94250, Dry Waste Burial Ground 218-W-11

38 - H-2-94677, Dry Waste Burial Ground 218-W-5

39 - H-2-96660, East Area Dry Waste Burial Ground
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1 e HAN-95462, 1966, "Scrap & SS Material Waste For Burial At Richland" (memorandum to
2 G.F. Penn, Fuels & Metallurgy Branch, Production Division RL, from H.V. Werner, SS Materials
3 Representative, SAN), U.S. Atomic Energy Commission, Richland, Washington, August 31.
4 Available at: http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0081990H.

5 e HW-41535, 1956 (declassified 1971), Unconfined Underground Radioactive Waste and
6 Contamination in the 200 Areas, General Electric Company, Richland, Washington.

7 e HW-60807, 1959 (declassified 1971), Unconfined Underground Radioactive Waste and
8 Contamination in the 200 Areas-1959, General Electric Company, Richland, Washington.

9 e HW-63703, 1960, Disposition of Contaminated Processing Equipment at Hanford Atomic Products
10 Operation 1958-1959, General Electric Company, Richland, Washington.

11 e PNL-6456, 1988, Hazard Ranking System Evaluation of CERCLA Inactive Waste Sites at Hanford:
12 Volume 1 - Evaluation Methods and Results, Vol. 1, Pacific Northwest Laboratory, Richland,
13 Washington. Available at: http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D196006954.

14 e PNL-6456, 1988, Hazard Ranking System Evaluation of CERCLA Inactive Waste Sites at Hanford:
15 Volume 2 - Engineered-Facility Sites (HISS Data Base), Vol. 2, Pacific Northwest Laboratory,
16 Richland, Washington. Available at:
17 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D 196006996.

18 e PNL-6456, 1988, Hazard Ranking System Evaluation of CERCLA Inactive Waste Sites at Hanford:
19 Volume 3 - Unplanned-Release Sites (HISS Data Base), Vol. 3, Pacific Northwest Laboratory,
20 Richland, Washington. Available at:
21 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D196007000.

22 * RHO-CD-673, 1979, Handbook 200 Areas Waste Sites, 3 volumes, Rockwell Hanford Operations,
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1 HI Organics in the 200-SW-2 Operable Unit Landfills

2 This appendix describes presence of organic contamination associated with the SW-2 landfills.

3 H1.1 Carbon Tetrachloride Waste Disposal

4 Carbon tetrachloride contained in aqueous and organic liquid wastes generated during
5 plutonium-processing operations at the Plutonium Finishing Plant (PFP) was discharged primarily to
6 three subsurface infiltration facilities: 216-Z-9 Trench from 1955 to 1962, 216-Z-1A Tile Field
7 (and associated 216-Z-1 and 216-Z-2 Cribs) from 1964 to 1969, and 216-Z-18 Crib from 1969 to 1973.
8 The recovery of uranium and plutonium by extraction from plutonium processing operations was
9 discontinued after a criticality incident in April 1962 and was replaced in May 1964 by the Plutonium

10 Reclamation Facility. No liquid organic waste associated with these operations was discharged to cribs
11 between April 1962 and May 1964, and no liquid organic waste was discharged to cribs after 1973.

12 Three other sites near Z Plant also received carbon tetrachloride wastes: 216-Z-12 Crib, 216-Z-19 Ditch,
13 and 216-T-19 Crib. The 216-Z-12 Crib received analytical and development laboratory waste from
14 Z Plant from 1959 to 1973 and is estimated to have received a small volume of organics, which included
15 carbon tetrachloride. The 216-Z-19 Ditch was used to convey process cooling water and steam condensate
16 from Z Plant from 1971 to 1981; apparently, carbon tetrachloride was occasionally and/or accidentally
17 released to this ditch because heavy organic was noted in the outfall. Between 1973 and 1976, aqueous
18 waste saturated with carbon tetrachloride was sent to the 242-T Evaporator. During that time, the
19 216-T-19 Crib received carbon tetrachloride in the overhead condensate discharged from this evaporator.

20 H1.2 Carbon Tetrachloride Soil Vapor Extraction

21 Carbon tetrachloride was found in the unconfined aquifer beneath the 200 West Area at the Hanford Site
22 in the mid-1980s. Groundwater monitoring indicated that the carbon tetrachloride plume was widespread
23 and that concentrations were increasing. In response to this contamination, removal of carbon
24 tetrachloride from the vadose zone in the 200 West Area was initiated in 1992 using soil vapor extraction
25 (SVE), followed by aboveground vapor treatment using granular activated carbon (GAC). By March
26 1993, three SVE systems (located near the three primary carbon tetrachloride disposal sites noted
27 previously) were in operation, with a total capacity of 85 m3/min.

28 Between 1992 and 1997, the strategy for SVE was to operate year-round using up to three SVE systems
29 with design capacities of 14.2 m n/min, 28.3 m3/min, and 42.5 m3/min (500 ft3/min; 1,000 ft3/min; and
30 1,500 ft3/min). Operation of the three SVE systems was temporarily suspended in June 1993 because a
31 GAC canister overheated at the 216-Z-9 site. The first system was restarted 5 months later, and the last
32 system was restarted 12 months later. In fiscal year (FY) 1997, a rebound study (BHI-0 1105, Rebound
33 Study Report for the Carbon Tetrachloride Soil Vapor Extraction Site, Fiscal Year 1997) was conducted
34 throughout the carbon tetrachloride SVE sites to determine the increase in carbon tetrachloride vapor
35 concentrations following temporary system shutdown. Operations of all three SVE systems (14.2 m 3/min,
36 28.3 m3/min, and 42.5 m3/min) were suspended from November 1996 to July 1997, when all three SVE
37 systems were restarted and continued operating through the end of September 1997.

38 The operating strategy was modified in 1998, based on the results of the rebound study (BHI-0 1105) and
39 the declining rate of carbon tetrachloride removal during continuous extraction operations. Only the
40 14.2 M3 /min system was used for carbon tetrachloride removal from 1998 through 2008. Instead of
41 operating year-round, this SVE system was operated in a cyclic or periodic mode during these years.
42 The 14.2 m 3/min system typically operated from April through September each year, alternating between
43 the 216-Z-9 site and the 216-Z-1A/216-Z-18/216-Z-12 site (for approximately three months at each site).
44 The system was maintained in standby mode from October through March to allow time for carbon
45 tetrachloride vapor concentrations to rebound. During this time, operation of the SVE system was

H-1



DOE/RL-2004-60, DRAFT B
MARCH 2015

1 temporarily suspended during FY 2000 as a result of higher priority remediation activities competing for
2 limited funding. Two new SVE systems, each with a design capacity of 14.2 m3/min, were installed and
3 operated in 2009. One new SVE system was operated at the 216-Z-1A/216-Z-18/216-Z-12 site, and one
4 system was operated at the 216-Z-9 site. Each system operated from April 1 through September 30, 2009;
5 March 1 through October 31, 2010; March 1 through October 31, 2011; and April 2 through
6 October 4, 2012.

7 Between April 1991 (when the pilot test was conducted) and October 2012, approximately 80,107 kg
8 (176,604 lb) of carbon tetrachloride were removed from the vadose zone (SGW-54566, Performance
9 Evaluation Report for Soil Vapor Extraction Operations at the 200-PW-1 Operable Unit Carbon

10 Tetrachloride Site, Calendar Year 2012). Of this total, 54,966 kg (121,178 lb) were removed from the
11 216-Z-9 Well Field, and 25,141 kg (55,426 lb) were removed from the 216-Z-1A/216-Z-18 Well Field.

12 H1.3 Concentration Changes Over Time

13 Carbon tetrachloride concentrations in the extracted soil vapor have decreased significantly at the 216-Z-9
14 and 216-Z-1A/216-Z-18/216-Z-12 Well Fields during SVE operations. Carbon tetrachloride
15 concentrations in soil vapor extracted from the 216-Z-9 Well Field using the active SVE systems have
16 declined from approximately 30,000 parts per million by volume (ppmv) at startup in March 1993 to a
17 maximum of 14 ppmv in calendar year (CY) 2012. Carbon tetrachloride concentrations in soil vapor
18 extracted from the 216-Z- 1 A/216-Z- 18/216-Z- 12 Well Field using the SVE systems have declined from
19 approximately 1,500 ppmv at startup in February 1992 to a maximum of 11 ppmv in CY 2012.
20 This decrease in concentration with continued extraction is typical of SVE operations and represents
21 removal of the volatile contaminant originally available in the readily swept pore spaces. Once that mass
22 has been effectively removed, peak contaminant vapor concentrations at the beginning of each pumping
23 cycle reflect the amount of carbon tetrachloride released from low-permeability sediments during the
24 preceding nonoperational period. Once pumping has commenced, contaminant concentration rapidly
25 decreases, approaching a concentration level that may reflect the rate of continued contaminant release
26 from low-permeability sediments.

27 At the 216-Z-1A/216-Z-18/216-Z-12 site, an increase in carbon tetrachloride concentrations occurred in
28 CY 2012 when the second set of extraction wells was brought online; concentrations then declined to
29 approximately 6 ppmv by the end of 2012 extraction operations. At the 216-Z-9 site, concentration
30 declined to approximately 7 ppmv by the end of 2012 extraction operations.

31 For the 216-Z-9 site and 216-Z- 1 A/216-Z- 18/216-Z- 12 site, the initial concentrations following the
32 inactive (rebound) period have generally declined over the years. Although initial concentrations at the
33 216-Z-9 site have been much higher than at the 216-Z-1A/216-Z-18/216-Z-12 site, tailing concentrations
34 toward the end of the extraction pumping campaign are similar in magnitude.

35 A treatability study in 2011 demonstrated that the accumulation of carbon tetrachloride during rebound
36 periods at the 216-Z-9 site has gradually decreased during recent years (PNNL-21326, Treatability Test
37 Report: Characterization of Vadose Zone Carbon Tetrachloride Source Strength Using Tomographic
38 Methods at the 216-Z-9 Site). Figures H-I and H-2 show the maximum rebound carbon tetrachloride
39 vapor concentration and the asymptotic concentration (concentration at the end of the operations cycle)
40 for the same period of cyclic operations. The maximum concentrations were significantly higher than the
41 asymptotic concentrations during the earlier cycles. Since then, the maximum and asymptotic
42 concentrations at both sites have declined, and now there are only small differences between maximum
43 and asymptotic concentrations. These small differences between the initial and final concentrations in an
44 operational cycle indicate that the rebound in carbon tetrachloride concentrations during the shutdown
45 period has significantly declined.
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1 H1.4 Soil Vapor Extraction from the 218-W-4B Landfill

2 During FY 2007, an additional SVE system was operated at the 218-W-4B Landfill from December 2006
3 through July 2007 (SGW-371 11, Performance Evaluation Report for Soil Vapor Extraction Operations at
4 the 200-PW-1 Operable Unit Carbon Tetrachloride Site, Fiscal Year 2007). Elevated concentrations of
5 carbon tetrachloride were detected in Trench T-07 during the environmental release investigation that was
6 performed in support of retrieval operations for retrievably stored waste (RSW). The SVE system was
7 operated at Trench T-07 to minimize release of carbon tetrachloride from the trench to the environment
8 and to protect site workers. Vapor extraction was conducted in support of waste retrieval activities.
9 Vapor extraction from Trench T-07 was performed using five vent risers as extraction points. Operations

10 were planned to continue 24 hours/day; however, during the winter months, operations frequently were
11 limited to dayshift because of problems with lines freezing. At least one vapor sample was collected on
12 each day that the system was operated. The vapor extraction points were moved periodically from west to
13 east as vapor extraction operations reduced the carbon tetrachloride concentrations and as waste retrieval
14 progressed. The system was removed permanently to allow retrieval operations to remove the remaining
15 waste at the end of Trench T-07. The maximum carbon tetrachloride concentration detected was
16 1,270 ppmv. Final concentrations of carbon tetrachloride prior to removal of the system were less than
17 50 ppmv.

18 H1.4.1 Soil Vapor Sampling in the 218-W-4B Landfill
19 In support of Tri-Party Agreement (TPA) (Ecology et al., 1989, Hanford Federal Facility Agreement and
20 Consent Order) Milestone M-091-40, Requirement 2, soil vapor sampling is required in the 218-W-4B
21 Landfill prior to and following waste retrieval. Due to lack of funding, post-retrieval sampling has been
22 delayed. Pre-retrieval (Step I) sampling was completed in 2006. Data are summarized in Table H-1.

23 H1.5 Soil Vapor Extraction from the 218-W-4C Landfill

24 Elevated concentrations of carbon tetrachloride were detected at the east end of Trench 4 during remedial
25 investigation (RI) for the 200-PW-1 Operable Unit (OU). During FY 2004, an additional SVE system was
26 operated at the 218-W-4C Landfill from November 2003 through April 2004 (WMP-26178, Performance
27 Evaluation Report for Soil Vapor Extraction Operations at the 200-PW-1 Carbon Tetrachloride Site,
28 Fiscal Year 2004). Four vent risers at the east end of Trench 4 were typically used as the extraction
29 points. From initial startup until the end of January 2004, operation ranged from two to seven hours/day,
30 and carbon tetrachloride concentrations were monitored at the inlet of the SVE system every two hours.
31 Based on the decline in carbon tetrachloride concentrations and the absence of detectable radiological
32 activity at the vapor extraction system, operation of the system was extended to 24 hours per day in
33 January 2004 to increase carbon tetrachloride removal efficiency and maximize personnel protection
34 during drum removal activities. At the same time, monitoring was reduced from a two-hour interval to
35 once per day.

36 Vapor samples were collected periodically at the inlet to the SVE system and analyzed offline using a
37 photo-acoustic gas analyzer. Carbon tetrachloride concentrations declined from approximately 75 ppmv
38 to less than 2 ppmv. Based on an average system flow rate of 3.7 m n/min, the carbon tetrachloride
39 concentrations, and the hours of operation, approximately 11 kg of carbon tetrachloride were removed
40 during FY 2004. The system was removed permanently to allow retrieval operations to remove bulk soil
41 overburden covering the drums at the east end of Trench 4.

42 H1.5.1 Soil Vapor Sampling in the 218-W-4C Landfill
43 In support of TPA (Ecology et al., 1989) Milestone M-091-40, Requirement 2, post-retrieval soil vapor
44 sampling was completed during 2007 and 2009 in the 218-W-4C Landfill (see Section 2.3). Pre-retrieval
45 sampling was completed in 2003. Data are summarized in Table H-3.
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1 H2 M-091-40, Requirement 2 Sampling

2 TPA (Ecology et al., 1989) Milestone M-091-40 requires completion of the retrieval and designation of
3 contact handled suspect transuranic (TRU) RSW in the 218-W-4B, 218-W-3A, and 218-E-12B Landfills.

