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1.0 INTRODUCTION

The Hanford Site, managed by the U.S. Department of Energy (DOE), encompasses
approximately 1,517 km* (586 mi ) in the Columbia Basin of south-central Washington State.

In 1989, the U.S. Environmental Protection Agency (EPA) placed the 100, 200, 300, and

1100 Areas of the Hanford Site on the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP),” Appendix B, “National Priorities List” (NPL) (40 Code of Federal
Regulations [CFR] 300) pursuant to the Comprehensive Response, Compensation, and Liability
Act of 1986 (CERCLA). The 200 Area NPL sjte consists of the 200 West Area and 200 East
Arsa (Faguxe 1-1}, which contain waste management facilities and inactive irradiated fuel
reprocessing facilities, and the 200 North Area, formerfy used for interim storage and staging of
irradiated fuel. Several waste sites in the 600 Area, which are located near the 200 Areas, also
are included in the 200 Area NPL site. The 200 Area consists of approximately 850 waste sites
organized into 23 waste site groups, called operable units (OU). The 200-CS-1 Chemical Sewer
Group QU is the focus of this Feasibility Study (FS).

The process for characterization and remediation of waste sites at the Hanford Site i is addressed
in the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology
et al. 1989). In 2002, the U.S. Department of Energy, Richland Operations Office (RL), the
EPA, and the Washington State Department of Ecology (Ecology) (the Tri-Parties) renegotiated
the 200 Areas waste site cleanup milestones under the Tri-Party Agreement; the results of these -
negotiations are documented in Tri-Party Agreement change forms M-13-02-01, M-15-02-C1,
M-16-02-01, and M-20-02-01.

The 200-CS-1 Chemical Sewer Croup Operanle Unit (200-C8-1 OU) consists of five waste sites.
The waste unit designations and their aliases are as follows:

s 216-4-29 Ditch, Snow’s Canyon, Plutonium-Uranium Extraction (PUREX) Plant
Chemical Sewer

s 216-B-63 Trench, B Plant Chemical Sewer

s 216-S-10 Ditch, 202 Chemical Sump #1 and Ditch, Chemical Sewer Trench, Open Ditch
to the Chemical Sewer Trench '

o 216-8-10 Pond, 202 Chemical Sump #1 and Ditch, Chemical Sewer Trench
s 216-5-11 Pond 202-S Chernical Sump #2, Chemical Sewer Trenches, 216-5- 11 Swamp.

The characterization and remediation of waste sites at the Hanford Site are addrcssed in the
Tri-Party Agreement (Ecology et al. 1989). This agreement addresses the integration of cleanup
programs under CERCLA and the Resource Conservation and Recovery Act of 1976 (RCRA) to
provide a standard approach to directing cleanup activitiesina con&stent manner and tc ensure
that applicable regulatory reqmrements are met.

i-1
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1.1 REMEDIAL INVESTIGATION ACTIVITIES

DOFE/RL-2004-17, Remedial Investigation Report for the 200-CS-1 Chemical Sewer Group
Operable Unit (RI Report), focuses on the characterization of these waste sites. The

216-8-10 Ditch and 216-S-10 Pond are considered one RCRA treatment, storage and/or disposal
(TSD) unit, -

. 216—A—29 Ditch
o 216-B-63 Trench
+ 216-S-10 Ditch
¢ 216-S-10 Pond.

All of ﬂlésc' sites are RCRA TSD units. The 216-S-10 Ditch and 216-8-10 Pond are described -
together on one. RCRA Part A Permit Application form (216-S- 10 Ditch and Pond) as one TSD
unit. '

The RI was conducted from November 1999 to April 2003 in accordance with the Work Plan
(DOE/RL-99-44, 200-CS-1 Operable Unit RI/FS Work Plan and RCRA TSD Unit Sampling
Plan). Supplemental data for the 216-A-29 Ditch were collected in July 1998 and included in -
this RI evaluation. In addmon supplemental data for the 216-B-63 Trench were collected in
January 1998, '

Data were coliectcd to characterize the nature and vertical extent of chemical and radiological
contamination and the physical conditions in the vadose zone underlying the historical
boundaries of the four waste sites. Twelve test pits were excavated and-sampled to determine the
vertical and lateral extent of contamination within the area historically deﬁned as the waste site
boundary. The distribution of the test pits is as follows:

Three test pits at the 216-A-29 Ditch
Two test pits at the 216-B-63 Trench
Three test pits at the 216-S-10 Ditch
Four test pits at the 216-S-10 Pond.

In addition, four boreholes, one at each representative site, were drilled, sampled, and logged
with a high-resolution Spectral Gamma-Ray Logging System to provide continuous vertical logs
of gamma-ermitting radionuclides and were logged with a Neutron Moisture-Logging System to
identify moisture changes. Two additional existing wells, 299-W26-6 and 699-32-77, were
logged with a high-resolution Spectral Gamma-Ray Logging System. Historical data from 1998
in two additional test pits (Areas 8 and 9 at the 216-A-29 Ditch) and one additional borehole
(Borchole B8079 at the 216-B-63 Trench) also were evaluated. These activities are summarized
in RHI-01651, 200-CS-1 Operable Unit Test Pit Summary Report for Fiscal Year 2002;
WMP-17755, 200-CS-1 Operable Unit Field Summary Report for Fiscal Year 2003; and
PNNL-13198, Borehole Data Package for the 216-S-10 Pond and Ditch Well 299-W26-13.

The waste sites are contained in two areas shown in Figures 1-2 and 1-3. The 200-CS-1 OU
waste sites primarily are surface manmade ponds, ditches, or trenches and were created to
dispose of the chemical sewer discharges from the separation/concentration processes (e.g., those
at the PUREX Plant and the Reduction-Oxidation (REDOX) Plant, and the B Plant

1-2
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cesium/strontium recovery operations). Early chemical sewer wastes were combined with larger
cooling water and steam condensate streams during the bismuth phosphate and uranium recovery
processes and were discharged to ponds and ditches. The 200-CS-1 OU consists primarily of
waste sites that received unknown but probably dilute quantities of inorganic and/or organic
chemicals. Radionuclide inventories are very smali to negligible, although uranium is present at
several sites, particularly the 216-S-10 Ditch, which received an estimated 215 kg of uranium in
an unplanned release. The process history for the 200-CS-1 OU waste sites is described in detail
in the Work Plan (DOE/RL-99-44). _

1.2 FEASIBILITY STUDY PURPOSE

The purpose of this FS is to develop and evaluate alternatives for remediation of the waste sites
in the 200-CS-1 OUs. This FS will refine preliminary applicable or relevant and appropriate
requirements {ARAR) (Appendix B), remedial action objectives (RAQ), and general response
actions (GRA) initially identified in DOE/RL-98-28, 200 Areas Remedial
Investigation/Feasibility Study Implementation Plan - Environmental Restoration Program
(Implementation Plan). Technology screening and altemative development initially performed
in the Tmplementation Plan will be reviewed and refined, as necessary, based on the site-specific
data generated in the 200-CS-1 OU R1 and other sources of existing information. The
alternatives considered provide a range of potential response actions (e.g., no action, remove and -
dispose, containment) that are appropriate to address site-specific risk conditions. The
alternatives will be evaluated against the CERCLA criteria. The Tri-Parties will use this FS as -
the basis for selecting a remedy to mitigate potential risks to human health and the environment.
A preferred remedial alternative (or alternatives) will be presented to the public in a proposed
plan for review and comment. _

A secondary purpose of this FS is to support the ¢losure of the four waste sites described as three
TSD units. Information supporting the closure of these TSD units is included in existing
200-CS-1 RYFS documents, including the Work Plan (DOE/RL-99-44) and the RI Report
{DDE/RL-2004-17) and the closure plans in Appendix E. Information to support the closure also
is included in this S, and will be included in the proposed plan. The future remedial design
report/remedial action work plan (RDR/RAWP), which will be prepared foilowing the record of
decision (ROD) for these waste sites, will provide additional details to support the closure. The
closure will be integrated into the 200-C8-1 OU CERCLA process and documented in

W AT890008967, Hanford Facility Resource Conservation and Recovery Act Permit, Dangerous
Waste Portion, Revzswn 8, for the Treaiment, Smrage and Dz,sposal of Dangemus Waste
{(Permit). : :

Closure plans for these TSD units have been prepared. The 216-B 63 Trench and .

216-5-10 Ditch and Pond closure plans wili be submitted apart from the FS. These TSD unit
closure can be clean closed as is without any remediation actions coordination nesded with the
FS. The 216-A-28 Ditch closure plen is attached to this FS becanse remedial actions are
necessary 10 clean close this unit (Appendix E). The information contained in the closure plans
will be used to prepare the Permit modifications. The permit modification will consist of the
addition of a chapter to Part V of the Permit, which will consist of two parts: the first part will
include permit conditions necessary to further explain or modify the closure plan and {he second
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part, which will be the actual closure plan text. The permit conditions and closure plan in the
Part V will become an enforceable part-of the Permit, If changes to the chapter and attachment
are needed, they will be su‘o]ect to the Permit modification process.

The waste sites 1dent1fied_as TSD units are included in the Tri-Party Agreement (Ecology et
al. 1989) as a land-disposal unit. Information on the TSD unit is provided in the Work Plan
(DOE/RL-99-44), the RI Report (DOE/RL-2004-17), and the closure plans contained in .
Appendix E.

1.3 SCOPE

Cleanup of the 200-CS-1 OU waste sites is 4 source control action that addresses contaminated
soil and structures (e.g., concrete, pipelines) associated with ponds, ditches, trenches, and
unplanned release sites. Other than the requirement for the source control action to be protective
of groundwater and surface water, the scope does not include remediation of groundwater that
may be beneath these waste sites. Contaminated groundwa:ter is addressed by the 200-UP-1,
200-BP-5, and 200—P0~1 OUs

1.4 REPORT ORGANIZATION

The essential elements of the FS process are presented in Chapters 1.0 through 8 0, and are
summarized as follows

e Chapter 1.0 presents the purpose scope, and regulatory framework for the FS, as well as
this overview of report organization.

. Chaﬁter 20 presents descriptions of the physical setting, waste sites, and site
contamination; compares analogous sites with the represeﬂtatlve sites; and summarizes
nsk assessments

o Chapter 3.0 discusses land-use assumptions and develops the overall cIeanup ob]ectlves _
and medra—spemﬁc goals for the waste sites. ' _ _

» Chapter 4.0 reﬁnes the technologies identified for these OUs and waste sites in the
Implementation Plan (DOE/RL-~98-28) by evaluating new information on existing
technologies or promising and relevant emerging technologies. The technologies are
broadly screened for applicability to the waste sites in the FS. Screening considerations
include effectiveness (likelihood of meeting RAOs for the specific contaminants present
at the site), implementability relative to spemﬁc site conditions, statas of teehnology

“development, and relatwe cost. . :

e Chapter 5.0 describes the remedlal alternative development process, initially conducted
as part of the Implemnentation Plan (DOE/RL-98-28) development, and uses that
information in concert with site-specific data from the RI to refine the remedial - .
alternatives to be carried forward for detailed and comparative analyses. ;
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Chapter 6.0 presents 2 detailed analysis of each of the remedial alternatives against seven
CERCLA evaluation criteria (protection of human health and the environment; regulatory
compliance; long-term effectiveness; reduction of toxicity, mobility, or volume;
short-term effectiveness; implementability; and cost) as defined in EPA/540/G-89/004,
Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA, (Interim Final). This chapter also assesses each alternative relative to National
Environmental Policy Act of 1969 values, as required by DOE policy.