4 H2.1 Background

5 Milestone M-091-40, Requirement 2 states that the U.S. Department of Energy (DOE) will sample and
6 analyze, in accordance with approved sampling and analysis plans (SAPs), trench substrates to determine
7 whether releases to the environment have occurred from waste containers. At the time the data quality
8 objective process was initiated in 2003, the agreement included 218-W-4C (Ecology, 2003,
9 Administrative Order No. 03NWPKW-5494). The agreement also stated that vapor sampling through vent

10 risers in the trenches should occur before waste retrieval. Based on the stipulations of the agreement in
11 2003, the following SAPs were developed for each landfill:

12 e DOE/RL-2003-48, 218- W-4C Sampling and Analysis Plan

13 e DOE/RL-2004-32, 218-E-12B Burial Ground Sampling and Analysis Plan

14 e DOE/RL-2004-70, 218- W-4B Burial Ground Sampling and Analysis Plan

15 e DOE/RL-2004-71, 218-W-3A Burial Ground Sampling and Analysis Plan

16 The following list summarizes the three-step process to complete the M-091-40 sampling requirements
17 for the 218-W-4C, 218-W-4B, 218-W-3A, and 218-E-12B Landfills (detailed explanations of each step
18 are provided in the referenced SAPs):

19 * Step I of the SAP occurs prior to waste retrieval. Soil vapor samples are collected passively or
20 through existing vent risers to determine volatile organic compound (VOC) levels. Based on the
21 location of the highest levels of VOCs detected during field screening, biased soil vapor sampling
22 locations are selected for laboratory analysis. Samples are generally collected at the base of the
23 trench, near the bottom of the existing vent risers. Results of Step I are used to determine biased
24 sampling sites for Step II.

25 * Step II is initiated post-retrieval. Soil vapor sampling is conducted along the edges of the trench
26 bottoms. Direct push technology is used to obtain vapor samples at varying depths from the bottom of
27 the trench. In addition to direct push sampling in areas known to have contained TRU RSW, biased
28 sampling is performed using results from Step I, visual observations, organic vapor monitoring, and
29 radiological surveys on the trench floor and vadose zone soils.

30 * Step III sampling will assess available data and characterize substrate soils. Additional sampling may
31 be required, based on sampling results from Steps I and II.

32 TPA (Ecology et al., 1989) Milestone M-091-40, Requirement 2 requires quarterly reporting of sampling
33 results. Quarterly reports were reviewed, and results of all sampling data are summarized in the following
34 sections. A summary of activities performed in support of M-091-40, Requirement 2 sampling work is
35 provided in Table H-1. Statistical analysis (i.e., median and mean) was not completed on data due to the
36 limiting detection factors of the field instrumentation. Nondetection was not reported as 0 but was
37 reported as not detected above the practical quantitation factor or "undetected." In many cases, there are
38 extreme outliers in contaminant detection (indicating a potential hot spot); therefore, a mean and median
39 would not be representative of the samples collected. The purpose of the sampling plan was to determine
40 the possibility of the presence of contamination and focus biased samples on areas where high levels of
41 contamination were detected.
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Table H-1. Summary of Activities Performed in Support of M-091-40, Requirement 2, Sampling and Analysis to
Determine Potential Leaks from Retrievably Stored Transuranic Waste in the 200-SW-2 Landfills

Step I Step II
Maximum Maximum

Concentration Concentration
of Carbon of Carbon

Sampling and Step I Tetrachloride Step II Tetrachloride
Landfill Analysis Plan Sampling (ppmV)a Sampling (ppmv)"

218-W-4C September October 2003 668 Oct. 2007/ 3.21
2003 Apr. 2009

218-E-12B December 2004 May 2005 Not detected * *

218-W-3A May 2006 September 36 * *

2005 b

218-W-4B June 2006 September 7,580 * *
2006

* Sampling has not started; therefore, no results are available as of publication date.

a. Carbon tetrachloride concentrations are provided as a primary contaminant of concern. Other compounds detected during
sampling are listing in Tables H-2 and H-3.

b. Step I sampling for 218-W-3A was completed as part of the 200-PW-1 sampling plan (see Section 2.2.1).

1

2 H2.2 Step I (Pre-Retrieval) Sampling Results

3 Samples were collected, prior to retrieval of TRU waste from several landfills, as discussed in the
4 following subsections.

5 H2.2.1 218-W-3A Landfill
6 The 218-W-3A Landfill contained TRU RSW in 14 trenches: T-9S, T-6S, T-01, T-04, T-05, T-06, T-08,
7 T-10, T-15, T-17, T-23, T-30, T-32, and T-34. Vent risers were only installed in areas containing TRU
8 RSW in Trenches T-05 and T-08. Soil vapor sampling was completed in September 2005 in support of
9 the 200-PW-1 OU dispersed carbon tetrachloride vadose zone plume RI. Per an agreement between the

10 Washington State Department of Ecology and DOE Richland Operations Office, the 200-PW- 1 field
11 screened sampling data would be used in lieu of performing additional vent riser soil vapor sampling to
12 satisfy the requirements in the 218-W-3A SAP (DOE/RL-2004-7 1). The field screened data presented in
13 this report are from the 200-PW-1 sampling activity.

14 Step I sampling was initiated in support of the 200-PW-1 SAP in August 2005 for the 218-W-3A
15 Landfill. Soil vapor samples were collected from nine vent risers in Trenches T-05 and T-08
16 (06-AMCP-0073, "Burial Ground Sampling and Analysis Results for July-September 2005"). The highest
17 concentration of carbon tetrachloride was detected during field screening in the west end of Trench T-08
18 at 36 ppmv. Of the 11 samples collected, 3 detected carbon tetrachloride that ranged from 5 to 36 ppmv.
19 Tetrachloroethylene and methyl chloride were found at elevated concentrations in Trench T-08 at
20 460 ppmv and 186 ppmv, respectively. Laboratory analysis did not detect carbon tetrachloride in any
21 samples. Laboratory analysis detected tetrachloroethylene at 4,200 ppmv in Trench T-08. Step I sampling
22 for the 218-W-3A Landfill is summarized in Table H-2. Figure H-3 presents locations of elevated
23 contaminants of concern (COCs). Maximum concentrations of all compounds detected during Step I
24 sampling are provided in Table H-8.
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Table H-2. Frequency, Minimum Concentrations, and Maximum Concentrations of Primary Contaminants of Concern
Detected at 218-W-3A During Step I Sampling

Total Number of
Number Times Trenches

of Compound Minimum Maximum with
Samples Was Detected Detected Detected

Landfill Compound Collected' Detecteda Concentration Concentration Compound

218-W-3A 15

Trichloromethane 1 4 4 T-05
(Chloroform) (ppmv)

1,1,1-trichloroethane 4 9 18.8 T-05, T-08

(ppmv)

Carbon Tetrachloride 3 5 36 T-08

(ppmv)

Trichloroethylene 2 3 13 T-08

(ppmv)

Tetrachloroethylene 12 3 4,200 T-05, T-08

(ppmv)

a. Number includes field screened and lab samples. Field instrument reported concentrations of up to 8 compounds. Lab
analysis was able to detect for all contaminants of concern.

b. Detections less than the practical quantitation limit are excluded.

ppmv = parts per million by volume

1

2 H2.2.2 218-W-4C Landfill
3 The 218-W-4C Landfill contained TRU RSW in Trenches T-0 1, T-04, T-07, T-20, T-24, and T-29.
4 Trench T-24 contained no vent risers.

5 Step I sampling for the 218-W-4C Landfill started in October 2003. Soil vapor sampling was completed
6 on 84 vent risers in Trenches T-01, T-04, T-07, T-20, and T-29 (04-AMCP-0 197, "Transmittal of the
7 Burial Ground Sampling and Analysis Results for October - December 2003"). Field screening detected
8 the highest concentrations of carbon tetrachloride from three vent risers at the east end of Trench T-04
9 ranging from 114 to 668 ppmv. Also in Trench T-04, trichloromethane was detected at a maximum

10 concentration of 283 ppmv. The laboratory analysis of the vent riser samples did not detect carbon
11 tetrachloride or trichloromethane in the T-04 samples at the required dilution factor. However, the
12 laboratory analysis detected elevated concentrations of 1,1,1-trichloroethane (2,337 ppmv) and
13 tetrachloroethene (1,717 ppmv). Low levels of carbon tetrachloride were found in laboratory samples
14 from Trenches T-07 and T-29 at 2.7 and 3.4 ppmv, respectively. Step I sampling for the 218-W-4C
15 Landfill is summarized in Table H-3. Figure H-4 presents locations of elevated COCs. Maximum
16 concentrations of all compounds detected during Step I sampling are provided in Table H-8.
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Ietrachloroethylenc 240 ppmv
1,1,1 -trichloroethane 14 ppmav

Trichloroethylene 13 ppmv

1,1,1 -trichloroethane 18.8 ppmv

Irichloromeithaine 4 ppmv

r - -- - ---.-

Carbon tetrachloride 36 ppmv

Tetrachloroethylene 4,200 ppmv

/

Ictrachloroethylene 328 ppmv

LEGEND

e vent risers in areas of
retrievably stored waste

Figure H-3. Locations and Concentrations of Elevated Contaminants of Concern Detected
During Step I Soil Vapor Sampling in Trenches T-05 and T-08 at the 218-W-3A Landfill

Table H-3. Frequency, Minimal Concentrations, and Maximum Concentrations of Primary Contaminants of Concern
Detected at 218-W-4C During Step I Sampling

Total Number of
Number Times Trenches

of Compound Minimum Maximum with
Samples Was Detected Detected Detected

Landfill Compound Collected' Detected' Concentration" Concentration Compound

218-W-4C 91

Dichloromethane 34 0.13 4.71 T-01, T-04,
(Methylene T-07
Chloride) (ppmv)

1,1-dichlorothane 18 0.31 28.1 T-01, T-04

(ppmv)

Trichloromethane 25 0.27 283 All
(Chloroform)

(ppmv)

H-8
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Table H-3. Frequency, Minimal Concentrations, and Maximum Concentrations of Primary Contaminants of Concern
Detected at 218-W-4C During Step I Sampling

Total Number of
Number Times Trenches

of Compound Minimum Maximum with
Samples Was Detected Detected Detected

Landfill Compound Collected' Detecteda Concentration Concentration Compound

1,1,1- 63 0.16 2,337c All
trichloroethane
(ppmv)

Carbon 56 0.24 668 T-04, T-07,
Tetrachloride T-20, T-29

(ppmv)

Trichloroethlyene 33 0.10 25.5c T-01, T-04,
T-07

1,1,2- 4 0.12 0.98 T-04
trichloroethane

(ppmv)

Tetrachloroethylene 39 0.35 1,717c T-01, T-04,
T-07, T-20

a. Number includes field screened and lab samples. Field instrument reported concentrations of up to 8 compounds. Lab
analysis was able to detect for all contaminants of concern.

b. Detections less than the practical quantitation limit are excluded.

c. Exceeds calibration range.

ppmv = parts per million by volume

1

2 H2.2.3 218-E-12B Landfill
3 The 218-E-12B Landfill contained TRU RSW in Trenches T-17 and T-27. No vent risers exist in the
4 218-E-12B Landfill; therefore, passive soil vapor sampling was conducted in the overlying soil.

5 Step I soil vapor sampling was initiated in May 2005 for the 218-E-12B Landfill (05-AMCP-0414,
6 "Transmittal of the Burial Ground Sampling and Analysis (SAP) Results for April-June 2005").
7 No carbon tetrachloride was detected. Tetrachloroethylene was detected at a maximum concentration of
8 34 ng/sample. Step I sampling for the 218-E-12B Landfill is summarized in Table H-4. Figure H-5
9 presents locations of elevated COCs. Maximum concentrations of all compounds detected during Step I

10 sampling are provided in Table H-8.

11 H2.2.4 218-W-4B Landfill
12 The 218-W-4B Landfill contained TRU RSW in Trenches T-07 and T- 11. Trench T-1 1 did not receive
13 vent risers during waste burial and was not sampled as part of Step I.

14 Step I sampling was initiated in September 2006 for the 218-W-4B Landfill. Sampling was conducted on
15 18 existing vent risers at T-07 (07-AMCP-006 1, "Transmittal of the Burial Ground Sampling and
16 Analysis Results for July - September 2006 Quarter;" 07-AMCP-0 166, "Burial Ground Sampling and
17 Analysis Results for October - December 2006"). Two different field screening analyzers were used: the
18 Briel & Kjaer (B&K) 1302 photoacoustic gas analyzer, and the MIRAN SapphiRe Ambient Air
19 Analyzer. The B&K results were suspected to be biased high due to interference from a co-contaminant
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(tetrachloroethene) with a similar peak. The highest concentration of carbon tetrachloride using the B&K
analyzer was detected at the west end of Trench T-07 at 7,580 ppmv. The highest concentration of carbon

3 tetrachloride using the MIRAN analyzer was detected in the same area

Tetrachiloroethylene 47.3 ppmv

Tetrachloroethylene 32.8 ppmv

Tetrachloroethylene 28.7 ppmv --

a
V

* *

: a
*

Carbon tetrachloride 668 ppmv
Trichloroethane 25.5 ppm

Terachloroethylene 1,717 ppmv
Trichloromethane 125 ppmv
Dichloromethane 4.71 ppmv

1,1,1 -richloroethane 1,081 ppmv

T-20

of Trench T-07 at 274 ppmv.

LEGEND
* vent risers in areas of
retrievably stored waste

* Trichloromethane 283 ppmv* *

* Tetrachlor-oethylene 98 pprnv

*

* * Carbon tetrachloride 114 ppmv
1, 1,1 -trichloroethane 2.022 ppnv

* X@

1 , 1-trichloroethane 1,772 ppnv

-.---- 1,1.1 -trichloroethanc 2.337 ppmv
.1 -dichloroethane 28.1 ppmv

T-07 T-04 T-01

Figure H-4. Locations and Concentrations of Elevated Contaminants of Concern Detected During
Step I Soil Vapor Sampling in Trenches T-01, T-04, T-07, T-20, and T-29 at the 218-W-4C Landfill

Table H-4. Frequency, Minimum Concentrations, and Maximum Concentrations of Primary Contaminants of Concern
Detected at 218-E-12B During Step I Sampling

Total Number of
Number Times Trenches

of Compound Minimum Maximum with
Samples Was Detected Detected Detected

Landfill Compound Collected Detected Concentration" Concentration Compound

218-E-12B 52

Tetrachloroethylene 3 26 ng/sampleb 34 ng/sampleb T-27
(ng/sample)

1,2,4-trim 4 25 ng/sampleb 30 ng/sampleb T-17, T-27
ethylbenzene

(ng/sample)

a. Detections less than the practical quantitation limit are excluded.

b. No vent risers were available at 218-E-12B for sampling. Passive sampling was used, and results are given in units of mass,
as provided by the laboratory analytical method.
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LEGEND

* passive sampling
locations in areas of

retrievably stored waste

Tetracliloroethylene 34 ng/sample

T-2
T-27

Tetrachloroethylene
33 ng/sample

1,2,4-Trimethylbenzene
/ 30 ng/sanple

Tetrachloroethylene
26 ng/sample

*:

..