Chapter 7.0 presents the comparative analysis of the six remedial alternatives and
identifies their relative advantages and disadvantages, based on the seven CERCLA
evaluation criteria. The resuits of this analysis provide a basis for selecting a remedial
alternative for each representative waste site and its analogous waste sites.

Chapter 8.0 summarizes the conclusions of the FS. This chapter also presents the
preferred alternatives and path forward for remediation of the 200-CS-1 OU waste sites.

Chaptsr' 9.0 contains all references for the main body of the report; each appendix
contains its own reference section.

Appendix A includes current photographs of the waste sites shovwng the amount and type
of ve getatlon present on and/or around the waste sites.

Appendix B presents an analysis of regulatory reqmrﬁments and available gmdamce with
respect to Lhe 200-CS-1 Cu.

Appendix C presents the Native American risk evaluation, including the methodelogy,

N results, and uncertainties with data,

Appendix D presents the basis for the comparative cost éstimates. Detailed cost
estimates, including applicable altemataves and derived costs for analogous sites, are
provided for each representative site.

Appendix E presents the closure plan for the TSD: 216-A-29 Ditch. -

Appendix F presents information on the Seasonal Soil Compartment Mode! (SESOIL)
and & crosswalk to Washington Administrative Code (WAC) 173-340-747(8), “Deriving
Soil Concentrations for Ground Water Protection,” “Alternative Fate and Transport
Models,” as allowed by Method C at WAC 173-340-745(5)(b)(ii)(A), “Ground Water
Protection,” altemative methods.

1-5



LN ]

O\ LA

oo ~J1

10
11

12
13
14

15
16
17

18
19

21
22
23

25
26

27

- 28
29
30
31

32
33
34
35

DOE/RL-2005-63 DRAFT A

1.5 REFERENCES

40 CFR 300, “Nauona] Oil and Hazardous Substances Pollution Contingency Plan,”
Appendix B, “National Priorities List,” Title 40, Code of Federal Regulations, Part 300,
as amended.. . _

BHI01651, 2002, 200-CS-1 Operable Unit Test Pit Summary Report for Fiscal Year 2002,
Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

Comprekensivé Enviroriménml Response, Compensation, and Liability Act of 1980,
42 USC 9601, et seq.

DOE/RL-98-28, 1999, 200 Areas Remedial Investigation/Feasibility Study Implementation
Plan — Environmental Restoration Pragram, Rev. 0, U.S. Department of Energy,
Richland Operations Office, Richland, Washington. -

DOE/RL-99-44, 2000, 200-CS-1 Operable Unit RI/FS Work Plan and RCRA TSD Unit Sampling
Plan, Rev. 0, U.S. Department of Energy, Richland Operatlons Office, Richland,
Washington.

DOE/RL-2004-17, 2004, Remedzal Invést;gaﬁon Report fbr the 200-CS-1 Chemical Sewer
Group Operable Unit, Rev. 0, U.S. Department of Energy, Richland Operatlons Ofﬁce
Rlchland Washington.

Ecology, EPA, and DOE, 1989, Hanford Fedeml Facility Agreeniéni‘ and Consent Order,
2 vols., Washington State Department of Ecolegy, U.S. Environmental Protection.
Agency, and U.S. Department of Energy, Olympia, Washington, as amended.

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 Protecuon Agcncy, Washington, D.C.

National Environmental Policy Act of 1969, 42 USC 4321, et 'seq.

PNNL-13198, 2000, Borehole Data Package for the 216-S-10 Pond and Ditch o
Well 299-W26-13, Rev. 0, Pacific Northwest National Laboratory, Richland, Washington.

Resource Conservation and Recovery Act of 1976, 42.'USC"6950'1, etseq.

WA7T890008967, 2004, Hanford Facility Resource Conservation and Reéovery Act Permit,
Dangerous Waste Portion, Revision 8, for the Treatment, Storage, and Disposal of
Dangerous Waste, Washington State Department of Ecology, Richland, Washington, as
amended.

WAC 173-340-745(5)(b)(iii)(A), “Soil Cleanup Standards for Industrial Properties,” “Method C
Industrial Soil Cleanup Levels,” “Standard Method C Industrial Soil Cleanup Levels,”
“Human Health Protection,” “Ground Water Protection,” Washington Administrative
Code, as amended, Washington State Department of Ecology, Olympia, Washington.

1-6



[PV

wh

DOE/RL-2005-63 DRAFT A

WAC 173-340-747(8), “Deriving Soil Concentrations for Ground Water Protection,”
“Alternative Fate and Transport Models,” Washington Administrative Code, as amended,
‘Washington State Department of Ecology, Olympia, Washington.

WMP-17755, 2003, 200-CS-1 Operable Unit Field Summary Report for Fiscal Year 2003,
Rev. 0, Fluor Hanford, Inc., Richland, Washington.

-7



DOE/RL-2005-63 DRAFT A

Figure 1-1. Location of the Hanford Site and the 200-CS-1 Operable Unit Waste Sites.

Washington
. L]
' 5 Seattle Spokane
Hanford Site
Richlang \ ﬁ
Vancouver
&
Noerth Slope
100-D & DR 100-H
. 168N .
100-KE & KW i 100-F
10BCc 3¢ 100 Areas
2
>,
200-West 200-East N -
Area Area T,
ER T g o O I A BN
N NN
NN
RNy
b Figure 4-3
Area of
Figure 1-2 Core Zone
200 Area
Exciusive
Land-Use Boundary
B
300
Area
&%
m
E ™.
E] T
Richland " )
FGRE0.70



DOE/RL-2005-63 DRAFT A

Figure 1-2. Location of the 200-CS-1 Operable Unit Waste Sites in the 200 East Area.
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Figure 1-3. Location of the 200-CS-1 Operable Unit Waste Sites in the 200 West Area.
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CHAPTER 2.0 TERMS

95%UCL 95th upper confidence level
BCG biota concentration guide
BG background
bes -below ground surface
BRA baseline risk assessment -
c/min counts per minute
CERCLA Comprehensive Environmental Response, Compensation, and

Liability Act of 1980
COPC contaminant of potential concern
COPEC contaminant of potential ecological concern
CEM conceptual site model
DOE U.S. Department of Energy
DW drinking water
ECO Ecological .
Ecology Washington State Department of Ecology
ELACR excess lifetime added cancer risk
ELCR excess lifetime cancer risk
Eco-SS1L. ecological soil-screening level
EPA U.S. Environmental Protection Agency
EPC exposure-point concentration
foc fractional organic carbon
RS feasibility study
7Y fiscal year
GPC groundwater profection concentration
GW groundwater
HI hazard index
HQ hazard quotient
IESC industrial ecological-screening concentration
IRIS Integrated Risk Information System
Ks distribution coefficient
MCL maximum contaminant level
N/A not applicable
NMELS Neutron-Moisture Logging System
NOAEL no observed adverse-effect level
oy operable unit
PNNL Pacific Northwest National Laboratory
PRG preliminary remediation goal ‘
PUREX Plutonium-Uranium Extraction Plant
RAIS Risk Assessment Information System
REDOX Reduction-Cxidation Plant
RESRAD RESidual RADiocactivity (dose model)
RID chronic reference dose
RiDoen oral chronic reference dose
RI remedial investigation
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RI/FS
RIBRA
SGLS
SLERA
TPH

TBP
Tri-Parties

yusc
WAC
WIDS
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remedial investigation/feasibility study

~ remedial investigation baseline risk assessment

Spectral Gamma-Ray Logging System

screening-level ecological risk assessment

total petrolenm hydrocarbon

tributyl phosphate

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

unrestricted use screening concentration

Washington Administrative Code

- Waste Information Data System
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20 BACKGROUND INFORMATION |

2.1 OPERABLE UNITS BACKGROUND AND
- HISTORY

This chapter discusses the background and history of waste sites within the 200-C8-1 Operable
Unit (OQU), including descriptions of the liquid waste-generating processes, the physical setting,
natural resources, cultural resources, socioeconomics, representative sites, the nature and extent
of contamination at individual waste sites, and a risk evaluation summary. '

The four representative sites to be characterized for the 200-CS-1 OU are identified in
DOE/RL-96-81, Waste Site Grouping for 200 Areas Soil Investigations; DOE/RL-98-28,

200 Areas Remedial Investigation/Feasibility Study Implementation Plan — Environmental
Restoration Program (Implementation Plan); and BHI-01276, 200-CS-I Operable Unit DGO
Summary Report. These representative sites are the 216-A-29 Ditch, the 216-B-63 Trench, the
216-S-10 Ditch, and the 216-5-10 Pond. The representative sites were selected for evaluation in
a remedial investigation (RT) because of similar effluent volumes and contaminant inventories.
The waste sites received an unknown but probable dilute concentration of inorganic and/or
organic chemicals, The radionuclide inventories are likely very small to neghgible, although
several sites contain a uranium component,

Characterization of the four representative sites was presented in DOE/RL-2004-17, Remedial
Investigation Report for the 200-C8-1 Chemical Sewer Group Operable Unit. This chapter also
summarizes the available information for analogous waste sites (i.e., sites that are not identified
as representative sites within the OU). This information is presented for correlating analogous
sites with representative sites.  Relationships between analogous and representative sites are
developzd to support the evaluation of remedial alternatives by application of the analogous site
spproach described in this chapter and in the Implementation Plan (DOE/RL-98-28).

2.1.1 Buildings and Ancillary Facilities

The Hanford Site, established in 1943, originally was designed, built, and operated to produce
plutonium for nuclear weapons using production reactors and chemical reprocessing plants.

In March 1943, construction began on three reactor facilities (B, D, and F Reactors) in the

100 Areas and three chemical processing facilities (B, T, and U Plants) in the 200 Areas.
Cperations in the 200 East and West Arezs mainly were related to separation of special nuclear
materials from spent nuclear fuel (i.e., fuel withdrawn from a nuclear reactor foilowing
irradiation), Operations in the 200 Ar_eas took place in eight main processing areas:

¢ 200 North Area — The 200 North Area was used for temporary sio:age of irraaiated
nuclear fuel and contaminated equipment.

o B Plant - In the B Plant, thé bismuth phesp?late process was used to se?arate plutonium

from irradiated fuel rods. Recovery of cesium, strontium, and rare eﬁrth metals 2lso was
carried out at B Plant.