1,2,4-Triinethylbenzene 25 ng/sample

1,2,4-Trinethylbenzene 26 ng/sample

-1,2,4-Trimethylbenzene 25 ng/sample

T-17

Figure H-5. Locations and Concentrations of Contaminants Detected During Step I Passive Soil Vapor
Sampling in Trenches T-17 and T-27 at the 218-E-12B Landfill

Other elevated VOCs include dichloromethane, trichloromethane, and tetrachloroethene. Step I sampling
for the 218-W-4B Landfill is summarized in Table H-5. Figure H-6 presents locations of elevated COCs.
Maximum concentrations of all compounds detected during Step I sampling are provided in Table H-8.
For conservatism, results reported in the table and figure include data from the suspect B&K analyzer,
presumed to be biased high.
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Table H-5. Frequency, Minimum Concentrations, and Maximum Concentrations of Primary Contaminants of Concern
Detected at 218-W-4B During Step I Sampling

V 0 0 -

Landfill Compound S 5 9: Z 9z

218-W-4B 97

Dichloromethane
(Methylene
Chloride) (ppmv) 47 0.53 51.2 T-07

1,1 -dichloroethene

(ppmv) 1 5.6 5.6 T-07

Trichloromethane
(Chloroform)

(ppmv) 41 0.096 564.55 T-07

Carbon
Tetrachloride

(ppmv) 78 0.96 7,580a T-07

Trichloroethylene

(ppmv) 3 0.44 8.4 T-07

Tetrachloroethylene

(ppmv) 11 0.053 124 T-07

Methyl Ethyl
Ketone (ppmv) 40 1.01 193 T-07

Dichlorobenzene,

m- (ppmv) 5 37 171.69 T-07

CFC-113 (1,1,2-
trichloro-1,2,2-
trifluroethane)

(ppmv) 2 36.83 73 T-07

a. Value is considered to be elevated due to instrumentation limitations in differentiating compounds (e.g.,
tetrachloroethylene) with similar infrared absorbance peaks. The next highest concentration of carbon tetrachloride was
detected in the same area of trench (274 ppmv).

b. Number includes field screened and lab samples. Field instrument reported concentrations of up to 8 compounds. Lab
analysis was able to detect for all contaminants of concern.

c.

Only T-07 contained vent risers for sampling.

ppmv = parts per million by volume

1
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2 Figure H-6. Locations and Concentrations of Elevated Contaminants of Concern Detected
3 During Step I (Pre-Retrieval) Soil Vapor Sampling in Trench T-07 at the 218-W-4B Landfill

4 H2.3 Step II (Post-Retrieval) Sampling Results

5 Following retrieval of the TRU, follow-on sampling (Step II) was performed, as discussed in the
6 following subsections.

7 H2.3.1 218-W-4C Landfill
8 Step II sampling for the 218-W-4C Landfill started in October 2007 on Trenches T-04, T-20, T-24, and
9 T-29, following completion of waste retrieval (SGW-37027, Burial Ground Sampling and Analysis

10 Resultsfor October - December 2007). Soil vapor samples were collected from the vadose zone along the
11 edge of the asphalt pad through 84 direct push holes. Samples were collected at a depth between 1.8 m to
12 10.5 m (5.9 to 34.4 ft) below the asphalt pad and screened onsite. Laboratory analysis is not identified in
13 Step II of the SAP and was not performed. Visual inspections, radiological field screening, and records
14 review identified no additional sites for biased soil vapor sampling for Step II.

15 Carbon tetrachloride was detected at low concentrations in all trenches sampled. The highest
16 concentration of carbon tetrachloride was at the east end of Trench T-29 at 3.21 ppmv. The only elevated
17 VOC in Trench T-04 was tetrachloroethylene at 43.06 ppmv. Tetrachloroethylene was not detected in the
18 other three trenches. The highest VOC concentration in Trenches T-20 and T-24 was benzyl chloride with
19 a maximum concentration of 74.24 ppmv and 185.54 ppmv, respectively. The VOC with the highest
20 concentration in Trench T-29 was methane with a maximum concentration of 51.15 ppmv. Step II
21 sampling for Trenches T-04, T-20, T-24, and T-29 at the 218-W-4C Landfill is summarized in Table H-6.
22 Figures H-8, H-10, H-11, and H-12 present locations of elevated COCs. Maximum concentrations of all
23 compounds detected during Step II sampling are provided in Table H-9.

24 Step II sampling for Trenches T-01 and T-07 at the 218-W-4C Landfill began in April 2009, following
25 completion of waste retrieval (SGW-41533, Burial Ground Sampling and Analysis Results for April-June
26 2009). Soil vapor samples were collected from the vadose zone along the edge of the asphalt pad through
27 84 direct push holes. Samples were collected at a depth between 1.8 m to 9.8 m (5.9 to 32.2 ft) below the
28 asphalt pad and screened onsite. Biased sampling locations were collected for laboratory analysis to allow
29 for comparison with field screening and Step I results. As a result of visual inspections, radiological field
30 screening, and records review, biased sampling sites were located adjacent to staining observed on the
31 asphalt pad in Trench T-0 1.
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The maximum level of carbon tetrachloride in Trenches T-01 and T-07 was 2.55 and 2.80 ppmv,
respectively. Tetrachloroethylene was detected in both trenches, with a maximum concentration of
15.25 ppmv in Trench T-07. Step II sampling for the 218-W-4C Landfill Trenches T-01 and T-07 is
summarized in Table H-7. Figures H-7 and H-9 present locations of elevated COCs. Maximum
concentrations of all compounds detected during Step II sampling are provided in Table H-9.

Per statements made in sampling reports (SGW-37027 and SGW-41533), data from the 218-W-4C
Landfill Step II sampling did not indicate hot spots or large concentrations of VOCs. Both reports
suggested that sufficient data were received from Steps I and II; therefore, efforts should be focused on
Step III sampling and analysis requirements.

Table H-6. Frequency, Minimum Concentrations, and Maximum Concentrations of Primary Contaminants of Concern
Detected During Step II Sampling of Trenches T-04, T-20, T-24, and T-29 at 218-W-4C

Number of Times Minimum Maximum Trenches with
Compound Was Detected Detected Detected

Compound Detected Concentration* Concentration Compound

1,1 -dichloroethane 7 1.32 13.89 T-29
(ppmv)

1,1,1-trichloroethane 11 0.37 9.40 T-20, T-24, T-29
(ppmv)

Carbon 65 0.16 3.21 All
Tetrachloroethylene

1,1,2-trichloroethane 13 0.75 8.64 T-20, T-24
(ppmv)

1,2-dichloroethane 10 0.78 3.87 T-20
(ppmv)

Tetrachloroethylene 38 0.69 43.06 T-04
(ppmv)

Methyl Chloride 13 1.01 28.87 T-20, T-24
(ppmv)

Methane 14 7.04 51.15 T-04, T-29

Benzyl Chloride 44 3.16 185.54 T-20, T-24

Trichlorofluormethane 67 0.32 57.59 T-20, T-24
(ppmv)

Note: 208 vapor samples were collected during Step II sampling of Trenches T-04, T-20, T-24, and T-29 at 218-W-4C.

* Detections less than the practical quantitation limits are excluded. Detections reported with a low level of confidence are
included.

ppmv = parts per million by volume
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Table H-7. Frequency, Minimum Concentrations, and Maximum Concentrations of Primary Contaminants of Concern
Detected During Step II Sampling of Trenches T-01 and T-07 at 218-W-4C

Number of Times Maximum Trenches with
Compound Was Minimum Detected Detected Detected

Compound Detected Concentration* Concentration* Compound

1,1-dichlororethane 1 10.29 10.29 T-01

(ppmv)

Carbon 53 0.16 2.80 T-01, T-07
Tetrachloride

Trichloromethane 5 0.011 0.028 T-01
(Chloroform)

(ppmv)

1,1,2-trichloroethane 1 8.64 8.64 T-01

(ppmv)

1,1,1 -trichloroethane 5 0.011 0.029 T-01

(ppmv)

Trichloroethylene 5 0.04 0.12 T-01

(ppmv)

Tetrachloroethylene 37 0.80 15.25 T-01, T-07

(ppmv)

Dichloromethane 1 7.12 7.12 T-01
(Methylene
Chloride) (ppmv)

Note: 230 vapor samples were collected for field screening and lab analysis during Step II sampling of Trenches T-01 and
T-07 at 218-W-4C.

* Detections less than the practical quantitation limit are excluded. Detections reported with a low level of confidence are
included.

ppmv = parts per million by volume

2 H2.4 Next Steps

3 Funding concerns for retrieval of TRU RSW in the 218-W-4C, 218-W-4B, 218-W-3A, and 218-E-12B
4 Landfills halted operations at the end of 2011. Based on a review of M-091 Milestone project
5 management meeting (PMM) minutes, no sampling has been conducted in support of M-091-40,
6 Requirement 2, since the completion of Step II sampling at 218-W-4C in April 2009. Per March 27, 2014
7 PMM minutes, no funding has been identified to retrieve TRU waste or perform sampling and analysis in
8 FY 2014.

9 A description of work was developed in 2010 (SGW-479 10, Description of Workfor the Step III Vapor
10 and Soil Sampling Program at 218-W-4C Burial Ground for the 4, 20, and 27 Trenches) to identify
11 sampling methods for Step III at the 218-W-4C Landfill. Per PMM minutes, a cost estimate for further
12 sampling at 218-W-4C is being developed.
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Figure H-7. Locations and Concentrations of Elevated Contaminants of Concern Detected During Step II
Direct Push Soil Vapor Sampling for Trench T-01 at the 218-W-4C Landfill
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Figure H-8. Locations and Concentrations of Elevated Contaminants of Concern Detected During Step II
Direct Push Soil Vapor Sampling for Trench T-04 at the 218-W-4C Landfill
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Figure H-9. Locations and Concentrations of Elevated Contaminants of Concern Detected During Step II
Direct Push Soil Vapor Sampling for Trench T-07 at the 218-W-4C Landfill
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Figure H-10. Locations and Concentrations of Elevated Contaminants of Concern Detected During Step II
Direct Push Soil Vapor Sampling for Trench T-20 at the 218-W-4C Landfill
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Figure H-11. Locations and Concentrations of Elevated Contaminants of Concern Detected During Step II
Direct Push Soil Vapor Sampling for Trench T-24 at the 218-W-4C Landfill
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Figure H-12. Locations and Concentrations of Elevated Contaminants of Concern Detected During Step II
Direct Push Soil Vapor Sampling for Trench T-29 at the 218-W-4C Landfill
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Table H-8. Maximum Soil Vapor Concentrations for All Compounds Detected During Step I Sampling

Landfill

Compound 218-W-4C 218-E-12B 218-W-3A 218-W-4B

Dichloromethane 4.71 51.2
(Methylene
Chloride) (ppmv)

1,1-dichloroethane 28. 1a
(ppmv)

1,1-dichloroethene 1.6 5.6
(ppmv)

1,2-dichloroethane 0.13 0.62
(ppmv)

Trichloromethane 283 4 155
(Chloroform)
(ppmv)

1,1, 1-trichloroethane 2,337a 18.8
(ppmv)

Carbon 668 36 7,580b
Tetrachloride
(ppmv)

Trichloroethylene 25.5a 13 8.4

(ppmv)

1,1,2-trichloroethane 0.98
(ppmv)

Tetrachloroethylene 1,717a 34 ng/sample' 4,200 124

1,2,4- 30c
trimethylbenzene

Methyl Chloride 186

Acetylene (ppmv) 70

Nitrous Oxide 19
(ppmv)

Carbon Dioxide 5,300 59,800
(ppmv)

Methyl Ethyl Ketone 193
(ppmv)

Dichlorobenzene, m- 171.69
(ppmv)
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Table H-8. Maximum Soil Vapor Concentrations for All Compounds Detected During Step I Sampling

Landfill

Compound 218-W-4C 218-E-12B 218-W-3A 218-W-4B

CFC-113 0.044 73
(1,1,2-trichloro-
1,2,2-
tricluoroethane)
(ppmv)

Epichlorohdrin 118.69

(ppmv)

Tetrahydrofuran 132.4

Vinyl Chloride 77.02

Propane (ppmv) 5.6

Methanol (ppmv) 53

Acetone (ppmv) 86

Toluene (ppmv) 0.63

Ethanol (ppmv) 1.2

a. Exceeds calibration range.

b. Value is considered to be elevated due to instrumentation limitations in differentiating compounds
(e.g., tetrachloroethylene) with similar infrared absorbance peaks. However, carbon tetrachloride was detected in elevated
concentrations in several vent risers.

c. No vent risers were available at 218-E-12B for sampling. Passive sampling was used, and results are given in units of mass,
as provided by the laboratory analytical method.

ppmv = parts per million by volume

Table H-9. Maximum Soil Vapor Concentrations for all Compounds Detected in 218-W-4C Landfill
During Step II Sampling

T-04, T-20, T-24, and T-29 T-01 and T-07
Compound October 2007 April 2009

Dichloromethane 7.12
(Methylene Chlorine) (ppmv)

1,1-dichloroethane (ppmv) 13.89 10.29

1,1,1-trichloroethane (ppmv) 9.40

Carbon Tetrachloride (ppmv) 3.21 2.80

1,1,2-trichloroethane (ppmv) 3.54 8.64

1,2-dichloroethylene (ppmv) 3.87

Tetrachloroethylene (ppmv) 43.06 15.25
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Table H-9. Maximum Soil Vapor Concentrations for all Compounds Detected in 218-W-4C Landfill
During Step II Sampling

T-04, T-20, T-24, and T-29 T-01 and T-07
Compound October 2007 April 2009

Trichloromethane (Chloroform) 0.028

(ppmv)

Methyl Chloride (ppmv) 28.87

Acetylene (ppmv) 27.07

Nitrous Oxide (ppmv) 4.49

Carbon Dioxide (ppmv) 3,061

Toluene (ppmv) 51.11

Methane (ppmv) 51.15

Benzyl Chloride (ppmv) 185.54

Trichlorofluormethane (ppmv) 57.59

Chlorobenzene (ppmv) 5.75

Nitrobenzene (ppmv) 45.50

Phosgene (ppmv) 11.27

Note: Step II sampling was completed in two phases. T-01 and T-07 waste retrieval was not complete; therefore, the trenches
were not available for sampling in October 2007. Data are presented for each of the sampling efforts.

1

2 H3 Characterization of DNAPL at the Hanford Site
3 The following discussion presents a summary of DNAPL at the Hanford Site.

4 H3.1 DNAPL Definition

5 Dense non-aqueous phase liquids (DNAPLs) are single or multicomponent liquids that are denser than
6 water. Although not very soluble in water, many single and multicomponent DNAPLs are soluble enough
7 to present potential risks to human health and the environment. The potential for significant long-term
8 groundwater contamination by DNAPL chemicals at many sites is high due to their toxicity, limited
9 solubility (but much higher than drinking water limits), and significant migration potential in soil gas,

10 groundwater, and/or as a separate phase liquid. Migration and distribution of DNAPLs are highly variable
11 and depend on many factors including, but not limited to, soil media, soil saturation, and other
12 compounds present.