2-1
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* S Plant —In the S Plant, the reduction/oxidation (REDOX) process was used to separate
plutonium from irradiated fuei rods.

« T Plant - In the T Plant, the bismuth phosphate process was used to sepa:fate plutonium
from irradiated fuel rods.

« A Plant - In the Plutonium-Uranium Extraction (PUREX) Plant, the tributyl phosphate
(TBP) process was used to separate plutonium from irradiated fuel rods.

. C Plant In the Hot Semlworks P}ant, pilot-plant tests of the REDOX _process were
conducted before startup of S Plant,

» U Plant — In the U Plant, the TBP process was used to recover uranium from
b15muth—phosphate process wastes. .

y4 Plant In the Z Plant d1buty1 butyl phosphate, TBP, carbon tetrachloride, and ac1ds
were used in the amencmm and plutonium separauon and recovery process.

The following sectlons identify the bulldmgs and’ processes involved in daschargmg efﬂuent to
the ZOO-CS 10U waste sites.

2.1.2 Operable Unit Description

Waste sites in the 200-CS-1 OU received liquid waste streams (principally nonradioactive dilute
chemicals) from B Plant, A Plant (PUREX), and S Plant (REDOX). Virtually every process step
in any of the separations and radionuclide recovery projects required addition of solid chemicals,
or more routinely, pre-mixed chemical solutions. Liquid concentrated nitric, phosphoric, and
formic acids; soditm hydroxide; and alominum nitrate were taken to the canyon buiidings in
railcar quantities and unloaded into the 211 Chemical Storage Tank Farm at each separation
building. Most other chemical solutions were mixed on site to pre-established concentrations
and volumes in the Aqueous or Solvent Makeup sections of the plant. Dry chemicals were
weighed and added to demineralized water, also produced in the plants. Liquids such as acids
and caustics were piped into large tanks in the same area.

As described in the introduction, chemical sewer wastes consisted primarily of makeup tank
rinses, with lesser quantities of off—speclﬁcatlon batches of chemicals, or overflow chemicals

from tanks during aqueous makeup. Improper valvmg at outdoor chemical storage tanks durmg

cnemlcal u.nIoadmg or transfer operauons also may have yxelded chemical sewer wastes

The construction of separate waste sites for chemical sewer wastes generally emerged asa’ -
development in the REDOX Plant’s waste treatment and later was applied to the PUREX and -
waste fracuomzatlon processes These wastes were ischarge,d to separate dltches or ditch/pond
systems.

In almost all respects, the inventory of contaminants in these waste streams is difficult to assess

from process knowledge. Only incomplete records of wastes disposed to sites in this waste
group are known. However, several sites were issued Resource Conservanon and Recovery Act

2-2
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of 1976 (RCRA) Part A Permits based on reported, but unreferenced, waste discharge
inventories. Most of the chemicals disposed to these streams are expected to have broken down
or reacted in the environment and are expected to be largely undetectable. Some inorganic
compounds (e.g., cadmium, chromium, and nitrate) could remain sufficiently intact and would be
detectable in the environment, Except for chlorinated hydrocarbons, most organic compounds
and reactive inorganic compounds are expected to have been biodegraded or tc have reacted in
the envircnment.

In all cases, the waste streams were run in a non-contact manner, that is, a barrier separated the
liquids in this category from contaminated process liquids, with little consequent potential for
routine radiological contamination. Additional background information on the history of
operations, important waste-generating processes, and liquid waste disposal practices at the
various processing areas is provided in Section 3.2 and Appendix H of the Implementation Plan
(DOE/RL-98-28).

Over time, coils that circulated steam and cooling water inside chemical process tanks were
known to develop pinholes and hairline cracks because of the corrosive chemicals and high
thermal gradients in these tanks. These minor defects usually did not lead to contamination of
the stsam and cooling water because the pressure in the pipe coils was greater than the, pressure
in the process or condenser vessels; however, on occasions when the pressure in the coils was
reduced or suspended, minor leakage through the flaws led to waste stream contamination.
Other accidental releases from causss such as operator error also have contributed to
contarmination of the effluents discharged to the waste facilities in this OU.

2123 216-A-29 Ditch

The 216-A-29 Ditch received discharge from the PUREX Piant chemical sewer. The ditch was
uncovered and unlined and followed the natural topography. The ditch originated from the
southeastern side of the A Tank Farm (east of the AP Tank Farm) outside the 200 East Area
perimeter feace. The ditch was estimated to be 1,220 m (4,000 ft) long and 1.8 m {6 ft) wide and
varied from 0,6 to 4.6 m (210 15 1 deep. Structures in the 216-A-29 Ditch included a concrete
spillway for the first 3 m (10 ft) from the point of inflow, a culvert under the 200 East Area
perimeter road, and a wood platform and slide gate for flow control at the two earthen dams,

The head end of the ditch was modified in 1983 to aliow the construction of the AP Tank Fatm.
The end of the ditch connects to the 216-B-3-3 Ditch and finaily to the 216-B-3 Pond.

The following waste streams, whléh are summarized from the stream-specific report
(WEC-EP-0342, Addendum 2, PUREX Plant Chemical Sewer Stream-Specific Rieport),
contributed to the 216-A-29 Ditch:

o Various floor drains: 202-A Pipe and Operations Gallery; air COMPTESSOr, Process
blower, and service blower rooms in 202-A; 211-A Pump House; and 202-A Instrument
and Maintenance Shops

e 6181 and 618-2 Flash Tanks containing heating coils, spray water, and steam condensate

s 206-A Fractionator condensers and reboiler cooling water and steam condensate
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e Sink drain from the battery room, instrument shop, and maintenance shop in 202-A

+ 202-A Laboratory ventilation room; heating, ventilation, and air conditioning-related
' draxnage

e 202-A Laboratory nonradioactive clothing change room drains

e 202-A Blower Room condensate

¢ Overflow from various derﬁineralized water storage tanks

» Overflow from the emergency water supply tank

- Raw water used to continzously flush the PUREX Plant chenﬁcal sewer line.

The PUREX Plant chemical sewer operated between November 1955 and July 1991. Atthe
beginning of its operation, the 216-A-29 Ditch received discharge from the PUREX Plant
cooling water and discharge from the chemical sewer. HW-60807, Unconfined Underground
Radioactive Waste and Contamination in the 200 Areas — 1959, indicates an area labeled

“A Swamp,” which was located where the cooling water-may have joined the chemical sewer
ditch (i.e., thhm the Grout Treatment Facility).

In early 1980, because of effluent monitoring requirements, the chemical sewer lines feeding the
216-A-29 Ditch required upgrades to allow for monitoring and diversion capabilities.

A diversion box was upgraded and connected to the 216-A-42 Retention Basin. The basin
received chemically or radioactively contaminated diversions from the PUREX Plant chemical
sewer line, cooling water line, and steam condensate discharge (Vitro-R-642, Title I Report,
Chemical Sewer Samphng, Momtormg, Flow Tatal:zmg and Dzvertmg System (PUREX),
Project B-190). '

During 1990_,_ plans were developed and approved to discontinue discharges to ‘and close the
216-A-29 Ditch (WHC-SD-EN-AP-031, Interim-Status Groundwater Quality Assessment
Program Plan for the 216-A-29 Ditch), and in 1991 all discharges were discontinued.

Stabilization of the 216-A-29 Ditch was performed in three phases from July to October 1991.
In the first phase, bulldozers were used to push the top layers of soil from within the surface
contamination zone and the ditch spoil piles into the bottom of the 216-A-29 Ditch. By taking
large amounts of soil from the 216-A-29 Ditch banks, not only were the ditch bottom sediments
safely covered, but ‘also the surrounding banks were likely to be uncontarmnated The concrete -
spillway was covered with clean soil, and the ends of the culvert were filled with concrete. The
slide gate structure and the two earthen dams were lowered, and the wood platform and
assocaated hardware were demohshed and disposed of in the ditch.

In the second phase, the consolidated soils were covered with clean material. In the section of
the 216-A-29 Ditch inside the 200 East Area perimeter fence, the fill was brought up to the
surrounding grade. The fill, the Hanford formation sand, was brought from the Grout Project
spoil pile and the 216-B-3 Main Pond spoil pile. Outside of the 200 East Area fence, all clean
fill came from the upper banks of the 216-A-29 Ditch. The fill was placed in a series of terraces
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progressing down the ditch. A terrace was placed for every 1.8 m {6 ft) decrease in streambed
elevation. The face of each terrace and earth dam was armored with 15 to 25 cm (6 to 10 in.) of
g::awe} Eleven terraces were constnmcted

The third vshase ccms:sted of revegetahng and repostmg rhe area dlsturbed by the stabilization
activities. A high-nitrogen fertilizer was spread over the area at a rate of 140 kg/ha (125 1b/ac).
Siberian wheatgrass and Thickspike wheatgrass then were planted, followed by the placement of
straw mulch, The area was reposted as an underground radioactive material zone after surface
radiological surveys were completed and soil samples were taken and analyzed. The
undergmund radmac’uve matenal zone encompasses 26ha (6 4 ac)

In 2001, samplmg was canducted at Ehe 216-A-29 Ditch in an area where a pmposed waste
transfer line from the AP Tank Farm to the Waste Treatment Plant crossed the ditch. Details of
the sampling and the results are pmv:lded in Chapters 2.0 and 3.0, respectively. Washington
State Department of Ecology (Ecelogy) approval of the construction of the transfer line over the
216-A-29 Ditch was granted in June 2002 (Price 2002, “Re: Waste Transfer Line Crossing Over
the 216-A-29 Ditch Treatment, Storage, and Disposal Unit, 02-RCA-03017}.

The 216-A-29 Ditch received both dangerous and radioactive liquid effluent. The ditch received
22,700,000 L/day (6,000,000 gal/day) at an average flow rate of 3,760 L/min (970 gal/min). The
dangerous waste received includes corrosive waste (Dangerous Waste Code D002) consisting
primarily of acidic waste, sutfuric acid, and sodium hydroxide. The discharges, consisting of
acidic and caustic wastes, were the result of backwashes from the regeneration of. demineralizer.
columns in the PUREX Plant. Dangerous waste also consisted of the toxicity characteristic
waste (D006) and the state-only waste WT02. Hydrazine (Dangerous Waste Code U133) also
was discharged to the ditch, along with heavy metals including cadmium nitrate and lead :
(D@E!RL—%M 200-CS-1 Operable Unit RI/FS Work Plan and RCRA TSD Unit Smpimg Plan

 [Work Plan]).