13 H3.2 DNAPL Migration and Distribution

14 DNAPLs migrate through the subsurface under the influence of gravity and capillary effects created in
15 geologic media. Residual saturation has a large effect on DNAPL subsurface behavior. A discharged
16 DNAPL flow through the unsaturated zone is dependent on chemical and physical characteristics of
17 DNAPL in relation to soil gas, soil moisture, soil matrix, gravity, and pressure (ITRC, 2003,
18 An Introduction to Characterizing Sites Contaminated with DNAPLs). As DNAPL moves through the
19 subsurface, small droplets, or ganglia, are left behind in pore spaces as immobile droplets (ITRC, 2003).
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1 Due to their small size and random distribution, DNAPLs are difficult to detect with soil borings and
2 monitoring wells. The variations in pore size distributions, soil texture, soil structure, and mineralogy
3 create a random and unpredictable distribution of ganglia (ITRC, 2003). These ganglia can serve as a
4 long-term source of contamination for surrounding water and air.

5 Continuous source releases will most likely produce a few vertical flow pathways, and ganglia will not
6 form; whereas, small discrete releases will most likely have a different pathway with each release.
7 The formation of ganglia will occur quickly with small discrete releases as the mass of DNAPL decreases
8 quickly, and the driving force of flow is nonexistent. Changes in the subsurface occur with each release
9 and, over time, create a different matrix environment for each discrete release.

10 H3.3 DNAPL Detection

11 Determining the source of contamination, the history of contamination release from the source area, date
12 of release, and what and how much was released is critical to assessing the ultimate behavior and
13 distribution of the contamination. DNAPL behavior varies, depending on what other compounds are
14 present at disposal. It is important to evaluate the site-specific DNAPL to determine all compounds
15 present and specific characteristics (ITRC, 2003).

16 U.S. Environmental Protection Agency DNAPL guidance (EPA, 2014, Contaminated Site Clean-Up
17 Information) suggests using soil gas detection as a method to determine DNAPL presence. Erratic,
18 localized, very high organic vapor concentrations in soil gas (100 to 1,000 ppm), located just above the
19 water table (where dense gas derived from DNAPL in the vadose zone will tend to accumulate), can infer
20 the presence of DNAPL.

21 H3.4 DNAPL Characterization Study at the Hanford Site

22 This section provides a summary of activities performed in an ongoing study at Hanford aimed at
23 determining the presence and location of DNAPL. Characterization efforts are detailed in
24 DOE/RL-2006-58, Carbon Tetrachloride Dense Non-Aqueous Phase Liquid (DNAPL) Source Term
25 Characterization Report.

26 H3.4.1 Overview of Characterization Study
27 A multiphase effort to locate and characterize carbon tetrachloride existing in the subsurface as DNAPL
28 started in 2003. The previous carbon tetrachloride conceptual model (based on the basic physics of
29 DNAPL flow in the subsurface combined with some bounding knowledge of likely release areas and
30 volumes) has been refined to incorporate new data and site-specific knowledge on the DNAPLs and
31 sediments unique to the 200 West Area. Continuous characterization and remediation activities have been
32 used to verify or refocus aspects of the conceptual model.

33 The high cost of conventional baseline characterization methods (i.e., drilling) limited the ability to
34 collect the volume of data typically needed for a more complete DNAPL characterization. The depth
35 requirements and characteristics of the site sediments challenged more innovative methods of subsurface
36 access (e.g., direct penetration). However, field approaches incorporated with preliminary remediation
37 activities and combined with recent laboratory experiments and numerical modeling led to a focused
38 conceptual model with several clear avenues for additional targeted field activities.

39 An interim version of the updated conceptual model was produced as a result of the completed work, with
40 a final model planned upon completion of all work. Two separate revised conceptual models were
41 created: one for 216-Z-9 and a second for 216-Z-1A, as a representative of the other waste disposal sites.

42 To date, only one soil sample collected has been noted as containing DNAPL. The sample was at a depth
43 of 19.8 m (65 ft) in Well 299-W15-46, located just south of the 216-Z-9 slab edge.
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1 H3.4.2 Phase 1
2 During the Phase I investigation in August 2003, 86 passive soil gas samples were collected to gather data
3 concerning the potential location of DNAPL source regions above the Cold Creek unit (CCU) around the
4 216-Z-9 Trench. The Phase I conceptual model hypothesized that the majority of the carbon tetrachloride
5 remains in the vadose zone and resides as DNAPL in the fine-grained unit of the CCU as well as in the
6 fine-grained layers above the CCU (DOE/RL-2006-58). A large amount of process water was co-disposed
7 with carbon tetrachloride, which increased the lateral spreading of the dissolved phase plume. The likely
8 region of carbon tetrachloride DNAPL and dissolved phase plume contamination increased from the
9 vertical footprint of the waste disposal site to several meters outside the site footprint and down in a

10 conical shape to the CCU.

11 H3.4.3 Phase II
12 Phase II began with a series of passive soil gas surveys. Results were used to focus Phase II invasive
13 investigation stages with an emphasis on identifying any remaining DNAPL source term H.

14 H3.4.3.1 Passive Soil Gas Sampling
15 Four progressively more focused passive soil gas surveys were conducted between September 13, 2004
16 and December 24, 2005. Altogether, 503 passive soil gas measurements were collected along pre-defined
17 coarse and refined grids to investigate potential vadose zone sources of carbon tetrachloride
18 contamination in the 200 West Area of the Hanford Site. The surveys collected data around the known
19 carbon tetrachloride waste disposal sites and sources, where no data were currently available, in order to
20 identify areas with high carbon tetrachloride surface flux rates, which are considered indicative of
21 subsurface contaminant sources at or above the CCU. Survey results were primarily used to identify
22 source regions warranting further invasive investigation.

23 Most of the measured high concentrations were determined to be in or around the three known disposal
24 sites. The highest rates were identified in the 216-Z-1A Tile Field. The 216-Z-9 rates are thought to be
25 lower due to substantial evaporation of carbon tetrachloride on the 216-Z-9 disposal rock splash pad and
26 the high removal rate of carbon tetrachloride by SVE operations. It was determined that the possibility of
27 a persistent unknown vadose zone source term within the test area is unlikely. Table H-10 lists the highest
28 carbon tetrachloride flux rates (converted from ng/sample) identified in each area sampled. This is a
29 qualitative flux and is a method used to normalize the measurements from the various field deployments.

Table H-10. Highest Calculated Carbon Tetrachloride Flux Rates Identified in Each Study Area

Carbon Tetrachloride Flux (ng/m 2/mi)

Survey Field Test Location Highest Soil Gas Second Highest Third Highest

216-Z-9 Trench 1,562 1,251 1,120
#1 (Refined)

TX-TY Tank Farm 864 834 233
(Coarse)

Plutonium Finishing 5,956 3,080 357
Plant (Coarse)

#2 216-Z-1A, 216-Z-12,
and 216-Z-18 497 465 432

(Coarse)

#3 Outside TX Tank 12,486 11,333 8,578
Farm (Refined)

#4 216-Z-18 (Refned) 5,742 4,042 3,717

30
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Data suggest that a potential carbon tetrachloride source exists in the subsurface of the eastern and
southwest portion of the TX Tank Farm. Persistent subsurface carbon tetrachloride contamination is
present at specific source locations around the 216-Z-1A Tile Field and PFP complex.

Excluding consideration of carbon tetrachloride, 4 other compounds targeted by the sampling equipment
were identified in 13 of the 503 samples analyzed. The chloroform and chloromethane identified in this
investigation have two possible sources: both compounds are anaerobic degradation products of carbon
tetrachloride, and both would also result from the discharge of chlorinated water to the 200 West Area
power plant pond. Perchloroethene was discharged at 216-Z-9 (WHC-SD-EN-TI-248, Conceptual Model
of the Carbon Tetrachloride Contamination in the 200 West Area at the Hanford Site), and its presence
near the other discharge locations suggests that it was also discharged there (DOE/RL-96-8 1, Waste Site
Groupingfor 200 Areas Soil Investigations). Trichloroethene is a degradation product of perchloroethene
(Table H-1 1). Combining the results of the Phase II passive soil gas surveys with the Phase I conceptual
model, locations were identified where invasive investigation would have the highest probability of
encountering carbon tetrachloride DNAPL. As this effort is ongoing, the final report will address the
effectiveness of passive soil gas surveys in characterizing subsurface contaminant distribution by
comparing passive soil gas survey results with those from the cone penetrometer test (CPT) and ongoing
hydraulic hammer rig investigations.

Table H-11. Analytical Results for the Remaining Targeted Compounds
Concentration Calculated Flux

Survey Field Test Location Compound (ng/trap) Rate (ng/m2l/min)

Trichloroethene 39 140
216-Z-9

Chloromethane 88 319
#1

Perchloroethene 34 124
TX-TY Tank Farms

Chloromethane 110 400

Chloromethane 57 155

Near Plutonium Finishing Chloroform 231 629
Plant Perchloroethene 81 222

#2
Trichloroethene 32 88

216-Z-1A, 216-Z-12, and Perchloroethene 121 327
216-Z-18 Chloromethane 40 110

#3 TX-TY Tank Farms None -- --

Perchloroethene 331 906
216-Z-1A and 216-Z-18

Chloroform 27 77
#4

East of Plutonium Finishing Trichloroethene 75 212
Plant Chloroform 165 467

19 H3.4.3.2 Invasive Investigations
20 The objectives of the invasive investigation were to provide further characterization of the vadose zone
21 down through the top of the CCU and to refine delineation of carbon tetrachloride contamination with an
22 emphasis on identifying any remaining DNAPL source term.

23 Stage 1 CPT Sampling at 216-Z-9

24 From April 2005 to May 2005, a CPT investigation was conducted at the 216-Z-9 Trench and entrance to
25 PFP in areas where passive soil gas sampling detected carbon tetrachloride contamination. To support
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1 efforts to delineate carbon tetrachloride contamination in the vadose zone and locate potential sources,
2 direct push sampling via CPT was used to determine active soil gas concentrations and collect sediment
3 samples for laboratory analysis. Two locations were tested with DNAPL ribbon samplers as a direct test
4 for carbon tetrachloride DNAPL.

5 Fine-grained layers were found in the substrate. The fine-grained layers are significant in controlling
6 downward DNAPL migration and represent zones where DNAPL could be trapped.

7 Active soil gas samples were collected at 1 m (3.3 ft) intervals for each penetration. A minimum vapor
8 concentration of 12,000 ppmv was considered an indication of DNAPL concentrations in the surrounding
9 soil. The samples were analyzed for chloroform and carbon dioxide as potential indicators of the

10 degradation of carbon tetrachloride. Only three samples contained more than 100 ppmv carbon
11 tetrachloride. The highest measured vapor concentrations were located around 216-Z-9 and around and
12 within 216-Z-1A. Results from these tests do not indicate that DNAPL sources exist within the radius of
13 influence (I to 10 m [3.28 to 32.8 ft]) of the measurement point.

14 Laboratory analysis of soil samples identified no carbon tetrachloride or chloroform contamination above
15 the quantitation limits. The results support the hypothesis that carbon tetrachloride contamination in soil
16 is more localized and present in discrete locations.

17 Inspection of the ribbon samplers revealed minor localized staining, which is not considered indicative of
18 direct contact with carbon tetrachloride DNAPL. In order to provide a comparison to the field results,
19 laboratory testing produced staining samples at varying degrees of carbon tetrachloride DNAPL
20 concentrations. The staining noted in the laboratory tests, even at low levels of contamination, was
21 significantly greater than the staining produced on the field-deployed ribbon samplers, supporting a
22 conclusion that carbon tetrachloride DNAPL was not detected.

23 Stage 2 CPT Sampling at 216-Z-1A, 216-Z-18, and 216-Z-12

24 The objectives and work plan for Stage 2 were the same as for Stage 1. Attempts to deploy a ribbon
25 sampler were not successful for Stage 2.

26 Carbon tetrachloride concentrations detected during Stage 2 active soil gas sampling efforts were well
27 below the 12,000 ppmv concentration to determine proximity to carbon tetrachloride DNAPL.
28 Two locations had carbon tetrachloride concentrations greater than 100 ppmv, with a maximum detection
29 of 512 ppmv. Both are located in the 216-Z-1A Tile Field.

30 Laboratory analysis detected no significant chemical contamination. Carbon tetrachloride and chloroform
31 did not exceed quantitation limits. As with Stage 1, CPT did not reach the desired target depths (the CCU
32 layer) at most sampling locations.

33 Stage 3

34 Initiated in June 2006, Stage 3 investigation is designed to collect soil samples from specific fine-grained
35 layers from the CCU layer within the vadose zone adjacent to 216-Z-9 for laboratory analysis of VOCs.
36 A hydraulic hammer rig is used to collect samples from depths that were not attained in the CPT
37 investigation. Results will be documented in a final report.

38 Stages 4 and 5
39 Stages 4 and 5 of the vadose zone investigation are designed to sample and analyze fine-grained soils
40 from the CCU in the area around 216-Z-1A. These two investigations will be conducted in sequence,
41 following the completion of the Stage 3 investigation.
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1 Additional Investigations

2 Soil gas response testing near 216-Z-9 and 216-Z-1A was conducted using established vapor monitoring
3 points in pre-existing vapor wells. Data were evaluated to determine the potential for DNAPL carbon
4 tetrachloride sources within the radius of influence of each test. The testing produced no clear indication
5 of DNAPL source material, but results were supportive of vapor diffusion from the contaminant source
6 associated with the CCU. Two sampling locations produced elevated levels of carbon tetrachloride
7 (205 and 208 ppmv), both of which had increasingly elevated levels as the sampling depth increased.
8 These results are consistent with the conceptual model for carbon tetrachloride trapped in fine-grained
9 layers of the CCU.

10 Vista Engineering conducted thermal and air exchange measurements associated with the 216-Z-9 Trench
11 in order to support the hypothesis of high evaporation rates. Initial data collection began May 2006; all
12 data collection systems were in operation by June 1, 2006. The current intent is to continue data collection
13 to the end of the CY. Data collected are used to help determine the potential for evaporation and measure
14 the natural air exchange occurring within the 216-Z-9 Trench.

15 H3.4.4 Testing for DNAPL in Groundwater
16 Historically, carbon tetrachloride as DNAPL has not been found in any 200 West Area groundwater
17 samples, and the highest carbon tetrachloride concentration found in groundwater is about 1 percent of the
18 carbon tetrachloride solubility limit. Depth-discrete groundwater sampling was conducted from
19 November 2004 to May 2005 in the 20 deepest existing wells around the high concentration portion of the
20 carbon tetrachloride groundwater plume. All of the sampled results were significantly less than the
21 solubility limit of carbon tetrachloride in water, suggesting that no significant quantity of DNAPL exists
22 near well intervals sampled. However, understanding that the likelihood of detecting DNAPL or
23 contaminant concentrations near saturation is low, data are not conclusive regarding the presence or
24 absence of significant DNAPL in the unconfined aquifer.

25 It was hypothesized that if there were a DNAPL source in the unconfined aquifer, it would be in the
26 216-Z-9 Trench area at the very bottom of the aquifer on the top of the Ringold Formation lower mud
27 unit. A well pumping test was designed to detect potentially elevated concentrations of carbon
28 tetrachloride. Testing had not started when the characterization report was written.