2.1.2.2 2&6«3«-63 Trem:h

The 216—3—63 Trench was. constmcted before 1970 as a percolation trench t0 receive emergency
cooling water and chemical sewer waste from B Plant (221-B Canyon Building). The trench was
taken out of service in 1992. The ditch was an open, tnlined, manmade earthen trench that was -
closed at one end (it did not convey €ffluent to another facility). The trenchis located enm-eiy
within the 200 East Area perimeter fence. The trench was approximately 427, m (1,400 ft) long,
1.2 m (4 ft) wide, and averaged 3 m (10£t) deep. The side slope was 1.5:1. The first 3.1 m

(10 ft) of the trench contained a 5.1 cm (2-in.) rockfill. A 40.6 m (16-in.) inlet pipe -
apprommately i5m (5 ft) Emg entered the trench 1 m (3 ft) below grads

cooling wan;er_from_B Plant_and Waste Eﬁcapsaiatgon and _Stora.ge ;Fac_:xhty a;;r—compressor
aftercoolers, some of the 221-B Canyon Building steam condensate, and the demineralizer
effiuent. Minor contributions came from chemical makeup overflow systems (e.g., sodiom
hydroxide, sodium nitrite), air conditioning units, and space hea:sers “These minor. con‘mbutions
were determined fo be controlied to levels below dangerous waste designation limits. Specific
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sources of each are presented in the stream-spemﬁc report (WHC-EP-0342, Addendum 6,
B Plant Chemical Sewer Stream-Specific Report),

The 216-B-63 Trench received B Plant cooling waste and in—tank 'solidiﬁcation cooling water
from March 1970 to May 1970 (ARH-2015, Radioactive Liquid Wastes Discharged to Ground in
the 200 Areas During 1970). The trench began receiving cooling water on March 22, 1970, after
an unplanned release (UPR) (UPR-200-E-138) of 1,000 Ci.of St into the 216-B-2-2 Ditch. In
May 1970, the trench began receiving B Plant chemical sewer effluent. The B Plant chemical -
sewer pipeline went directly to the 216-B-63 Trench. The 207-B Retention Basin was used to
retain low-level, nonhazardous liquid waste (cooling water) in route to the 216-B-2 series ditches
(located east of the structure). .Chemical sewer waste did not pass through the 207-B Retention
Basin, but cooling watér was routed through the retention basin from March to May 1970. In
August 1970, the bottom and sides of the 216-B-63 Trench were dredged out as a result of
UPR-200-E-138. The dredgings had readings of approximately 3,000 counts per minute (c/min)
of beta-gamma activity and were buried in the 218-E-12B Burial Grounds. The 216-B-2 series
ditches, which are parallel to the 216-B-63 Trench, were used initially to dispose of liquid waste
from the 207-B Retention Basin. ‘'The basin is located 610 m (2,000 ft) northeast of B Plant,
1mmed1ate!y south of the B Tank Farms.

An upgrade to the chemical sewer system that dlscharged to the 216—B 63 Trench was planned in
1980 after it was estimated that a volume of more than 1,140,000 L/day (300,000 gal/day) could
be leaking into the ground from the sewer (RHO-CD-1010, B Plant Chemical Sewer System:
Upgrade). Leakage had been documented at the chemical sewer for about 10 years from the date
of this recommended upgrade. About half of this amount of liquid was lost by leakage before
reaching a measuring station at the 207-B Retention Basin. The pipelines that were known or
suspected of leaking were relined or replaced by Project B-496 in 1985.. The 38 cm (15-in.}
vitrified clay pipe downstream of manhole No. 12, which is the beginning of the treatment,
storage, and/or disposal (TSD) unit piping and conveyed effluent to 216-B-63 Trench, was not
replaced because it did not have known leakage problems (SD-496-CDR-001, Conceptual
Design Report Chemical Sewer Upgrade, 221-B Project B-496). Chemical and radiological
analyses of the contaminated sediments excavated during the pipeline upgrade were not found.
The leak occurred at the head end of the pipeline adjacent to the B Plant fac1h1:y boundary

The trench was 1solated and interim stabilized in December 1994 and January 1995. The weir
box at the head end of the trench was filled with concrete and the valve stems at the

207-B Retention Basin were cut off. A prestabilization civil survey was performed, the trench
was covered with clean soil and marked Wiﬂ'l concrete posrs and a post—stabﬂmaﬁon c1v1l survey
was performed.

The 216-B-63 Trench received both dangerous and radioactive quuid efﬂ_uent. The dangerous
waste received from 1970 until October 1985 included corrosive waste (Dangerous Waste -
Code D002) consisting primarily of sodium hydroxide, sulfuric acid, and sodinm nitrate.  After
1985, effluents were treated to maintain a combined pH of between 4 and 10 and no longer were
considered dangerous waste. Radiological inventory at the trench, decayed to January 1999 -
(DOE-RL 96-81), includes 21.2 kg of total uranium, 0.57 kg of total plutonium, 0.035 kg L Am,
0.51 kg 13¢5, and 1.94 kg of *°Sr. The approximate average flow rate of wastewater discharged
to the 216-B-63 Trench varied from 378,000 to 1,408,000 L/day (100,000 to 400,000 gal/day}.
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Apvroximately 68,100,000 kg/ yr (or 473,000 L/day [125,000 gal/day]) of corrosive wasts were
managed in the 216-B-63 Trench for the period from 1970 to 1992 (DOE/RL-99-44).

2.1.2.3 216-5-10 Diich

The 216-S-10 Diich started receiving discharge from the REDOX Plant in August 1851.

This ditch was part of a system that includes the 216-5-10 and 216-S-11 Ponds. In addition

to these three sites, during May 1954 (HIW -43121 Tabulation of Radiological Liguid Waste
D:spomi Facilities) an approximate 4,048 m* (1-a) overflow from the ditch released an estimated
215 kg of uranium from the ditch in the southeast dike of the 216-S-11 Pond. After the UPR, the
ditch was dredged, and the sludge was removed and placed in unknown low spots on both sides
of the ditch. The ditch then was covered with 0.6 m (2 ft) of soil.

The 216-S-10 Ditch was an uncovered, urnlined manmade ditch that rccelvcd wastewater from
the REDOX Plant. The ditch originated outside the perimeter fence and was estimated to be
686 m (2,250 ft) long, 1.8 m {6 ft) wide, and averaged 1.8 m (6 ft) deep.

Approxzimately 50 waste streams contributed to the 216-S-10 Ditch (WHC-EP-0342,

Addendum 9, S Plant Wastewater Stream-Specific Report). The routine waste stream sources
include the compressor cooling water from the 202-S Building and the sanitary water overflow
from the water tower. The remaining sources were infrequent additions and include

202-8 Building floor drains and funnel drains, 211-S Tank Farm (a storage area) pump drains,
tank drains, station drains, chemical sewer line man-holes, and 276-S Building floor drains. The
effluent to the chemical sewer was composed of approximately 60 percent REDOX Plant raw
water, 20 percent sanitary water, and 20 percent steam condensate.

The 216-5-10 system was developed in February 1954 when it became apparent that more
leaching surface was necded. At that time, the 216-8-10 Pond was constructed to previde more
leaching surface. The two 216-S-11 Leach Pond lobes on the southeast side of the

216-8-10 Ditch were constructed to provide even more leaching surface in May 1954. Plugging
of the systern occurred in part because of inadvertent dumping of aluminum nitrate nonahydrate
solutions. In 1955, 0.6 m (2 ft) of sediment was dredged from the bottom of the 216-S-10 Ditch
to improve water percolation: in the ditch. The contaminated sediments were buried in
excavation pits along the sides of the ditch, The depth and location of the pits are unknown
(RHO-CD-798, Curren: Status of the 200 Area Ponds).

The south end of the 216-5-10 Ditch remained in use until 1984, when the ditch was backfilled
and stabilized. The north end of the ditch remains open to a depth of approximately 3 m (10'f),
The north end of the 216-S-10 Ditch last received discharges during 1991 (BHI-00176, § Plant
Aggregate Area Management Study Technical Baseline Report), and the supplying pipeline was
plugged with concrete near the cutfall in July 1994.

A hazardous waste discharge from the Chemical Engineering Laboratory to the 216-S-10 Ditch
and Pond occurred in September 1983. The 420 L (110 gal) of double-shell slurry simulant,
consisting of sodium nitrate (46 percent), sodium hydroxide (41 percent), and small quanuﬁes of
sodium phosphate, sodium fluoride, sodium chloride, and potassium chromate, were sent via the
sewer to the ditch and pond. This discharge exhibited the dangerous waste characteristics of
ignitability (D0QL), corrosivity (D002), characteristic waste (D007), and toxic state-only waste

2-7



~} Ch L W b e

co

10
11
12
13
14
15

16
17

18

19
20
21
22
23

25

26
27
28
29
30
31
32
33

34
35
36
37

DOE/RIL-2005-63 DRAFT A

(WT01, WT02). Appmmrnately 450 kg (1 000 1b) of dangerous waste were discharged to the
ditch and pond. '

Radiological inventory at the ditch, decayed to January 1999 (DOE-RL 96-81), includes 199 kg
of total uranium, 0.1 kg of total plutonium, 0.015 kg **'Am, 1.00 kg **'Cs, and 0.86 kg of *°S.
During operations, the maximum volume of ‘wastewater discharged to the 216-S-10 Ditch and
Pond was approximately 568,000 L/day (150,000 gal/day). The annual volume of effluent
discharged was approximately 1.9 L x 108 L. (5.0 x 107 gal) (DOE/RL-99-44),

2.1.2.4 216-5-10 Pond

The 216-5-10 Pond received discharge from the REDOX Plant. This pond was part.of 2 system
that included the 216-S-10 Ditch and the 216-S-11 Pond. The pond was dug in 1954 at the
southwest end of the 216-S-10 Ditch to provide additional percolation surface. ' '
The 216- S 10 Pond was an irregular-shaped, manmade pond that covered approximately
20,234 m* (5 a) and included four finger-leach trenches. The pond was approximately 2.4 m

(B ft) atits deepest point. The pond was fed by the 216-S-10 Ditch. Both the ditch and pond
were demgned to dlspose of hquxds through pcrcolauon 1nto the 8011 column.

Contributors fo the pend and system descnphon are similar to that of the 216—8 10 D1tch
In 1984, concutrent with the 216-S-10 Ditch, the pond was stabxl;zcd {DOE/RL-99-44).

2.2 PHYSICAL SETTING

The following sections briefly describe the meteorology, topography, and hydro-geologic
frameworks for the 200-CS-1 OU waste sites. Additional discussions are provided in
DOE/RL-92-19, 200 East Groundwater Aggregate Area Management Study Report;
PNNL-13788, Hanford Site Groundwater. Monitoring for Fiscal Year 2001; PNNL-13910,
Hanford Site Environmental Report for Calendar Year 2001; and PNNL-6415, Hanford Site
National. Envzronmental Policy Act ( NEPA). Chamcterzzatwn -

2.2.1 Metebrolqg)"

The Hanford Site lies east of the Cascade Mountains and has a semiarid climate caused by the -
rain shadow effect of the mountains. Climatological data are monitored at the Hanford
Msteoroio gical Station and other locations throughout the Hanford Site. From 1945 through
2001, the recorded maximum temperature was 45 °C (113 “F), and the recorded minimum
temperature was —30.6 °C (=23 °F) (PNNL-6415). The two extremes occurred dunng August
and February, respectively. The monthly average temperature ranged from a low of —0.24 °C
(31.7 °F) in January to a high of 24.6 °C (76.3 °F) in July The annual average relative humidity
is 54 percent (PNNL-6415). o

Most prec1p1tat10n occurs dunng late autumn and wmtsr, with more than half of the annual
amount cccurring from November through Fcbruary (PNNL~6415) Normal annual prec1p1tat10n
i3 17.7 cm (6.98 in.). Because this area typically receives less than 25.5 cm (10in)of
precipitation a year, the climate is considered to be semiarid (PNNL-6415).
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The prevailing wind direction at the Hanford Monitoring Station is from the northwes? during all
months of the year (PNNL-MIS) Monﬁ.hiy average wind speeds are lowest durlng the winter
months and average about 3 w/s (6 to 7 mi/h). The highest average wind occurs during the
summer and is-abcut 4 m/s (8 to 9 mi/h). The record wind gust was 35.7 m/s (80 mi/h) in 1972.

2.2.2 Tepography

The 200—(33—1 U is located on the 200 Area Plateau, which is a broad, relatively flat, prominent
terrace (Cold Creek Bar) near the center of the Han‘lford Site. The Cold Creek Bar was formed
about 13,000 years ago during the last cataclysrmc flood from glacial Lake Missoula. The Cold
Creek Bar trends generally. east-west with elevations between 197 and 225 m (647 and 740 ft)
above mean sea level. The plateau drops off rather steeply to the north and northwestintoa
former flecod channel with elevation changes of between 15 and 30 m (50 and 100 f): The
platean decreases more gently in elevation to the south into the Cold Creek Valley and to the east
toward the Columbia River. Most of the 200 West Area and the southern half of the 200 East
Area are situated on the Cold Creek. Bar, while the northern half of the 200 East Area lies thhm
the former flood channel. A secondary flood channel running southerly from the main channe]l
bisects the 200 West Area. The 200-CS-1 OU representative and TSD sites are located in the
200 West and 200 East Areas on the plateau. Surface elevations in the vicinity of the 200 West
Area sites range from apprommately 19810 204 m (65@ to 670 ). Surface elevatzons in the o

vicinity of the 200 East Arez sites range from approximately 177 to 207 m (580 to 680 ft}

233 Geology

The 200-CS-1:0U is located in the Pasco Basir, one of several structural and topographw basins
of the Columbia Plateau. Basalts of the Columbia River Basalt Group and a sequence of
suprabasalt sediments underlie the 200-CS-1 OU waste sites. From oldest to youngest, the major
geologic units of interest are the Elephant Mcuatam Member, the Ringold Formation, the Cold
Creek arnit, the Hanford formation, and surficial deposits. Figare 2-1 shows a ge'zerahzeé

strati graphic colurmn for the 200 Areas. Geologic cross sections of the waste sites that show the
depth, mﬁckness, and vanabihty of these geologic units are shown in Figures 2-2 through 24,

El&eghami; M@mtam Member The E}ephant Mountain Member is the uppermest basalt it
(i.e.. bedrock) in the 200 Arezs. Except fora small area north of the 200 East Area boundaxy
where it has been eroded away, the Elephant Mountain Member is laterally continuous . ..
throughout: the 200 Areas. The RI field investigations did not penetrate to the basalt. Based on
previous investigations and nearby wells; the top of basalt is approximately 67 to 119 m (220 to.
390 ft) despat the 216-A-29 Ditch, 81 m (264 ft) deep at the 216-B-63 Trench, 173 t0 179 m
(567 to 587 &) deep at the 216-S:10 Ditch, and 179 m (587 ft) deep at the 216-S-10 Pond .
(DOE/RL-99-44; PNNL-13198, Borehole Data Package for the 216-5-10 Pond and Ditch

Weli 299-W26-13; WMP-17755, 200-CS-1 Operable Unit Field Summary Report for Fiscal
Year 2603; PNNL-12261, Revised Hydrogeology for the Suprabasali Aquifer System, 200-East
Areq and Vicinity, Hanford Site, Washingiton; and PNNL-13858, Revised Hydmgeoiogy forthe
Suprabasalt Aquifer System, 200-West Area and Vicinity, Hanford Site, Washingtor).. The basalt
is overiain by the Ringold Formation, except at the 216-B-63 Trench, where the basalt is directly
overlain by the Hanford formation (DOE/RL-99-44; PNNL-12261) and possibly gravels of the
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Cold Creek unit (DOE/RL-2002-39, Standardized Strarigraphic Nonwnclature Jor the
Post-ngold—Fomatwn Sedzments W’thm rhe Central Pasco Basin).

Ringold Formation. The Ringold Formation consists of an interstratified fluvial-lacustrine
sequence of unconsolidated to semiconsclidated clay, silt, sand, and granule-to-cobble gravel
deposited by the ancestral Columbia River. These sediments consist of the following four major
units, from oldest to youngest (see Figure 2-1): the fluvial gravel and sand of unit 9 (basal
coarse), the buried soil horizons, overbank, and lake deposits of unit 8 (lower mud), the fluvial

. sand and gravel of unit 5 (upper coarse), and the lacustrine mud of unit 4 (upper fines). Units 9

and 5 consist of a silty-sandy gravel with secondary lenses and interbeds of gravelly sand, sand,
and muddy sands to silt and clay. Unit 8 (lower mud) consists mainly of silt and clay. Unit 4
(upper fines) consists of silty overbank deposits and fluvial sand. Units 6 and 7 are not present
in the 200 West and 200 East Areas (PNNL-12261; PNNL-13858). The Ringold Formation is
overlain by t_he Cold Creek unit in the 200 West Area _and_ in parts of the 200 East Area.

Cold Creek Unit. The Cold Creek umit is the new standardized name for several post-Ringold
Formation and pre-Hanford formation units present in the 200 West and East Areas '
(DOERL- 2002 39). The Cold Creek unit mcludes the former Plio-Pleistocene unit, caliche,
early Palouse soil, Pre-Missoula gravels, and sidestream alluvial faciés described in previous Site
reports, The Cold Creek unit has been divided into five lithofacies. The five lithofacies units are
dlfferennated based on grain size, sedlmentary structure, sortmg, fabric, and mineralogy as
follows:

e Fine-grained, laminated to massive (fluvial-overbank and/or eolian deposits, formerly the
early Palouse soil)

» Fine-to coarse ~grainied, calcmm—carbonate cemented (calcxc paleosol formerly the
: cahchc) :

. Coarse-graiﬂéd, multitithic (mainstrcam alluvium, forme_ﬂy‘ the Pre-Missoula gravels)
‘e Coarse gramed, angular, basalt:c (coliuvmm) |

. Coarse-gralned rounded, basaltic (sidestream alluwum, fonncrly mdestream alluvial
~ facies) (DOFJRL—2002—39) :

Based on the Cold Creek unit facies dlsmbunon from DOEIRT.,-ZOOZ-SQ the Cold Creek unit
present benieath the 200 West Area waste sites includes the overbank/eolian and the calcic
paleosol facies and the Cold Creek unit present beneath the 200 East Area waste sites is the -
mainstream alluvium. Descriptions of the five lithofacies units; depositional environments, and
association with prewous site nomenclature are shown in Table 2-1.

Hanford Formatmn. The Hanford formation is the informal stratigraphic name used to describe
the Pleistocene catactysmic fleod deposits within the Pasco Basin. The Hanford formation .
consists predonnnantly of unconsolidated sediments that range from boulder-size gravel to sand,
silty sand, and silt. The sorting ranges from poorly sorted (for gravel facies) to well sorted (for-
fine sand and silt facies). The Hanford formation is divided into three main lithofacies:
interbedded sand- to silt-dominated (formerly Touchet beds or slackwater facies);
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sand-dominated (formerly sand-dominated flood facies); and gravel-dominated (formetly Pasco
gravels) that have been further subdivided into 11 textural-structural lithofacies '
(DOE/RLZO@Z«39) Beneath the 200-CS-1 OU waste sites, the Hanford formation includes the
gravel-dominated and sand-dominated facies. The- gravel-dominated facies are cross-stratified,
coarse-grained sands and granule-to-boulder gravel. The gravel is uncemented and matrix poor.
The sand-dominated facies are well-stratified fine- to coarse-grained sand and granule gravel.

Silt in these facies is variable and may be interbedded with the sand. Where the silt content is
low, an open-framework texture is common. Clastic dikes are common in the Hanford formation
but rare in the Ringold Formation (DOE/RL-98-28; DOE/RL-2002-39). They appear 2s vertical
to subvertical sediment-filled structures especially within sand- and silt-dominated units.

The Hanford formation is locaily overlain by veneers of surficial deposits.

Surficiai Deposits. Surficial deposits include Holocene eolian sheets of sand that form 2 thin
veneer over the Hanford formation across the site except in localized areas where the deposits
are absent. Surficial deposits consist of very fine- to medium-grained sand to occasicnally silty
sand. Silty deposits less than 1 m (3 ft) thick also have been documented at waste sites where
fine-grained, wind-blown material has settled out through standing water over many years. Fill
material was placed in and over represeniative waste sites during construction and for
contamination control. The fill consists of reworked Hanford formation sediments and/or
surficial sand and silt. The thickness of the fill material varies from 0.3 to 2.1 m {1 to7 ft) at the
representative waste sites (BHI-01651, 200-CS-I Operable Unit Test Pit Summary Report for .
Fiscal Year 2002; WMP-17755). ' - '

224 Hydrostratigraphy

Vadose zone hydrostratigraphic units within the 200-CS-1 CU include the Ringold Formation,
the Cold Creek unit, the Hanford formation, and surficial deposits (see Figure 2-1). The
uncenfined aquifer hydrostratigraphic units within the 200-CS-1 OU include the Ringold
Formation and the Hanford formation. The base of the unconfined aquifer is the top of the
Ringold Formation unit 8 (lower mud) or the top of basalt (Elephant Mountain Member).

Vadose Zone. The vadose zone is the area between the ground surface and the water table.

At the 200 East Area representative sites, the vadose zone varies from 82.4 m (270.2 ft) thick at
the 216-A-29 Ditch to about 75 m (245 ft) thick at the 216-B-63 Trench. The vadose zone is
entirely within Hanford formation sediments at the 216-B-63 Trench. At the 216-A-29 Ditch,
the vadose zone is predominantly Hanford formaman sediments with a thin section of Ringold
Formation sediments above the water table.

At the 200 Wﬁest_ Area representative sites, the vadose zone varies from 68 m (223°ft) thick at the
216-S-10 Ditch to 61 m (200.5 ft) thick at the 216-S-10 Pond. Sediments within the vadose zone
at these waste sites include the Hanford formation, the Cold Creek unit, and part of the Ringoid
Formation um‘t 5.