29 H3.4.5 Updated Conceptual Model
30 The refined conceptual model is that carbon tetrachloride contamination persists primarily in the vadose
31 zone, but a considerable amount also may be found below the water table, most likely as dissolved phase,
32 with a small probability for DNAPL. Vadose zone contamination exists in the subsurface and, along with
33 a trapped and immobile, high concentration aqueous phase, is the likely main and persistent source of
34 contamination at the site. DNAPL is generally retained in the fine-grained sediments (mostly by capillary
35 forces rather than by sorption onto natural organic matter). The vadose zone sediments containing the
36 majority of the DNAPL are the fines and caliche of the CCU.

37 Other fine-grained layers at shallower depths (particularly under and near the waste disposal sites) also
38 may contain a significant amount of DNAPL. The concept is strongly supported by soil field screening
39 results from the drilling of Well 299-W15-46, located 4.6 m (15 ft) south of 216-Z-9. As documented in
40 WMP-26264, Borehole Summary Report for Well 299-W15-46 (C3426) Drilled at the 216-Z-9 Trench,
41 moist sandy sediments collected at 19.7 m (64.5 ft) below ground surface (bgs), at a contact with a silt
42 layer, tested positive for DNAPL (field screen with aqueous iodine solution). Laboratory analysis of soils
43 collected in the interval between 19.4 and 20.1 m (63.5 and 66.0 ft) bgs showed a carbon tetrachloride
44 concentration of 380,000 pag/kg. This silt layer is not as laterally continuous as the CCU but rather is
45 typical of the thin discrete silt zones found with the heterogeneous Hanford formation, especially the sand
46 and silt dominated units. The presence of these layers is significant both because of the contaminant mass
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1 they may contain and because of the difficulty accessing the contaminant in these zones by SVE or other
2 flow based remediation strategies. An additional potentially important reservoir for carbon tetrachloride is
3 the intragranular pores space in the sands and gravels. Recent experiments have shown that the
4 intraparticle pores comprise a significant fraction of the total porosity of these sediments and may be a
5 large and slow-releasing DNAPL source (Tokunaga et al., 2003, "Moisture Characteristics of Hanford
6 Gravels: Bulk, Grain-surface, and Intragranular Components").

7 Because there are few wells with the short screen interval necessary to identify thin discrete DNAPL
8 zones that could be present at the site, the relatively low aqueous concentrations measured must be placed
9 in perspective. Large screen zones and permeable materials provide substantial dilution capacity, and the

10 resulting low, diluted concentrations can easily bias an interpretation to reject the presence of DNAPL.
11 A key factor supporting the presence of a significant DNAPL source in the unconfined aquifer is the
12 persistence of groundwater concentrations even during the operation of the pump-and-treat system.
13 Conflicting with these lines of evidence are the data from the recent vertical well (299-W15-46),
14 immediately south of 216-Z-9, which found no DNAPL in sediment samples collected below the
15 phreactic surface.

16 The billions of gallons of water from the wastewater disposal facility operations from 1944 to 1995 and
17 the evidence of their influence on the 200 West Area (e.g., shallow perched water zones) provide a
18 mechanism for moving large quantities of carbon tetrachloride into the aquifer without a DNAPL source
19 below the water table. It may also help explain the apparent movement of the center of carbon
20 tetrachloride mass in transition from the vadose zone to the saturated zone.

21 Carbon tetrachloride that was held up in the vadose zone provided the source material for the dissolved
22 phase groundwater plume. Water disposed in the trench and in other nearby disposal sites flushed over the
23 trapped DNAPL and its corresponding dense vapor phase plume, dissolved it, and created a dissolved
24 plume that migrated to the water table. It is not believed that DNAPL reached the aquifer or is a persistent
25 source in the aquifer.
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1 11 Background
2 The 216-T-4 Ponds and Ditches are a system of liquid waste disposal sites that operated from 1944
3 to 1995. The following four separate waste sites are included in the system:

4 e 216-T-4A Pond (also known as 216-T-4-1 Pond), which operated from 1944 to 1972, is in the
5 SW-2 Operable Unit (OU).

6 e 216-T-4-1 Ditch, which fed the 216-T-4A Pond from 1944 to 1972, is in the 200-MG-I OU and is out
7 of the scope of this work plan.

8 e 216-T-4B Pond (also known as 216-T-4-2 Pond), which replaced the 216-T-4A Pond in 1972,
9 operated until 1995. It is in the SW-2 OU.

10 e 216-T-4-2 Ditch, which replaced the 216-T-4-1 Ditch and fed the 216-T-4B Pond from 1972 to 1995,
11 is in the SW-2 OU.

12 12 History

13 Use of the older 216-T-4A Pond (past designations are 216-T-4-1 Pond, 216-T-4-IP, and 216-T-4
14 Swamp) site began in November 1944 with startup of the 221-T Chemical Separations Plant. Wastewater
15 received from the 216-T-4-1 Ditch came through a culvert under the railroad tracks and ran out into a
16 shallow ditch cut through a natural surface depression in the desert floor. Very little vegetation was
17 cleared from the initial site before the pond operated. The water formed an L-shaped shallow pond of
18 approximately 6.5 ha (16 ac) according to the Waste Information Data System (WIDS). The pond
19 received 4.25 billion L (1.12 billion gal) of liquid between November 1944 and May 1972, when it was
20 backfilled. The site is estimated to have contained 24,000 m3 (850,000 ft3) of contaminated soil.

21 In May 1972, a dike and the new 216-T-4B Pond were constructed to prevent surface water from entering
22 the nearby burial trenches in the 218-W-3A Burial Ground. The 216-T-4B Pond was constructed 61 m
23 (200 ft) east of the older 216-T-4A Pond and 140 m (450 ft) east of the 218-W-3A Burial Ground.

24 During February 1973, Trench 27 in Landfill 218-W-2A was dug 5.5 m (18 ft) deep. Contaminated soil,
25 scraped 15 to 22 cm (6 to 9 in.) from the bottom of the older 216-T-4A Pond, was placed in the trench.
26 In 1975, the bottom of the 216-T-4A Pond was seeded with grass to stabilize the surface (BHI-00 178,
27 PUREX Plant Aggregate Area Management Study Technical Baseline Report). Final radiation surveys of
28 the pond bottom were generally less than 200 c/m, with isolated coarse sandy spots, less than 0.6 m (2 ft)
29 in diameter, ranging to a maximum of 400 c/m.

30 The newer 241-T-4B Pond was a 6,100 m 2 (1.5 ac) site ranging from 0.9 to 1.8 m (3 to 6 ft) deep. The pond
31 was fed by the 216-T-4-2 Ditch. It was separated from the older 216-T-4A by an earth dike, 400 m (1,300
32 ft) long with an average height of 0.4 m (1.5 ft).

33 Both the older and newer pond and ditch systems were designed to receive process cooling water from the
34 221-T and 224-T Buildings at T Plant via the 207-T Retention Basin, steam condensate from the 221-T
35 Building, decontamination waste from the 2706-T Low-Level Waste Decontamination Facility, and
36 condenser cooling water from the 242-T Evaporator. These waste streams were fed into the pond system
37 in various combinations over time. However, flow into the ditch after construction of the 216-T-4B Pond
38 and 216-T-4-2 Ditch was low, and the liquid did not reach the pond. The pond has been considered dry
39 since 1977 (BHI-00 178). It was interim stabilized in 1995.

40 Figure 1-1 shows the 216-T-4A Pond as it appeared in the mid-1950s. Figure 1-2 shows the
41 216-T-4B Pond as it appeared in the 1970s. Figure 1-3 shows the stabilized pond as it currently appears.
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1 13 Characterization Data

2 In the early 1990s, six boreholes were installed in the footprint of the former 216-T-4A Pond. The wells
3 installed through the old pond/ditch areas are numbered 299-W10-180 through 299-W10-185.
4 The boreholes were not logged, and no field data were collected. The soil samples were archived and not
5 analyzed (WHC-SD-EN-DP-022, TPlant Geologic and Geophysics Data Package for the 200 Aggregate
6 Area Management Study).

7 Groundwater monitoring data have been collected from wells adjacent to the former 216-T-4A Pond since
8 1988. The boreholes closest to the footprint of the former pond area are A5440 and A5010. Tables 1-1
9 and 1-2 provide the groundwater monitoring data for Wells 299-W1O-21 (A5440) and 299-W7-4 (A5010),

10 respectively.

11 A 2008 to 2010 field investigation activity inserted two direct push technology casings, Boreholes C5762
12 and C5763, in the 216-T-4B Pond. No sample material from these boreholes has been analyzed to date
13 according to WIDS.

14 During interim stabilization, a sample of soil from within the boundaries of the original 216-T-4A Pond
15 was obtained and analyzed. Results are presented in Table 1-3.

16 14 Interim Stabilization

17 Stabilization activities in the field began on the 216-T-4-1 Pond (216-T-4A Pond) and Ditch on
18 February 22, 1995, and were completed on April 5, 1995. Work on the 216-T-4-2 Ditch was delayed until
19 discharge to the ditch was eliminated. Interim stabilization resumed on June 29, 1995, and was completed
20 on July 10, 1995. Isolation of the ditch occurred on August 29, 1995. Revegetation and marker post
21 placement were completed on September 20, 1995 (BHI-00 178).

22 Pre-stabilization activities consisted of mapping the site to establish site boundaries and physically
23 preparing the 216-T-4-2 Ditch for interim stabilization. All trees were sprayed with herbicide to help
24 minimize resprouting after interim stabilization was completed. The trees (maximum diameter was
25 11 cm [4 in.]) were then cut down and left in place.

26 During stabilization, earth moving was performed using standard equipment. Backfill was obtained from
27 the borrow pit located east of the 218-W-4A Landfill. Some of the surface contaminated soils were
28 removed and consolidated in the 216-T-4-2 Ditch. Surface contaminated areas located along the west
29 perimeter of the 216-T-4A Pond were consolidated toward the center of the 216-T-4A Pond area, and the
30 scraped area was successfully decontaminated. Surface soils located along the northeast portion of the
31 pond were also consolidated in the central portion of the pond; this area was not successfully
32 decontaminated. Excavation revealed old vegetation typical of riparian areas, which indicated that
33 excavation was occurring inside the boundaries of the original waste disposal ponds. A soil sample was
34 obtained, and results are provided in Table 1-3.

35 The common zone containing the 216-T-4-1 and 216-T-4-2 Ditches was partially consolidated.
36 Soils located along the southern perimeter of this surface zone were scraped and consolidated over the
37 216-T-4-1 Ditch. An approximate area of 2,000 m2 (0.5 ac) was successfully decontaminated.

38 The remaining area was backfilled with 46 to 61 cm (18 to 24 in.) of uncontaminated soil. Approximately
39 15,300 m3 (22,600 yd3) of soil were placed in the 216-T-4-1 Pond and 216-T-1 and 216-T-4-2 Ditches.
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Table I-1. Groundwater Constituents for Well 299-W10-21 (A5440)

Standard Minimum Minimum Value Maximum
Standard Constituent Units Data Detects Rejects Value Date Value Maximum Value Date

Acetone pxg/L 31 5 0 0.88 03-13-2003 2.4 09-24-2003

Alkalinity pxg/L 21 21 0 84,800 09-09-1996 106,000 09-13-2004

Aluminum pxg/L 30 10 1 7.6 09-19-2001 980 12-15-1993

Antimony pg/l 30 1 0 3.9 03-12-2001 3.9 03-12-2001

Arsenic pxg/L 9 7 0 2 08-12-1994 2.7 08-12-1994

Barium pg/l 30 30 0 28.4 09-13-2004 78 12-15-1993

Beryllium pxg/L 30 8 0 0.18 09-19-2001 0.96 03-17-2004

Beryllium-7 pCi/L 17 1 0 21 12-15-1995 21 12-15-1995

Bromide pg/l 15 1 0 100 03-09-1995 100 03-09-1995

Cadmium pg/l 30 2 0 3.5 05-26-1994 5.7 05-26-1994

Calcium pg/l 30 30 0 58,100 09-13-2004 82,000 03-09-1999

Carbon Disulfide pg/l 31 4 0 0.24 09-13-2004 270 09-09-1996

Carbon Tetrachloride pxg/L 38 37 0 29 03-16-2005 660 09-29-1999

Chloride pg/l 34 34 0 3,200 12-15-1995 16,300 03-17-2004

Chloroform pg/l 38 36 1 2 09-09-1996 28 09-09-1996

Chromium pxg/L 30 30 0 8.3 03-16-2005 69 02-22-1994

Cobalt-60 pCi/L 21 2 0 1.44 08-12-1994 1.55 03-09-1995

Copper pg/l 30 6 0 2.2 09-24-2002 11.6 09-24-2003

0
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Table I-1. Groundwater Constituents for Well 299-W10-21 (A5440)

Standard Minimum Minimum Value Maximum
Standard Constituent Units Data Detects Rejects Value Date Value Maximum Value Date

Delta-BHC pg/L 4 1 0 0.071 12-15-1993 0.071 12-15-1993

Dissolved Oxygen pg/L 8 8 0 8,490 03-13-2002 16,230 03-12-2001

Fluoride pg/L 34 34 0 260 03-16-2005 800 08-12-1994

Gross Alpha pCi/L 25 14 0 1.25 09-08-1997 3 12-15-1993

Gross Beta pCi/L 25 25 0 15.1 03-16-2005 26.3 09-10-1998

Heptachlor pg/L 4 1 0 0.003 08-12-1994 0.003 08-12-1994

lodine-129 pCi/L 16 1 0 0.451 12-14-1994 0.451 12-14-1994

Iron pg/L 30 24 0 12 12-15-1993 1,700 02-22-1994

Lead pg/L 29 5 0 0.6 02-22-1994 1.7 02-22-1994

Magnesium pg/L 30 30 0 19,300 09-13-2004 28,200 03-09-1999

Manganese pg/L 30 27 0 0.74 03-09-1995 30 02-22-1994

Methylene Chloride pg/L 38 6 0 0.079 12-15-1993 22 03-12-1997

Nickel pg/L 30 9 0 4.9 09-19-2001 29.9 03-16-2005

Nitrate pg/L 34 34 0 28,000 12-15-1995 202,000 03-09-1999

Oxidation Reduction mV 8 8 0 146.9 03-12-2001 172.8 03-13-2002
Potential

pH Measurement unitless 113 113 0 6.92 12-15-1993 8.25 09-29-1999

Potassium pg/L 30 29 0 2,230 03-09-1998 5,970 09-09-1996

0
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Table I-1. Groundwater Constituents for Well 299-W10-21 (A5440)

Standard Minimum Minimum Value Maximum
Standard Constituent Units Data Detects Rejects Value Date Value Maximum Value Date

Potassium-40 pCi/L 17 5 0 26.1 03-09-1995 64.4 12-15-1995

Radium pCi/L 4 4 0 0.159 08-12-1994 0.798 12-15-1993

Selenium pg/L 9 7 0 2 08-12-1994 3.2 02-22-1994

Silver pg/L 30 2 0 3 03-13-2003 6.1 09-10-1998

Sodium pxg/L 30 30 0 8,500 05-26-1994 11,700 09-10-1998

Specific Conductance pS/cm 113 112 1 463 03-09-1998 701 03-09-1999

Strontium pg/L 21 21 0 255 09-13-2004 369 09-10-1998

Sulfate pxg/L 34 34 0 21,000 12-15-1995 48,000 12-06-1996

Technetium-99 pCi/L 28 28 0 43.6 03-16-2005 91.1 09-11-1995

Tetrachloroethene pg/L 37 13 0 0.13 02-22-1994 0.66 09-13-2004

Tin pg/L 12 3 0 25 08-12-1994 85 05-26-1994

Toluene pg/L 38 3 0 2 09-09-1996 21 09-09-1996

Total Dissolved Solids pg/L 21 21 0 374,000 12-06-1996 609,000 09-10-1998

Total Halogens (All) pg/L 6 6 0 304 12-06-1996 416 09-09-1996

Total Organic Carbon pg/L 111 76 0 200 09-11-1995 878 03-09-1999

Total Organic Halides pg/L 105 102 2 16.4 03-16-2005 504 03-09-1999

Trichloroethene pg/L 38 32 1 0.53 03-16-2005 7.2 09-11-1995

Tritium pCi/L 34 34 0 497 09-13-2004 2,050 03-09-1999

_
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Table I-1. Groundwater Constituents for Well 299-W10-21 (A5440)

Standard Minimum Minimum Value Maximum
Standard Constituent Units Data Detects Rejects Value Date Value Maximum Value Date

Turbidity NTU 61 61 0 0.21 03-09-1999 21 02-22-1994

Uranium pg/L 8 8 0 1.86 09-13-2004 2.14 03-13-2003

Vanadium pg/L 30 30 0 12 12-15-1993 40.7 09-24-2002

Zinc pg/L 30 20 0 2.5 03-09-1998 64 12-15-1993

Note: Nondetected constituents are not included in this table. The entire data set, including nondetected constituents, may be viewed in the Hanford Environmental Information
System database.

1

Table 1-2. Groundwater Constituents for Well 299-W7-4 (A5010)

Minimum Minimum Value Maximum
Constituent Units Data Detects Rejects Value Date Value Maximum Value Date

1,1,1-Trichloroethane pg/L 47 3 1 0.19 04-20-2007 8 03-22-1989

1,4-Dichlorobenzene pg/L 53 1 1 10 03-11-1998 10 03-11-1998

2,4-Dinitrophenol pg/L 26 1 1 0.83 03-11-1998 0.83 03-11-1998

4,6-Dinitro-2-methylphenol pg/L 26 1 1 1.1 03-11-1998 1.1 03-11-1998

Acetone pg/L 36 6 1 0.79 03-23-2006 140 03-11-1998

Alkalinity pg/L 25 25 0 86,000 09-30-2002 116,000 03-22-2002

Alpha pCi/L 5 3 0 1.87 05-08-1990 2.65 07-24-1989

Aluminum pg/L 48 5 3 17.2 09-20-2001 160 05-18-1993

Americium-241 pCi/L 9 3 0 0.00402 02-03-1992 0.0128 01-24-1990
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Table 1-2. Groundwater Constituents for Well 299-W7-4 (A5010)

Minimum Minimum Value Maximum
Constituent Units Data Detects Rejects Value Date Value Maximum Value Date

AmmoniumIon pxg/L 17 4 0 40 08-11-1993 100 05-18-1993

Antimony pxg/L 68 1 1 4.1 03-13-2001 4.1 03-13-2001

Antimony-125 pCi/L 7 2 0 4.39 08-12-1991 11.4 08-07-1992

Arsenic pxg/L 31 7 0 2 05-18-1993 4.4 12-03-1993

Barium pxg/L 68 67 1 30 05-18-1993 169 05-16-2011

Beryllium pg/L 68 5 1 0.41 09-11-1997 0.95 03-17-2004

Beryllium-7 pCi/L 3 1 0 10.9 08-12-1991 10.9 08-12-1991

Boron pxg/L 8 7 0 11 09-13-1989 14 01-19-1990

Bromide pxg/L 22 3 0 90 02-23-1994 110 03-08-1996

Cadmium pg/L 68 3 1 2 09-12-1995 3 09-16-1996

Calcium pxg/L 68 67 1 43,300 05-16-2011 65,900 05-16-2011

Carbon Tetrachloride pxg/L 47 44 1 63 04-20-2007 740 08-11-1993

Cesium-137 pCi/L 15 4 0 2.32 02-03-1992 6.04 05-08-1992

Chloride pxg/L 48 48 0 15,800 10-03-1988 23,100 10-26-2006

Chloroform pxg/L 47 43 1 1.9 09-24-2007 9 03-11-1998

Chromium pxg/L 68 52 3 4.1 10-05-2005 230 05-18-1993

Cobalt pg/L 62 4 1 3.3 09-15-1998 12 05-16-2011
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Table 1-2. Groundwater Constituents for Well 299-W7-4 (A5010)

Minimum Minimum Value Maximum
Constituent Units Data Detects Rejects Value Date Value Maximum Value Date

Cobalt-60 pCi/L 15 3 0 1.05 08-12-1991 10 11-13-1991

Copper pg/L 68 9 1 1.1 03-18-2005 90 05-16-2011

Dissolved Oxygen pg/L 21 21 0 8,870 09-20-2001 9,950 04-20-2007

Europium-155 pCi/L 3 1 0 3.64 08-12-1991 3.64 08-12-1991

Fluoride pg/L 48 40 0 177 05-16-2011 900 11-13-1991

Gross Alpha pCi/L 38 23 0 0.555 11-13-1991 3.19 08-07-1992

Gross Beta pCi/L 43 43 0 5.62 05-08-1992 22.1 03-12-1997

Hexavalent Chromium pg/L 2 1 0 5.62 10-15-2004 5.62 10-15-2004

lodine-129 pCi/L 14 1 0 0.424 02-23-1994 0.424 02-23-1994

Iron pg/L 68 51 1 15 05-18-1993 8,990 05-16-2011

Lead pxg/L 63 10 0 0.6 08-11-1993 6 05-08-1992

Magnesium pxg/L 68 67 1 14,000 09-24-2007 22,100 12-29-1988

Manganese pxg/L 68 31 1 0.61 03-18-2005 590 05-16-2011

Methylene Chloride pxg/L 47 12 1 0.17 12-03-1993 42 03-11-1998

Nitrate pxg/L 48 48 0 25,500 05-16-2011 106,000 09-16-1996

Nitrite pg/L 44 1 1 219 05-16-2011 219 05-16-2011

Oxidation Reduction mV 12 12 0 145 09-20-2001 218.1 03-22-2002
Potential
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Table 1-2. Groundwater Constituents for Well 299-W7-4 (A5010)

Minimum Minimum Value Maximum
Constituent Units Data Detects Rejects Value Date Value Maximum Value Date

Phenol pxg/L 49 1 2 3 02-04-1993 3 02-04-1993

Phosphorus pg/l 1 1 0 39.1 10-15-2004 39.1 10-15-2004

Plutonium-239/240 pCi/L 10 2 0 0.00101 08-12-1991 0.00736 02-03-1992

Potassium pg/l 68 62 1 2,600 12-03-1993 5,630 09-16-1996

Radium pCi/L 19 8 0 0.00146 08-07-1992 0.363 09-13-1989

Selenium pxg/L 36 7 0 2 08-11-1993 5 10-03-1988

Silicon pxg/L 8 8 0 15,700 03-22-1989 17,400 09-13-1989

Silver pg/l 68 3 1 3 12-03-1993 16.4 09-24-2007

Sodium pxg/L 68 67 1 6,880 09-24-2007 11,000 09-16-1996

Specific Conductance pS/cm 186 186 0 277 10-03-1988 532 03-14-1995

Strontium pxg/L 42 42 0 167 09-24-2007 287 05-16-2011

Sulfate pxg/L 48 48 0 28,200 04-20-2007 37,600 10-10-2000

Technetium-99 pCi/L 26 26 0 7.3 05-16-2011 81.2 12-29-1988

Tetrachloroethene pxg/L 47 14 1 0.18 03-08-1996 0.6 03-14-1995

Tin pg/l 36 1 1 51 09-12-1995 51 09-12-1995

Toluene pxg/L 45 1 1 0.054 03-08-1996 0.054 03-08-1996

Total Carbon pg/l 11 11 0 21,600 12-29-1988 26,000 05-08-1992
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Table 1-2. Groundwater Constituents for Well 299-W7-4 (A5010)

Minimum Minimum Value Maximum
Constituent Units Data Detects Rejects Value Date Value Maximum Value Date

Total Halogens (All) pg/L 4 4 0 357 09-16-1996 480 09-16-1996

Total Organic Carbon pg/L 151 49 2 120 09-20-2001 730 10-05-2005

Total Organic Halides pg/L 151 142 9 31.2 04-20-2007 1,540 07-24-1989

Trichloroethene pg/L 46 26 1 0.45 04-20-2007 3.5 09-12-1995

Tritium pCi/L 46 26 0 283 03-22-1989 850 10-03-1988

Turbidity NTU 82 78 4 0.09 03-15-1999 304 05-16-2011

Uranium pCi/L 7 7 0 1.02 05-08-1990 1.61 12-29-1988

Uranium pg/L 25 25 0 0.224 05-18-1993 4.11 08-12-1991

Vanadium pg/L 68 54 1 11 08-11-1993 56 05-16-2011

Zinc pg/L 68 42 1 1.6 12-03-1993 8,600 05-16-2011

Zinc-65 pCi/L 1 1 0 6.11 08-12-1991 6.11 08-12-1991

Zirconium/Niobium-95 pCi/L 1 1 0 8.84 08-12-1991 8.84 08-12-1991

Note: Nondetected constituents are not included in this table. The entire data set, including nondetected constituents, may be viewed in the Hanford Environmental Information
System database.
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1 Table 1-3. Soil Sample Results for 216-T-4 Pond Bottoms during Interim Stabilization (Analyzed for Radionuclides Only in April 1995)

Customer/Environmental Analytical Gross Radionuclide Soil Gamma-Ray Energy Analysis Soil
Laboratory Identification Screening Passed/Failed Screening? Screening Report

T4 100 1S/EAL00273 Strontium-90, 1.7 pCi/g Failed K-40, 6.2E+01 pCi/g

Cs-137. 1/8E+02 pCi/g

T4 100 2S/EAL00273 Not screened Not screened Cs-137, 2.6E+02 pCi/g

T4 100 1N/EAL00272 Strontium-90, 12 pCi/g Failed K-40, 6.2E+01 pCi/g

Cs-137, 1.8E+02 pCi/g

Note: A passed screen indicates that the soil sample contained less than 200 pCi/g total radioactivity of which less than 20 pCi/g is from alpha emitting radionuclides. For
conservatism, a failed screen may also have one or more of the following characteristics: the sum of the total gamma activity detected in the soil is above 5 pCi/g; beta emission
from the bulk sample is found above the natural Hanford Site soil background (corresponding to approximately 5 pCi/g of strontium-90 or 100 pCi/g of technetium-99); or alpha
emission from the bulk soil is found above the natural Hanford Site soil background (corresponding to approximately 10 pCi/g of Am-24 1). Naturally occurring radionuclides
common to Hanford Site soil, tritium, and carbon-14 are not included in the screening measurement.

Analyzed and not detected are Be-7, Co-57, Co-60, Ru/Rh-106, Sb-125, 1-129, Cs-134, Cs-137, Ce-144, Eu-152, Eu-154, Eu-155, Th-232 daughters, U-235, U-238, U-238
daughters, Np-237, Pu-239, Pu-240, and Am-24 1.
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2 Figure I-1. 216-T-4A in Background, Right (East) Side of Photo, Looking North from the South End of 218-W-2A (Photo Undated, Probably 1954)
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Figure 1-2. 1975 Photo Showing 216-T4B Pond and 216-T-4-2 Ditch with Liquid
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J1 Systematic Planning for 200-SW-2 OU Landfill Characterization

A data quality objectives (DQOs) workshop was conducted on August 22, 2014, to support design of a
sampling and analysis plan (SAP) for the 200-SW-2 Landfills Operable Unit (OU). The following
sections of this appendix summarize the output of the DQO process. This document was prepared
collaboratively with the U.S. Department of Energy Richland Operations Office, Washington State
Department of Ecology, and CH2M HILL Plateau Remediation Company (CHPRC) and represents
tentatively agreed to DQOs for the 200-SW-2 OU. Further refinement of the DQOs may be made.

J2 Step 1: State the Problem

Summary: The problem statement is created to define the issues that require new environmental data
clearly, so the focus of the study will be distinct and unambiguous. Pertinent information from similar
studies and assumptions should be organized, reviewed, identified, evaluated, and documented.

1. Give a concise description of the problem

2. Identify planning team

3. Develop conceptual site models (CSMs)

4. Determine resources

Outputs of Step 1

Documentation of the four elements listed above

J2.1 200-SW-2 OU Problem Statement

1. Is there an unacceptable risk to human health and the environment (HHE) posed by the waste in the
200-SW-2 OU landfills?

2. Are there complete pathways to HHE?

3. Collect data to support the RCRA field investigation (RFI)/corrective measures study
(CMS)/remedial investigation (RI)/feasibility study (FS) and eventual selection of a remedial action
alternative(s).

4. Collect sufficient data to support evaluation of the long-term effects of leaving the waste in place.

J2.2 Planning Team

The 200-SW-2 OU planning team is outlined in Table J-1.

Table J-1. 200-SW-2 Operable Unit Planning Team

Name Organization Role

Doug Hildebrand* DOE-RL DOE Project Manager

Phil Burke* CHPRC Operable Unit Lead

Chris Haas* TerraGraphics Work Plan Support

Nancy Welliver TerraGraphics Work Plan Support

Evan Griffiths* CH2M HILL Work Plan Document Lead

Ed Kilduff CH2M HILL Work Plan Support
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Table J-1. 200-SW-2 Operable Unit Planning Team

Name Organization

Deborah Singleton* WSDOE Ecology

Elis Eberlein* WSDOE Ecology

Steve Lowe* WSDOE Ecology

Janice Horton* CH2M HILL Work P1

Jessica Ni* CHPRC Work P1

Leland Scantlebury* CHPRC Work P1

*Workshop participant

DOE (RL) = U.S. Department of Energy (Richland Operations Office)

CHPRC = CH2M HILL Plateau Remediation Company

WSDOE = Washington State Department of Ecology

Project Manager

Support

Support

an Support

an Support

an Support

J2.3 Conceptual Site Models

As presented in Appendix D of this work plan, CSMs for each of the landfills also will be refined
following the collection of additional field data.