Moisture conient in the 200 Areas vadose zone typically ranges between 2 and 10 percent under
ambient conditions (DOE/RL-98-28), but historically has ranged widely from 10 percent to
saturation (perched water) at liquid waste disposal sites. Before 1995, liquid waste sites
provided a significant driving force for contaminant transport. With the reduction of artificial
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* recharge in the 200 Areas since 1995, the downward flux of liquid in the vadose zone beneath

waste sites has been decreasing. However moisture content in the vadose zone near waste sites
is expected to remain elevated over preoperational condmons for some time. In the absence of
artificial recharge, recharge from natural precipitation becomes the dominant driving force for
moving contamination remaining in the vadose zone to groundwater

Data collected with the neutron—mciiSmre logging tool indicate that volumetric moisture content
beneath the 200 West Area representative sites ranged from 2 to 15 percent over the logged
intervals. The highest moisture content correlated with the top of the Cold Creek unit at 41 m
(134 ft) depth at the 216-S-10 Pond borehole (PNNL-13198). ‘Calibration data were not
available for the casing sizes used in drilling the 200 East Area representative waste site
boreholes, so volumetric moisture contents were not calculated for the neutron logs from these
boreholes (WMP-17755).

The borehole drilled at the 216- A-29 Ditch encountered perched waier at about 78.6 to 78.9 m
(258 t0 259 ft) below ground surface (bgs) 1 that was sitting’ atop al4m- (4 5 ﬁ—) thxck very
dense, compa.cted silt/clay layer of the ngold Formatlon

A limited number of soil samples were collected to determine moisture content, grain-size
distribution, and bulk density. Laboratory moisture content ranged from 2.5 to 14.3 percent
(equlvalent to 4.9 to 27.9 volumetric moisture percent). Bulk densities ranged from 1.38to
2.07 g/em®. The results were published in WMP-17755, Appendlx C,'and PNNL-13198,
Appendix B.

Uncenfined Aquifer. The uppermost or unconfined aquifer beneath the 216-A-29 Ditch is
approximately 2 to 24 m (7 to 79 ft) thick and is contained within sediments of the Hanford
formation and Ringold Formation. The aquifer extends from the water table to the top of the
basalt or, in-some areas, the lower mud (unit 8) of the Ringold Formation. Groundwater flow is
to the west-southwest because the groundwater mound from the 216-B-3 Pond system is
dmnmsiung The average groundwater flow velocities range from approx.lmately 0.01to
0.04 m/day (0.003 to-0.012 ft/day) (PNNL-14187, Hanford Site Groundwater Monitoring for

Fiscal Year 2002). The water table beneath the ditch has declined significantly since the
discharges to the 216—B 3 Pond system were reduced in 1988 and eliminated by 1995.

The uppermost or unconfined aquer beneath the 216-]3 63 Trench is34t06.Im(1l.2to

20.0 ft) thick and is contained within the sediments of the Hanford fonnataon ‘The aquifer
extends from the water table to the top of the basalt. The Ringold Formation is absent beneath
the trench. -Groundwater flow has been generally east to west because of the groundwater
recharge from the 216-B-3 Pond system, but the hydraulic gradient in this area is changing as the
groundwater mound created by the pond system diminishes. Groundwater flow velecity is

estimated to be 0.1 m/day (0.03 ft/day) (PNNL-14187). The water table is nearly flat beneath the
trench and has been declining since the discharges to.the 216-B-3 Pond system ceased.

The uppermost or unconfined aquifer beneath the 216-S-10 Pond and Ditch is about 61 m
(200 ft) thick and is contained within sediments of the Ringold Formation units 4 and 5.

The aquifer extends from the water table to the lower mud (unit 8) of the Ringold Formation.
Groundwater flow is to the east-southeast at a rate between 0.007 mfday and 0.3 m/day
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(0.023 and 0.98 ft/day) (PNNL-14187). The water table beneath the pond and ditch has declined
significantly since the discharges to the U Pond system ceased in 1984.

23 NATURAL RESOURCES

Natural resources in the study aree and vicinity include vegetation and wildlife resources.
Biciogical and ecological information aids in evaluating impacts to the environment from
contaminants in the soils, including potential effects of implementing remedial actions and
identification of sensitive habitats and species. This section also considers cultural and aesthetic
resources and sociceconomics associated with activities in the 200 Areas.

Survey data collected in 200C and 2001 for the 200 Areas Central Plateau as part of the
Ecological Compliance Assessment Project were compiled to support Central Plateau ecological
evaluations (DOE/RL-2001-54, Central Plateau Ecological Evaluation). The information
includes plant community descriptions, identification of plant and wildlife species, and avian
census data. Designated levels of habitat under DOE/RL-96-32, Hanford Site Biological
Resources Management Plan, including rare plant populations, are identified and mapped. The
data were collected before the Command 24 fire occurred in 2000. The fire, however, dzci not
impact any of the waste sites being considered in this FS.

2.3.1 Vegetation

Vegeta,mm in the study area is characterized by native shrub-steppe, interspersed with large areas
of disturbed ground dominated by annual grasses and forbs. In the native shrub-steppe, the
dominant shrub is big sagebrush {Artemisia tridentata). The understory is dominated by the
native perennial, Sandberg’s bluegrass (Poa sandbergii), and the introduced annual, cheatgrass
(Bromus tectorum). Other shrubs typically present inciude rabbitbrush (Chrysothamnus spp.).
spiny hopsage (Grayia spmasa) and antelope bitterbrush (Purshia tridentata). Other native
bunchgrasses that also are present include Indian ricegrass (Oryzo;:szs hymenoides) zmd
needle-and-thread grass (Stipa comatd). Common herbaceous species inchide turpentine
cymopteris (Cymopteris terebinthinus), globemallow (Sphaeralcea munroana), balsamroot
(Balsamorhiza careyang), milkvetch (Astragalus Spp.), yarrow (Achtllea millefolium), dwart
evening primrose (Camissonia pygmaea), and daisy (Erigeron spp.). Dwarf evening primrose is
a rare piant and has not been encountered in the study area. '

Many of the waste disposal and storage sites in the 200 Areas have been backfilled with clean
soil and planted with crested or Siberian wheatgrass {Agropyron cristatum and Agropyron
sibericum, respectively) to stabilize surface soil, control soil moisture, or dlsplace more invasive
deep-rooted species like Russian thistle (PNNL-6415). The area associated with the waste sites
addressed in this FS is highly disturbed. This disturbed habitat primarily is the resuit of
mechanical and operational disturbance. Outlying habitats also have been disturbed as a result of
range fires, clearing, and construction activities.
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2.3.2 Wildlife

The largest mammal frequenting the study area is the mule deer (Odocoileus hemionus). Mule
deer are much more common along the Columbia River; the few that forage throughout the

200 Areas make up a distinct group called the Central Population (PNNL-11472, Hanford Site
Environmental Report for Calendar Year 1996). A large elk herd (Cervus canadensis) currently
resides on the Fitzner-Eberhardt Arid Lands Ecology Reserve. Elk, which are more dependent
on open grasslands for forage, seek the cover of sagebrush and other shrub species during the
summer months. The Rattlesnake Hills herd of elk that inhabits the Hanford Site primarily
occupies the Arid Lands Ecology Reserve and private lands that adjoin the reserve to the south
and west. They occasionally are seen in the 200 Areas and just south of them and have been
sighted at the White Bluffs boat launch on the Hanford Site. The herd tends to congregate on the
Arid Lands Ecology Reserve in the winter and disperses during the summer months to higher
elevations on the Arid Lands Ecology Resérve, private land to the west of the Arid Lands
Ecology Reserve, and the Yakima Training Center. Tn March 2000, about 200 elk were removed
from the Arid Lands Ecology Reserve and relocated, and another 31 elk were removed during
2002. Specml hunts adjacent to the Hanford Site in 2000 accounted for the removal of _
207 additional elk. The “24 Command Fire” in June 2000 temporarily destroyed nearly all of the
elk forage on the Arid Lands Ecology Reserve. The herd moved onto unburned private land -

“west of the Site, to unburned areas in the center of the Hanford Site, and along the Columbia

River near the 100 B/C and 100 K Areas. Elk have returned to burned areas as the vegetation
recovers (PNNL-6415).

Experienced biologists reported sighting a cougar (Felis concolor) on the Arid Lands Ecology
Reserve during the elk relocation in March 2000, supplementing anecdotal accounts of other
observatlons_of the presence of a cougar on the Hanford Site (PNNL-6415)

Other mammals common to the 200 Areas are badgers (Tax;dea taxus) coyotes (Canis latrans),
Great Basin pocket mice (Perognathus parvus) northern pocket gophers (Thomomys talpoides),
and deer mice (Peromyscus maniculatus). Badgers are known for their digging ability and have
been suspected of excavating contaminated soil at 200 Areas radioactive waste sites ~
(BNWL- 1794 Dzsmbunon of Radwactzve Jackrabbzt PeIlefS in Ihe Vlcmliy of the B—C C rtbs

.......

pocket mice, ‘and deer mice are abundant herblvores in the 200 Areds. These small mammals can

_ excavate significant amounts of soil as they construct their burrows (e.g., Hakonson et al. 1982,

“Disturbance of a Low-Level Waste Burial Site Cover by Pocket Gophers”). Mammals
associated with buildings and facilities include Nuttall’s cottontails (Sylwlagus nuzrallzi) house
mice (Mus musculus), Norway rats (Rattus narvegzcus) and various bat specws

Cormon bird spe_cies in the study area include the starling (Stiirnus 'vulgaris‘),_ horned lark
(Eremophila alpestris), meadowlark (Sturnella neglecta), western kingbird (Tyrannus verticalis),
rock dove (Columba livia), black-billed magpie (Pica pica), and raven (Corvus corax).
Burrowing owls (Athene cunicularia) commonly nest in the 200 Areas in abandoned badger or
coyote holes, or in open-ended stormwater pipes along roadsides in more industrialized areas.
Loggerhead shrike (Lanius ludovicianus) and sage sparrow (Amphispiza belli) are common
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nesting species in habitats dominated by sagebrush. Long-billed curlews {Numemus
americanus) have been observed nesting on inactive waste sites.

Reptiles common to the study area include gopher snakes (P:mophis melanoleucus) and
sideblotched Bzards (Ute stansburiana). Rattlesnakes (Crotalus viridis) also have been
observed. Reptile sightings are not widespread, with only 23 observations of side-blotched
lizards at 316 sites surveyed during a 2001 Ecological Compliance Assessment Project survey
(Appendix B of DOE/RL-2001-54).

Three of the most common groups of insects include darkling beeties, grasshoppers, and ants,
Ants have been known to burrow up to 2.7 m (9 ft) into the vadese zone and to bring
contarninants to the surface.

2.3.3 Species of Concern

The Hanford Site is home to a number of species of concern, but many of these are associated
with the Columbia River and its shoreline. Two Federally protected species have been observed
at the Hanford Site, the Aleutian Canada goose (Branta canadensis leucopareia) and the bald
sagle (Haliaeetus leucocephalus). Both depend on the river corridor and rarely are seen in the .
Centrzl Plateau. As migratory birds, these species also are protected under. the ngmzmy Bird
Treaty Actof 1918,

Several thregtened, endangered, and candidate species are found in and near the 200 Areas.
Thess species include the ferruginous hawk (Buteo regalis), burrowing owl, loggerhead shrike,
leng-billed curlew, and sage sparrow. Plant species of concern (which include those listed as
state endan geredl threatened, sensitive, and monitored) that may occur in the study arez inciude
dwarf evening primrose and Piper’s daisy (Erigeron piperianus) (WNHP 1998, Washington Rare

. Plang Spec:es by County).

Plant and animal species of concern, their designations, and the places of their occurrence can
change over time. At this time, it is not anticipated that remediation of the 200-SC-1 OU wiil
affect any species of concern, but incorporating the needs of these species into project planning
will help to mitigate any potential effects. Especially important is avoiding, where possible,
undisturbed shrub-steppe habitat because this is important to many species of concern. The
undisturbed shrub-steppe in the Central Plateau was designated as Level 3 habitat in
DOE/RL-96-32, which requires mitigation of any disturbance (for example through avoidance
and minimization) and possibly rectification and compensation. More detailed direction on
protecting Level 3 habitats and species of concern is provided in DOE/RI-96-32. In addition,
site-specific environmental surveys, required before ground disturbance can occur; serve as a
fina! check 1o ensure that ecological resources are adeguately protected. :

2.3.4 Cultural Resources
A comprehensive archaeological survey of the 200 Areas found artifacts in conjunction with

areas of high topographic relief and in the vicinity of sources of permanent water, but few
artifacts associated with open, inland flats (PNL-7264, Archaeological Survey of the 200 East
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and 200 West Areas, Hanford Site, Washington). In the 200 West Area, the only culturally
sensitive area identified is the historic White Bluffs Road that crosses the northwest corner of the
site. The report concluded that additional cultnral resource reviews are required only for
proposed projects within 100 m (328 ft) of this road. The waste sites associated with the
200-CS-1 OU are not within 100 m (328 ft) of this road (PNL-7264). :

PNIL-7264 addressed only undisturbed portions of the 200 Areas and did not address facilities
and structures. The National Historic Preservation Act of 1966 requires agencies to consult with
the State Historic Preservation Officer and the Advisory Council on Historic Preservation to
ensure that all potentially significant cultural resources, including structures and associated sites,
have been adequately identified, evaluated, and considered in planning for a proposed
undertaking (e.g., remediation, renovation, or demolition) (DOE/RL-97-56, Hanford Site
Manhattan Project and Cold War Era Historic District Treaiment Plan).

DOE/RL-97-56 was developed to address these requirements and to determine the eligibility of
historic properties for the “National Register of Historic Places” (36 CFR 60). DOE/RL-97-56
evaluated and classified waste sites and structures on the Hanford Site, including those in the
200 Areas, and proposed recommendations for mitigation. Treatment options for mitigation
were determined using 36 CFR 60.4, “Criteria for Evaluation.” None of the waste sites in the
200-CS-1 OU that are subjects of this FS were recommended for individual documentation as
contributing propemes ‘Sites beginning with “216” (e.g., 216-A-29 Ditch, 216-8-10 Ditch) were
categorized as “noncontributing/exempt properties” (i.e., properties that are exempted from
documentation requirements as potential historic sites) (DOE/RL-97-56). Some sites not
addressed in DOE/RL-97-56, such as UPRs and septic tanks that were not considered tobe
significant enough to be evaluated as part of that effort w111 be evaluated under site-specific
pre—remedxamon cultural resource reviews.

No cultural resources have been dlrectly associated with OU waste sites (PNL-7264
DOE/RL-97-56, PNNL-6415); however, site-specific cultural resource reviews will be required
for each waste site before remediation or other ground-disturbing activities are begun. In
addition to the site-specific review, a cursory ﬁeld Teview of plant and ammal life may be
conducted in concert with thxs effort. '

2.35 Aesthetics, Vlsual Resources, and Nmse

With:the exception of Rattlesnake Mountam land on the Hanford Slte generally is flat W1th little
relief. Rattlesnake Mountain; rising to 1,060 m (3,478 ft) above mean sea level, formsthe.
southwestern boundary of the Hanford Site, and Gable Mountain and Gable Butte are the highest
landforms on the Hanford Site itself. The view toward Rattlesnake Mountain is visually
pleasing, especially in the springtime when wildflowers are in bloom. Large rolling hiils are
located to the west and far north. The Columbia River, flowing across the northern part of the
Site and forming the eastern boundary, generally is considered scenic.

Studies at the Hanford Site on the propagation of noise have been concerned primarily with
occupational noise at work sites. Environmental noise levels have not been extensively
evaluated because of the remoteness of most Hariford Site activities and their isolation from
receptors covered by Federal or state statutes. Most industrial facilities on the Hanford Site are
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located far encugh away from the Site boundary that noise levels at the boundary are not
2 measurable or are indistinguishable from background noise levels (PNNL-6415).

ook

3 236 Sociceconomics

4  Activity on the Hanford Site plays a dominant role in the socioeconomics of the Tri-Cities and
5 other parts of Benton and Franklin counties. The agricultural community also has a significant
6 effect on the local economy. Any major changes in Hanford Site activity wouid potentiaily

7 affect the Tri-Cities and other areas of Benton and Franklin Counties. Unless otherwise

8  specifically cited, data in this section are collected from interviews with the referenced

9  organization. o

10  The Hanford Site is the largest single source of emplovment in the Tri-Cities. During fiscal year
11 (FY) 2002, an average of 10,892 employees were employed by the U.S. Department of Erergy
12 (DOR), Office of River Protection and its prime contractor CH2M HILL Hanford Group, Inc.;

13 DOE-Richland Operations Office and its prime contractor Fluor Hanford, Inc.; Battelle

14 Memorial Institute; Bechtel Hanford, Inc.; and the Hanford Environmental Heaith Foundation.
15 The FY 2002 year-end employment at the Hanford Site was 10,938, up from 10,670 in FY 2001.
16 In addition to these totals, Bechtel National, Inc., and its prime subcontractor, Washington Group
17  International, employed 3,013 at the end of FY 2002, up from 1,350 at the end of FY 200L. In
13 December 2000, the Office of River Protection awarded 2 contract to Bechtel National, Inc., to ™
19 desigs, build, and start up waste treatment facilities for the glassification of liquid radioactive

20 waste. According to the Washington State Labor Market and Economic Analysis, the annual

21  average number of employees at the Hanford Site is down considerably from a peak of 19,200 in
22  FY 1994, but still represents 15 percent of the 94,000 total jobs in the economy.

23  In addition o the Hanford Site, other key employers in the area are as follows:

24 o Energy Northwest .
25 o The agricultural community (including the Lamb Weston foed processing plants)
26 o Iowa Beef Processing

27 o Framatome — Advanced Nuclear Products (formerly Siemens, Inc.)

28 » Boise Cascade Corporation, Paper and Corrugated Container Divisions

28 o Burlington Northern and Santa Fe Railroads.

30 Tourism and government transfer payments to retirees in the form of pension benefits also are
31 important contributers to the locat economy.

32  An estimated total of 147,600 people lived in Benton County and 51,300 lived in Franklin

33  County during 2002, for a total of 198,900, which is up almost 4 percent from 2000. According
34  tothe 2000 Census, population totals for Benton and Franklin Counties were 142,475 and

35 49,347, respectively. Both Benton and Franklin counties grew at a faster pace than Washington
35 as a whole in the 1990s. The population of Benton County grew 26.6 percent, up from

37 112,560 in 1990. The population of Frankiin County grew 31.7 percent, up from 37,473 in 1990
38  (Census 2001, Poverty Threshelds in 2000, by Size of Family and Number of Related Children
39  Under 18 Years). ‘ :
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Based on the 2000 census, the 80 km (50 mi) rad1us area surroundmg the Hanford Site had a

the minority popula‘uon is pnmanly White Hlspamc (@4 percent) self~des1gnated ‘other and
multiple” races (63 percent), and Native American (6 percent). Asians and Pacific Islanders

(4 percent) and African American (3 percent) make up the rest. The Hispanic population resides .
predominantly in Franklin, Yakima, Grant, and Adams counties. Native Americans within the

80 km (50-mi) area reside primarily on the Yakama Reservation and upstream of the Hanford

Site near the town of Beverly, Washington. PNNL-6415. prowdes maps showing distributions of
minority and low—mcome populations.

24 WASTE SITE DESCRu'iTIoNs

This section describes the four selected representative sites for the 200-CS-1 OU. Detailed
descriptions of these representative sites are provided to support development of contaminant
distribution models, to evaluate risk, and to provide a baseline for implementing the analogous
site approach in support of the remedial investi gauonlfeas1b1hty study (RY/ES) process Data for
these sites are presented in DOE/RL-2004- 17 _

All four of these mtes are RCRA TSD units. Two of these sites, the 216-A-29 Ditch, and the
216-S-10 Ditch, also are representative sites as identified in DOE/RL-96-81; and DOE/RL-99-44
for evaluation as part of the RIL. The representatlve sites were evaluated by 1mplementmg the -
data quality objective (DQO) process. The DQO process was used to determine what data
should be collected to assess site conditions and support remedial decision making. The current
Part A forms for these units are contained in Appendix A cf DOEIRL 99-44. The remaining site,
the 216-S-11 Pond, is an RPP site (a site category created to address releases of RCRA ©
hazardous wastes or constituents from sources other than TSD units regardless of the date of
waste receipt at the unit).

2.4.1 Representative Sites
2.4.1.1 216-A-29 Ditch

The 216-A-29 Ditch received discharge from the PUREX Plant chemical sewer.  The ditch was
uncovered and unlined and followed the natural topography. The ditch originated from the
southeastern side of the A Tank Farm (east of the AP Tank Farm) outside the 200 East Area
perimeter fence. The ditch was estimated to be 1,220 m (4,000 ft) long and 1.8 m (6 ft) wide and '
varied from 0.6 to 4.6 m (2 to 15 ft). Structures in the 216-A-29 Ditch included a concrete

IpPNNL-6415 shows the total population “within” 80 km'as 511 500 which was estimated by 2 geographical
information system from the populations of individual census block groops, the smallest geographic area for which-
both mirority and poverty status were estimated in the 2000 Censns. The higher number resuited because the total
population of a census block group previously was assigned to the 80 km area if any part of the block group lay
within 80 km of the Hanford Meteorological Station in the middle of the Hanford Site. The new estimate splits
boundary block groups to include only those portions within 80 km, which should result in a lower and more
accurate estimate.
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spillway for the first 3 m (10 ft) from the point of inflow, a culvert under the 200 East Area
perimetsr road, and a wood platform and slide gate for flow control at the two earthen dams.
The head end of the ditch was modified in 1983 to allow the construction of the AP Tank Farm.
The end of the dltch connects to the 216—3—3-3 Ditch and finally to the 216-B-3 Pond.