J2.4 Resources

* Historical records research (e.g., logbooks and burial records)

* Direct push sampling data

* Groundwater monitoring data

* Personnel interviews

* Active and passive soil gas sampling data

* Geophysical surveys (e.g., frequency domain electromagnetic induction (EMI), total magnetic
field/vertical magnetic gradient, ground penetrating radar (GPR), and time-domain electromagnetics)

* Radiological surveys

* Historical and aerial photos

* Light detection and ranging (LIDAR) surveys

* M-091 Project sample data

* Hanford Site as-built drawings (e.g., H-2 drawings)

* Unplanned releases (UPRs) and ponds characterization data

* Facility process knowledge (i.e., plutonium-uranium extraction [PUREX], B Plant, and reduction

oxidation [REDOX] processes)
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J3 Step 2: Identify the Goals of the Study

Summary: Identify the question(s) that the study will address and alternative actions or outcomes that
may result based on the results. Define the decision that will be resolved using the data collected to
address the problem.

1. Identify principal study question(s) (PSQs)
2. Consider alternative actions
3. For decision problems, develop decision statement(s)
4. For estimation problems, state what needs to be estimated and key assumptions

Outputs of Step 2

* Well-defined PSQs

* A listing of alternative actions as a result of addressing the PSQs

* For decision problems, a list of decision statements that address the study question

* For estimation problems, a list of estimation statements that address the study question

J3.1 200-SW-2 Principal Study Questions

In addition to the PSQs presented in Table 2-2 of D&D-27257, Data Quality Objectives Summary Report
for Nonintrusive Characterization of Bin 3A and Bin 3B Waste Sites in the 200-SW-2 Operable Unit,
the following PSQs also will be addressed:

1. What data are required to support evaluation of risk, pathways, and development of remedial action
alternatives?

2. Were enough data collected to support the RFI/CMS/RI/FS and selection of remedial action
alternatives?

3. Were enough data collected to evaluate whether buried waste presents a long-term effect on HHE?

J3.2 Alternative Actions

1. The design of the RFI/RI characterization approach was sufficient to support evaluation of risk,
pathways, and development of remedial action alternatives, or the design of the RFI/RI

characterization approach did not provide sufficient data and additional data will need to be collected.

2. Enough data were collected to support the RFI/CMS/RI/FS and select remedial action alternatives, or

additional data will need to be collected.

3. Enough data were collected to support evaluation of leaving the waste in place, or additional data will

need to be collected.

J3.3 Decision Statements

1. Collect additional data to evaluate risk, pathways, and remedial alternatives.

2. Develop and select alternatives to break the complete pathways that create excess risk.

3. Develop and select alternatives that minimize or reduce long-term effects on HHE above acceptable

risk levels.
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J4 Step 3: Identify Information Inputs

Summary: The third step of the DQO process is to identify information inputs needed to support the
decision statements and to specify which inputs will require environmental measurements.

1. Identify types and sources of information needed to produce estimates or resolve decisions.

2. Identify the basis of information that will guide or support choices to be made in later steps of the
DQO process.

3. Select appropriate sampling and analysis methods for generating the information.

Outputs of Step 3

* Potential sources for environmental characteristics that will resolve the decision or estimate

* Number of variables needed

* Information needed to meet performance or acceptance criteria

* Performance of appropriate sampling and analysis methods

J4.1 200-SW-2 OU Input

The inputs (contaminants of potential concern [COPCs] and other site specific data) to the DQO
processes are described below.

J4.1.1 Contaminants of Potential Concern
A set of radiological and organic COPCs that may be present in the 200-SW-2 OU landfills was
developed based on the following documents:

* 200 Areas plant operations as identified in various DQO documents for the 200 Areas OUs, including
the 200-CW-1, 200-CS-1, 200-CW-5, 200-LW-1, 200-LW-2, 200-MW-1, 200-PW-1, 200-PW-2,
200-PW-4, 200-TW-1, and 200-TW-2 OUs

* The ecological risk assessment DQOs for the 200 Areas (WMP-20570, Central Plateau Terrestrial
Ecological Risk Assessment Data Quality Objectives Summary Report - Phase I; WMP-25493,
Central Plateau Terrestrial Ecological Risk Assessment Data Quality Objectives Summary
Report-Phase II); WMP-29253, Central Plateau Terrestrial Ecological Risk Assessment Data Quality
Objectives Summary Report - Phase III

* DOE/RL-98-28, 200 Areas Remedial Investigation/Feasibility Study Implementation
Plan - Environmental Restoration Program

In order to ensure that contaminants from waste from other Hanford areas (such as the 100 and
300 Areas) and offsite are represented, the COPC input list also included potential contaminants listed in
the following information sources:

* Nonradiological constituents in containers with a "dangerous waste" flag set in the Solid Waste
Information Tracking System (SWITS) for landfills that are within scope

* Radiological constituents listed in all containers in SWITS for in-scope landfills

* Nonradiological constituents listed in WAC 173-340-900, Table 749-3 ("Ecological Indicator Soil
Concentrations (mg/kg) for Protection of Terrestrial Plants and Animals")
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The COPC input list consisted of over 800 potential contaminants. Radionuclides were eliminated from
the list if they had short half-lives, were naturally occurring, or were produced only in minute quantities.
Chemicals were eliminated if they were used in minute quantities, were nonhazardous, or are unable to
exist in conditions in the landfills (i.e., exist in a gaseous state, or naturally degrade very quickly.)
The COPC list is presented in Table J-2.

Table J-2. 200-SW-2 Operable Unit Landfills Contaminant of Potential Concern List

Radionuclides

24 1Am 244 Cm 191 2924Pu 228Th 3H

IC 12Eu 63Ni 79Se 230Th 2334u

137CS 54Eu 237Np 90Sr 232Th 25u
60Co 55Eu 238 Pu 99Tc 234Th 28u
24 3 Cm

Metals

Aluminum - Al Boron - B Lithium - Li Silver - Ag

Antimony - Sb Cadmium - Cd Manganese - Mn Strontium - Sr

Arsenic - As Chromium - Cr Mercury - Hg Thallium - Tl

Barium - Ba Cobalt - Co Molybdenum - Mo Uranium - U

Beryllium - Be Copper - Cu Nickel - Ni Vanadium - V

Bismuth - Bi Lead - Pb Selenium - Se Zinc - Zn

Anions

Fluoride - F- Nitrate - NO3- Sulfate - S042- Phosphate - P043-

Nitrite - NO2- Chloride - Cl- Bromide - Br-

Other

Ammonium - NH 41 (pH also to be measured) Asbestos Kerosene

Cyanide - CN-

Volatile Organics

1,1,1 -Trichloroethane 2-Nitropropane cis- 1,2- Tetrachloroethene

1,1,2,2-Tetrachloroethane 4-Methyl-2-pentanone Dichloroethene Toluene

1,1,1,2-Tetrachloroethane Acetone Diethyl Ether trans-1,2-

1,1,2-Trichloro- 1,2,2- Acetonitrile Ethyl Acetate Dichloroethene

trifluoroethane Benzene Ethylbenzene trans-1,3-

1,1,2-Trichloroethane Carbon Disulfide Isobutanol Dichloropropene

1,1 -Dichloroethene Carbon Tetrachloride Methanol Trichloroethene

1,1 -Dichloroethane Chlorobenzene Methylene Chloride Trichlorofluoromethane

1,2-Dichloroethane Chloroform n-Butyl Alcohol Vinyl Chloride

2-Butanone (1 -butanol) Xylenes (Total)
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Table J-2. 200-SW-2 Operable Unit Landfills Contaminant of Potential Concern List

Semivolatile Organics

1,2,4-Trichlorobenzene

2,4,5-Trichlorophenol

2,4,6-Trichlorophenol

2,4-Dinitrotoluene

2-Chlorophenol

2-Ethoxyethanol

2-Methylphenol (o-
cresol)

3+4-Methylphenol (m+p-
cresol)

4-Chloro-3 -methylphenol
(p-Chloro-m-cresol)

Acenaphthene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Bis(2-
ethylhexyl)phthalate

Butylbenzylphthalate

Chrysene

Cyclohexanone

Di-n-octylphthalate

Fluoranthene

Hexachlorobenzene

Hexachlorobutadiene

Di-n-butylphthalate
Dibenz(a,h)anthrace
ne

Hexachloroethane

Indeno(1,2,3-d)pyrene

Nitrobenzene

N-nitroso-di-n-
propylamine

Naphthalene

n-Nitrosomorpholine

o-Dichlorobenzene

o-Nitrophenol

Pentachlorophenol

Pyrene

Pyridine

Tributyl Phosphate

Pesticides

Aldrin Alpha-BHC Gamma-BHC Endrin

4-4'-DDT Beta-BHC (Lindane) Heptachlor

4-4'-DDD Delta-BHC Chlordane Heptachlor Epoxide

4-4'-DDE Dieldrin

Aroclors (Polychlorinated Biphenyls)

Aroclor 1016 Aroclor 1232 Aroclor 1248 Aroclor 1260

Aroclor 1221 Aroclor 1242 Aroclor 1254

J4.1.2 Other Data Inputs
* Historical records research (logbooks and burial records)

* Direct push sampling data

* Groundwater monitoring data

* Personnel interviews

* Active and passive soil gas sampling data

* Geophysical surveys (e.g., frequency domain EMI, total magnetic field/vertical magnetic gradient,
GPR, and time-domain electromagnetics)

* Radiological surveys

* Historical and aerial photos

* LIDAR surveys

* M-091 Project sample data
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* Hanford Site as-built drawings (e.g., H-2 drawings)

* UPRs and ponds characterization data

* Facility process knowledge (i.e., PUREX, B Plant, REDOX processes)

J4.2 Field Approach and Sampling and Analysis Methods

* Direct push borings will be installed to 18.28 m (60 ft). The proposed locations for the pushes are
shown Appendix A. Soil and soil gas samples will be collected every 1.5 m (5 ft). Soil samples will
be analyzed for COPCs, Soil gas samples will analyzed for volatile organic compounds (VOCs).

* Horizontal borings will be drilled in the vadose zone under targeted landfills shown in Appendix A.
The borings will extend approximately 152.4 to 182.9 m (500 to 600 ft) laterally under one or more
landfills. Samples will be collected at a minimum under each trench. Opportunistic samples will be
collected during boring, as necessary.

* Soil gas samples (passive and active) will be collected. Passive soil gas samples will be collected
from specific landfills not previously investigated (see Appendix A). Where there are passive soil gas
hits (>1,000 ng), active soil gas samples will be collected. As described elsewhere in the SAP, prior
to collecting active soil gas samples, additional passive soil gas samples will be collected in a stepped
out manner to confirm the location of high passive soil gas prior to collecting active soil gas samples.

* Test pit excavations will be conducted in selected landfills. Two test pits will be excavated: one will
be selected at random, and the second will be a focused test pit; the location will be based on
historical knowledge about the landfill. The focused location will be performed to confirm landfill
contents, which is based on historical knowledge.

* Baseline geophysical methods will be used to detect subsurface anomalies and landfill boundaries
for those landfills not previously investigated.

* Advanced geophysical methods will be used to detect subsurface anomalies, classify potential
pathways, and identify releases into the vadose zone. Resistivity instrumentation will remain in place
in the subsurface for long-term monitoring. Advanced geophysical methods will be used on targeted
landfills as listed in Appendix A.

* Samples will be analyzed for COPCs, and analytical methods will meet the required detection limits.

The analytical methods used for each of the sampling methods are presented in Appendix A.

J5 Step 4: Define the Boundaries of the Study

Summary: Define the specific spatial and temporal boundaries that are included in the decision.

1. Define the target population of interest and its relevant spatial boundaries.

2. Define what constitutes a sampling unit.

3. Specify temporal boundaries and other practical constraints associated with data collection.

4. Specify the smallest unit on which decisions or estimates will be made.

Outputs of Step 4

* Definition of the target population with detailed descriptions of geographic limits (spatial boundaries)
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* Detailed descriptions of what constitutes a sampling unit

* Time frame appropriate for collecting data and making the decision or estimate, together with those
practical constraints that may interfere with data collection

* The appropriate scale for decision making or estimation

J5.1 Target Population and Spatial Boundaries

* Target population refers to the landfill contents (large metallic objects, liquid organics, and
radioactive materials)

* Borders and bottom of landfill trenches

* Vadose zone beneath the landfills (below the trench bottom)

* Soil gas within the landfill and within the vadose zone

* Groundwater beneath the landfills

J5.2 Temporal Boundaries

* Characterization activities are subject to congressional approval for funding.

* Characterization will be conducted in two phases. The first phase will be reconnaissance to focus
Phase II efforts. Phase II characterization will satisfy the data needs for the RFI/CMS/RI/FS.

- Phase I - nonintrusive characterization activities

- Passive soil gas sampling
- Baseline geophysical investigations
- Advanced geophysical investigations
- Aerial radiological surveys

- Phase II - intrusive characterization activities

- Direct pushes
- Horizontal borings
- Soil sampling
- Test pit excavations
- Active soil gas sampling

* Characterization efforts may be affected by seasonal weather changes.

* Collection of organic vapors is most effective if collection units are left in place for at least 3 days to
take advantage of daily changes in barometric pressure.

* Precipitation events are not likely to affect organic sampling unless the soil becomes saturated to the
point that vapor cannot pass through the soil.

* Geophysical surveys should be avoided during times of snow accumulation.

J5.3 Decision Units

* The smallest decision unit is a landfill trench.

* The typical decision unit is the landfill itself.
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J5.4 Practical Constraints

* Field screening techniques may not allow analysis of all contaminants of concern within remedial
action levels.

* Nonintrusive investigation techniques have limitations that may prevent their use at certain waste
sites and with particular analytes.

* Soil matrices may render data meaningless for certain nonintrusive survey techniques (e.g., GPR is
affected by the reflection from fly ash that was used for surface stabilization on some trenches/landfills).

* Contamination transferred as a result of biological activities may be indistinguishable from buried
waste without further investigation.

* Shielding provided by the soil cover can limit the usefulness of some nonintrusive methods, because
results may be skewed by the type and quantity of cover present.

* Soil vapor can migrate laterally and vertically within the vadose zone. Barometric pumping also may
affect soil vapor sample collection. Soil vapor sampling may produce false negative results or
transient results. The known carbon tetrachloride plume in the 200 West Area might confound the
nonintrusive measurements in that area.

* High radiation activity areas pose a threat to worker safety.

* There are limits on how deep direct pushes can go and they may encounter rocks causing rejection.

* Topography and graded surfaces may constrain sampling/surveying locations.

* Access to sites may be constrained for issues such as worker health and safety, security restrictions,
cultural, and/or infrastructure intrusion. No walk and no drive zones are known to exist in the
200-SW-2 OU landfills.

* Overlapping project work may limit access to some locations.

* The potential for collapse of burial boxes or nonstandard containers may restrict worker and

equipment access.

J6 Step 5: Develop the Decision Rule

Summary: Integrate the outputs from the previous steps into a statement(s) that describes the logical
basis to select amongst the alternative actions. This includes specifying the population parameter
(e.g., mean, percentile), determining the action level, and constructing the decision rule. A decision rule
is determined for each PSQ.

1. Specify appropriate population parameters for making decisions or estimates.

2. For decision problems, choose a workable action level and generate an "If... then... else" decision
rule.

3. For estimation problems, specify the estimator and the estimation procedure.

Outputs of Step 5

* Identification of the population parameters most relevant for making inferences and conclusions on
the target population
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* For decision problems, the "if..., then...else..." theoretical decision rule based upon a chosen Action
Level

* For estimation problems, the specification of the estimator to be used

J6.1 200-SW-2 OU Parameters of Interest

* Presence of COPCs in the vadose zone beneath and adjacent to each landfill

* Comparison of observations to CSMs

J6.2 200-SW-2 OU Decision Rules

Principal Study Question

1 What data are required to support evaluation of
risk, pathways, and development of remedial
action alternatives?

2 Was enough data collected to support the
RFI/CMS/RI/FS and selection of remedial action
alternatives?

3 Was enough data collected to evaluate whether
buried waste presents a long-term effect on
HHE?

Decision Rule

If the design of the RFI/CMS/RI/FS
characterization approach was sufficient to support
evaluation of risk, pathways, and development of
remedial action alternatives, then perform the
evaluation of risk and select the appropriate
alternative; otherwise additional data will need to
be collected.
If enough data were collected to support the
RFI/CMS/RI/FS and select remedial action
alternatives, then select the appropriate alternative;
otherwise, additional data will need to be collected.
If enough data were collected to evaluate whether
buried waste presents a long-term effect on HHE,
then select the appropriate alternative; otherwise
additional data will need to be collected.

HHE = human health and the environment

RFI/CMS/RI/FS = RCRA field investigation/corrective measures study/remedial investigation/feasibility
study

J7 Step 6: Specify Performance or Acceptance Criteria

Summary: Define how much uncertainty can be tolerated when making the decision of interest and
establish appropriate performance goals for limiting uncertainty in the data. The guidance document says
this is where you 'face the reality that you will not have perfect information from which toformulateyour
conclusions." Discuss severity of consequences of making wrong decisions.

1. For decision problems, specify the decision rule as a statistical hypothesis test, examine consequences
of making incorrect decisions from the test, and place acceptable limits on the likelihood of making
decision errors.

2. For estimation problems, specify acceptable limits on estimation uncertainty.

Output of Step 6

* A set of performance or acceptance criteria (i.e., DQOs) that your collected data should achieve in
order to minimize the possibility of either making a decision error or failing to keep uncertainty in
estimates to within acceptable levels
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J7.1 200-SW-2 OU Sampling Design Criteria

Traditional statistical sample designs are not typically suitable for investigating landfills. Sampling design
will be judgmental. Criteria for evaluating the data with respect to PSQs will employ both statistical and
nonstatistical methods.

J7.2 Decision Errors and Mitigating Measures

The following text describes possible errors for each of the major decision rules. The sources of errors
that lead to those decision errors, and factors to mitigate them, are listed in Table J-3.

Decision Rule 1: If the design of the RFI/CMS/RI/FS characterization approach were sufficient to
support evaluation of risk, pathways, and development of remedial action alternatives, then perform the
evaluation of risk and select the appropriate alternative; otherwise additional data will need to be
collected.

Decision Error 1: Additional characterization may be required to develop adequate landfill information
regarding presence or absence of complete pathway. Consequence: Additional characterization funding
could be diverted from higher-priority projects. Severity: low to moderate.

Decision Rule 2: If enough data were collected to support the RFI/CMS/RI/FS and select remedial action
alternatives, then select the appropriate alternative; otherwise, additional data will need to be collected.

Decision Error 2a: Choosing the wrong remedial action alternative. Consequence: Release to the
environment; wasted resources; threat to worker safety. Severity: moderate to high.

Decision Error 2b: Characterization data may not be sufficiently complete to evaluate presence of
complete pathway adequately. Consequence: Difficult to confirm presence of contaminant pathway.
Severity: Low to moderate.

Decision Rule 3: If enough data were collected to evaluate whether buried waste presents a long-term
effect on HHE, then select the appropriate alternative; otherwise additional data will need to be collected.

Decision Error 3: If complete pathways are not identified, additional characterization may be required to
confirm lack of pathway or to look for pathway in different location, which could pose unacceptable risk
to potential receptors. Consequence: Potentially greater outlay of resources. Severity: Moderate to high.

Table J-3. Sources of Decision Errors

Source of Error Mitigating Measures

Spatial variability in the sampling approach causing Robust sampling plan to locate releases using aerial rad
inaccurate assessment surveys, direct pushes, horizontal borings, active and

passive soil gas sampling, baseline and advanced
geophysics, and test pit excavations.

Not detecting releases from landfills Monitor near bottom of trenches and focus
characterization sampling in areas with greatest potential
for release and highest concentrations of contaminants of
potential concern.

Analytical error Robust quality assurance/quality control program to
minimize analytical uncertainties.
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J8 Step 7: Develop the Plan for Obtaining Data

Summary: Using results from the previous steps, identify the most resource-effective sampling and
analysis design for generating data that are expected to satisfy the DQOs.

1. Compile all information and outputs generated in Steps 1 through 6.

2. Use this information to identify alternative sampling and analysis designs that are appropriate for
your intended use.

3. Select and document a design that will yield data to best achieve your performance or acceptance
criteria.

Outputs of Step 7

* Full documentation of the final sampling and analysis design, along with a discussion of the key
assumptions underlying this design

* Details on how the design should be implemented together with contingency plans for unexpected
events

* The quality assurance (QA) and quality control (QC) procedures that would be performed to detect
and correct problems and so ensure defensible results

These are documented in a SAP.

J8.1 200-SW-2 Sampling and Analysis Plan

During the workshop, the team developed locations for direct pushes and horizontal borings, and
determined which landfills would receive passive soil gas sampling, which would receive active soil gas
monitoring, which would receive baseline and/or advanced geophysical investigations, and which would
have test pit excavations completed. The team determined that all landfills would have an aerial radiation
survey completed. The investigations proposed for each landfill are presented in the SAP (Appendix A)
and summarized briefly here.

Organize Existing Records. Existing records will be organized and cross-referenced.

Conduct Aerial Radiological Surveys. A wide area radiological survey map of the 200 East and
200 West Areas will be made to provide additional information about near-surface radioactive
contamination. This radiological mapping may provide insight on potential near surface releases.

Collect Direct Push Samples. Direct push samples will be obtained from specific locations for each
landfill. Samples will be taken between trenches and will not sample or disturb any waste. The purpose of
the sample is to provide control for geophysical and geologic interpretation, and to provide information
on potential contamination beneath each landfill.

Baseline Geophysical Investigations. Baseline geophysical investigations will be performed at landfills
that have not previously been investigated. Geophysical investigations can provide data regarding waste
trench location and configuration, existence of potential anomalies, and metallic objects beneath the surface.

Advanced Geophysical Investigations. Advanced geophysical investigations are proposed for landfills
that have not been previously investigated, using methods that may have preferential pathways for
contaminants to reach groundwater.
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Horizontal Boreholes. Installation of horizontal boreholes is proposed beneath select landfills, based on
waste volume density and landfill contents.

Active and Passive Soil Gas Sampling. Passive soil gas sampling will be performed on landfills not
previously investigated to look for VOCs. Active soil gas sampling will be performed where passive soil
gas sampling indicates organic contamination.

Test Pit Excavations. Focused and random test pits will be excavated in landfills to confirm waste burial
record accuracy. Test pits will be excavated in each landfill bin type.

Multi-Detector Probe. The multi-detector probe will be used to investigate the caissons.

Continue Ongoing Environmental Monitoring. The regular and routine environmental surveillance
processes at the Hanford Site will continue to provide updated data on potential releases from
the landfills.

J8.1.1 Sampling Frequency
The proposed characterization is not intended as part of an ongoing monitoring of the landfills. It is
intended to identify releases to the vadose zone and/or environment for use in completing the risk
assessment for the 200-SW-2 OU. The direct pushes and the horizontal borings will be capable of being
equipped with instruments in the event that monitoring for releases in the future is warranted or desired.
An attempt will be made to collect a sample under each trench that the horizontal borehole encounters.

J8.1.2 Quality Assurance and Quality Control Program
Soil and Groundwater Remediation Project QA/QC will apply.
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Appendix K

Historical Waste Records and Inventories of Solid Waste Disposal
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1 K1 Background
2 Records and inventories of waste burials in the 200 Areas from 1944 to 1967 are incomplete or
3 nonexistent. Initial volume and radiological inventory estimates of buried solid waste were developed
4 from limited records and process knowledge in the late 1960s to early 1970s. The estimates indicate
5 volume; general source facility of waste disposed; and beta-gamma, uranium, and plutonium inventories.
6 These inventories were created on a year by year basis, one for each year that the landfill was in
7 operation. Estimates were created for all pre-1968 landfills, within the scope of the 200-SW-2 Operable
8 Unit Work Plan, except for two that were thought at the time to have been used only for aboveground
9 storage of equipment and large boxes (218-E-2A and 218-E-9).

10 An intense effort was undertaken from 2003 to 2008 to search for historical information about waste
11 buried in the 200-SW-2 Operable Unit landfills, particularly waste that was buried before 1968 and had
12 incomplete records. Of the thousands of documents and photographs examined, the ones that have been
13 the most useful are handwritten burial logbooks, equipment disposal records, close-in photos of individual
14 burials, and aerial photos of landfills.

15 Very early records, from the 1940s and 1950s, related solely to discards of equipment; these disposal
16 records describe the waste form, burial date, and sometimes the contamination levels, but they contain no
17 information on where the burials are located. In 1960, burial logs began to be kept. Most early log records
18 pertain to burials in the 200 West Area. Few early records are available for the 200 East Area. The logs
19 contain hand-recorded estimates of container types, radiation dose rates, waste volumes, source facilities,
20 presence of plutonium or uranium, and vehicles and equipment used to transport and empty waste into the
21 trenches. Early records for unusual burials tend to contain further information, such as whether the waste
22 was generated offsite, weight of the containers, a general description of the waste form (e.g., gloveboxes,
23 palletized barrels, desks, and boxed filters) and sometimes the exact location of the burial. For about 10 to
24 20 early burials, photographs and burial records corroborate each other. As an example, a
25 December 20, 1960 200 West Area logbook entry indicates a "special burial of waste from 221T canyon
26 misc. trash-800 cu. ft - dumped by crane. Waste box carried by low boy truck and tractor." A photo taken
27 the same day shows a burial exactly as described (Figure K-1). The 284-W Power Plant in the background
28 of the photo suggests that the burial is in 218-W-4A.

29 Beginning on January 1, 1968, burial records were kept in a more systematic fashion. These records are
30 captured in a database now called the Solid Waste Information Tracking System. One record was created,
31 per burial container, with a standard set of information including, but not limited to, waste volume; source
32 facility; burial date and location; container type; and beta-gamma, plutonium, and uranium inventories.
33 A general indication of currently regulated materials that were potentially disposed to a particular location
34 is sometimes available. The materials include, but are not limited to, oils absorbed in sawdust, silver,
35 boron, nitrate, uranium, plutonium, and lead.

36 The precise quantity of radionuclides in the waste is unknown due to incomplete or nonexistent records
37 prior to 1968. Isotopic information is generally not available.
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1
2 Figure K-1. 1960 Waste Burial in 218-W-4A

3 Early packaging of dry waste was designed for transport from the source facility to the burial grounds.
4 The container was intended to provide confinement until burial and not intended to provide containment
5 after burial. Early radiological waste, including most alpha-contaminated waste, was typically wrapped in
6 burlap or paper or contained in metal, concrete, or wooden or cardboard boxes (Figure K-2).

7 Steel boxes, concrete boxes, and 208.2 L (55 gal) drums were occasionally used as additional packaging,
8 especially after 1960. Early industrial wastes with high dose rates, such as process tubes and jumpers,
9 were often packaged in concrete boxes or large concrete tombs to mitigate dose rate handling problems

10 and prevent leakage from the container. Some smaller, lower dose rate wastes were directly dumped from
11 trucks into trenches with no packaging (Figure K-3).

12 The practice of using durable containers, rather than cardboard or wooden boxes, became more common
13 over time. The use of cardboard boxes for disposal to the landfills was discontinued in 1984
14 (WHC-EP-0912, The History of the 200 Area Burial Ground Facilities). The waste was considered dry
15 waste and did not contain significant volumes of liquid (HW-77274, Burial ofHanford Radioactive Wastes).

16 Disposal practices were established by facility management. Radiation measurements were generally
17 taken primarily for personnel protection but were not always recorded. The disposal site was considered
18 the location for final disposition of solid wastes. Waste containing plutonium was buried when plutonium
19 recovery was not technically or economically practical (HW-59645, Disposition ofPlutonium to Burial
20 234-5 Building).
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001

2 Note: The masked worker is preparing a waste disposal package in the 234-5Z Building in 1952. The cardboard barrel is
3 marked with a dose rate of 230 mr/hr. The trench full of waste boxes is probably in 218-W-2. Photo is dated 1955.
4 These photos depict typical dry waste and alpha dry waste disposal packaging in the 1940s through 1970s.

5 Figure K-2. Early Disposal Practices and Alpha Contaminated Dry Waste

6
7 Note: Date of photo is unknown.

8 Figure K-3. Small, Low Dose Rate Wastes Directly Dumped from Trucks into Trenches
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1 Prior to 1965, wastes in trenches were covered with approximately 0.6 m (2 ft) of soil. Since 1965, these
2 wastes were covered with approximately 1.2 m (4 ft) of soil cover but by the late 1960s, the soil
3 stabilization standard was changed to approximately 2.4 m (8 ft).

4 The solid waste landfills were not used for disposal of bulk liquids. Occasionally, small volumes of
5 bottled and highly contaminated liquids were placed inside a 208.2 L (55 gal) drum, and the drum was
6 filled with concrete to provide shielding and stabilize the liquid waste (DOE/RL-96-8 1, Waste Site
7 Groupingfor 200 Areas Soil Investigations).

8 Since the mid-1960s, increasing attention to reduce potential contamination to groundwater led to a
9 decision to send all low-level waste from all Hanford Site facilities for burial within the 200 Areas, 60 to

10 90 m (200 to 300 ft) above groundwater. The last 300 Area landfill (618-7 Burial Ground) was closed in
11 1972. The last 100 Area landfill closed in 1973 (WHC-EP-0912). Figure K-4 is a timeline illustrating the
12 operational periods for the various landfills and processes, as well as key regulatory milestones.

13 K2 References

14 DOE/RL-96-81, 1997, Waste Site Groupingfor 200 Areas Soil Investigations, Rev. 0, U.S. Department of
15 Energy, Richland Operations Office, Richland, Washington. Available at:
16 http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D197197143.

17 HW-59645, 1959 (declassified 1982), Disposition ofPlutonium to Burial 234-5 Building, General
18 Electric Company, Richland, Washington.

19 HW-77274, 1963, Burial ofHanford Radioactive Wastes, General Electric Company, Richland,
20 Washington.

21 WHC-EP-0912, 1996, The History of the 200 Area Burial Ground Facilities, 2 vols., Westinghouse
22 Hanford Company, Richland, Washington.
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Figure K-4. Timeline Illustrating Operations for Landfills with Key Milestone (sheet 1 of 2)
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Figure K-5. Timeline Illustrating Operations for Landfills with Key Milestones (sheet 2 of 2)
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