In.garly 1980, because of effiuent momtonng requirements, the chermcal sewer lines feedmg the .
216-A-29 Ditch required upgrades to allow for monitoring and diversion capabilities.

A diversion box was upgraded and connected to the 216-A-42 Retention Basin. The basin
received chemically or radicactively contaminated diversions from the PUREX Plant chernical
sewer line, cooling water line, and steam condensate discharge (V. itro-R-642).

Dusing 1990, plans were developed and approved to discontinue discharges to and close the
215-A-29 Ditch (WHC-SD—EN-AP—% 1) and in 1991 all dlschajrgcs were discontinued,

Stabihzzmon of the 216 A-29 Ditch was pcrfoxmed in three phases from Ju]ly W Ocmbcr 1991,

In: the first phase, bulldozers were used to push the top layers of soil from within the surface
comtamination zone and the ditch spoil piles into. the bottom of the 216-A-29 Ditch. By taking
large amounts of soil from the 216-A-29 Ditch banks, not only were the stream sediments safely
covered, but the surrounding banks were Ekely to be uncontaminated. The concrete spillway:
was covered with clean:soil, and the ends of the culvert were filled with concrete. The slide gate
structure and the two.earthen dams were lowered, and the wooed platform and assocmated
hardware were demohshed amd disposed of in the ditch. :

In the sec@nd aha.se the consohdamd soils were covered wrth clean maicnal Inthe secnan of
the 216-A-29 Dm:h inside the 200 Bast Area perimeter fence, the fill was bronght up to the
surrounding grade.. The fill was brought from the Grout Project spoil pile and the 216-B-3 Main
Pond speil pile. Outside of the 200 East Area fence, ali clean fill came from the upper banks of
the 216-A-29 Ditch. The fill was placed in a series of terraces progressing down the ditch.

A terrace was placed for every 1.8 m (6 fi) decrease in streambed elevation. The face of each
terrace and earth dam was armored with 15 to 25 cm (6.t0 10 1n.) of gravel. A total of

11 terraces were constructed. _

The third phase consisted of revegetating and reposting the area disturbed by the stabilization
activities. A high-nitrogen fertilizer was spread over the area. Siberian wheatgrass and
Thickspike wheatgrass then were planted. The area was reposted as an underground radioactive
material zone after surface radiological surveys were completed and soil samples were taken and
enalyzed. The underground radioactive material zone encompasses 2.6 ha (6.4 ac).

The 216-A-29 Ditch received both. dangemus and radmactwe liguid efﬂuent “The ditch recewed
22,700,000 L/day (6, 000,000 gal/day) st an average flow rate of 3,760 Limin (970 galimin). The
dsngerous waste received consisted primarily of acidic waste, sulfumc amd, and sodium
hydroxide. . The discharges, cnnsmtmg of acidic and caastic wastes were the result of ‘
beckwashes from the regeneration of demineralizer columns in the PUREX. Plant. Dangemus
waste also consisted of the toxicity characteristic waste (DO006) and Hydrazine (Dangerous Waste
Code U133) also was discharged to the ditch, along wﬂ:h heavy metals including cadmium nitrate
and lead (W, ork Plan [DOE/RL-99-44]).
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2.4.1.2 216-B- 63 Trench

The 216-B -63 Trench was constructed before 1970 as a percolatlon trench to receive emergency
cooling water and chemical sewer waste from B Plant (221-B Canyon Building). The ditch was
an open, unlined, manmade earthen trench that was closed at one end (it did not convey effluent
to another facility). The trench is ocated entirely within the 200 East Area perimeter fence. The
trench was approximately 427 m (1,400 ft) long, 1.2 m (4 ft) wide, and averaged 3 m (10 ft)
deep. The side slope was 1.5:1. The first 3.1 m (10 ft) of the treach contained.a 5.1 cm (2-in. )
rock fill. A 40.6 m (16-in.) inlet pipe approximately 1.5 m (5 1t) long entered the trench 1 m

(3 ft) below grade. The trench was taken out of service in 1992,

Contributors to the 216-B-63 Trench included the 2902-B High Tank (potable sanitary water),
cooling water from B Plant and Waste Encapsulation and Storage Facility air-compressor after
coolers, some of the 221-B Canyon Building steam condensate, and the demineralizer effluent.
Minor contributions came from cherical makeup overflow systems (e.g., sodium hydroxide,
sodium mtnte) air conditioning units, and spacé heaters. These minor contributions were
determined to be controlled to levels below dangerous waste designation limits. Specific sources
of each are presented in the st:eam specﬁ"rc report (WHC-EP-0342 Addendum 6).

The 216-B-63 Trench recelved B Plant cooling waste and m—tank sohdlficatmn coolmg water
from March 1970 to May 1970 {ARH-2015). The trench began receiving cooling water:on
March 22, 1970, after an UPR (UPR-200-E-138) of 1,000 Ci of %08 into the 216-B-2-2 Ditch. In
May 1970, the trench began receiving B Plant chemical sewer effiuent. The B Plant chemical
sewer pipeline went directly to the 216-B-63 Trench. The 207-B'Retention Basin was used to
tetain low-level, non-hazardous liquid waste {cooling water) in route to the 216-B-2 series
ditches (focated east of the structure). Chemical sewer waste did not pass through the

207-B Rétention Basin, but cooling water was roitted through the retention basin from March to
May 1970. In August 1970, the bottom and sides of the 216-B-63 Trench were dredged out as
result of UPR-200-E-138. The dredgings had readings of approximately 3,000 ¢/min of
beta-gamma activity and were buried in the 218-E-~12B Burial Grounds. The 216-B-2 series
ditches, which are parallel to the 216-B-63 Trench, were used initially to-dispose of liguid waste
from the 207-B Retention Basin. The basin is iocated 610 m (2 000 £t) northeast of B Plant
1mmed13teiy south of the B Tank Farms

An upgrade to the chemical sewer system that discharged to the 216-B~63 Trench was planncd in
1980 after it was determined that an estimated volume of mote than 1,140,000 Liday

(300,000 gal/day) could-be leaking into the ground from the sewer (RHO-CD-1010). Leakage
had been documented at the chemical sewer for about 10 years from the date of this
recommended upgrade About half of this amount of liquid was' Tost by leakage before reaching
a measuring. station at the 207-B Retention Basin. The pipelines that were known o suspected
of leaking were relined or replaced by Project B-496 in 1985. The 38 cm (15-in.) vitrified clay
pipe downstream of manhole No..12, which is the beginning of the TSD unit piping and
conveyed effiuent to 216-B-63 Trench, was not replaced because it did not have known leakage
problems (SD-496—CDR-001) Chemical and radloioglcal analyses of the contaminated
sediments excavated during the pipeline upgrade were not ‘found The'leak occurred at the head
end of the pipeline adjacent to the B Plant facility boundary. |
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The trench was isolated and interim stabilized in December 1994 and January 1995. The weir
box at the head end of the trench was filled with concrete and the valve steros at the

207-B Retention Basin were cut off. A pre-stabilization civil survey was performed, the trench
was covered with clean soil and marked with concrete pests, and a post-stabilization civil survey

was performed.

The 216-B-63 Trench received both dangerous and radicactive liquid effluent. The dangerous
waste received from 1970 until October 19835 included corrosive waste consisting primarily of
sodivm hydroxide, sulfuric acid, and sodium nitrate. After 1985, effluents were treated to
maintzin a combined pH of between 4 and 10 and no longer were considered dangerous waste.
Radiclogical inventory at the trench, decayed to January 1999 (DOE-RL 96-81), includes

21.2 kg of total uranium, 0.57 kg of total plutonium, 0.035 kg >*'Am, 0.51 kg **’Cs, and 1.94 kg
of ®Sr. The approximate average flow rate of wastewater discharged to the 216-B-63 Trench
varied from 378,000 to 1,408,000 L/day (100,000 to 400,000 gal/day). Approximately
68,100,000 kg/vr (or 473,000 L/day [125,000 gal/day]) of corrosive waste were managed in the
216-B-63 Trench for the penod from 1970 to 1992 (DOE/RL-99-44).

2.4.1.3 215-8—1@ Dl!:ch

The 216-5-10 Ditch was an wncavered, unlined manmade ditch that received wastewater from
the REDCX Plant. The ditch originated cutside the perimeter fence and was estimated to be
bm {2,250 ft) long, 1. 8 m(6 ft) wide, arid averaged 1.8 m (6 ft) deep

The 216-5-10 Ditch staz'ted receiving discharge from the REDOX Plam in August 1951.

This ditch was part of a system that includes the 216-8-10 and 216-S-11 P@nds In addition

to these three sites, during May 1954 (HW-43121) an approximate 4,048 m” (1-a) overflow from
the ditch released an estimated 215 kg of uranjium from the ditch in the southeast dike of the
216-8-11 Pond. After the UPR, the ditch was dredged, and the sludge was removed and placed
in unknown low spots on both sides of the ditch. The d;lt‘.h was then covered with 0.6 m (2 ft) of
soil, _

The 216-8-1G system was developed in February 1954 when it became apparent that more
leaching surface was peeded. At that time, the 216-S-10 Pond was constructed to provide more
leaching surface. The two 216-S-11 Leach Pond lobes on the southeast side of the

216-5-10 Ditch were constructed o provide even more leaching surface in May 1954. Plugging
of the system occurred in part because of inadvertent dumping of aluminum nitrate nonahydrate

~ solutions. In 1955, 0.6 m (2 ft) of sediment was dredged from the bottom of the 216-5-10 Ditch

to improve water percolation in the ditch. The contaminated sediments were buriedin
gxcavation pits along the sides of the thch The depth and locatlon of the pits is unknown
(RHO-CD-798). .

The south end of the 216-S-10 Ditch remained in use until 1984, when the ditch was backfilled

and stzbilized. The north end of the ditch remains open to a depth of approximately 3 m (10 ft).
The north end of the 216-5-10 Ditch last received discharges during 1991 (BHI-00176), and the
supplying pipeline was plugged with concrete near the outfall in July 1994,

A hazardous waste discharge from the Chemical Engineering Laboratory to the 216-8-10 Ditch
and Pond occurred in September 1983. The 420 L (110 gal) of double-shell slurry stimulant,
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consisting of sodium nitrate (46 percent), sodium hydroxide (41 percent), and small quantities of
sodium phosphate, sodium fluoride, sedium chloride, and potassium chromate, were sent via the
sewer to the ditch:and pond. This discharge exhibited the dangerous waste characteristics of
ignitability, corrosivity, characteristic waste, and toxic state-only waste (WT01, WT02).
Approximately 450 kg (1,000 1b) of dangerous waste were discharged to the ditch and pond.

Radmloglcal inventory at the ditch, decayed to January 1999 (DOE-RL 96-81), includes 199 kg
of total uranium, 0.1 kg of total plutonium, 0.015 kg ! Am, 1.00 kg '*'Cs, and 0.86 kg of *°St.
During operations, the maximum volume of wastewater discharged to the 216-8-10 Ditch and -
Pond was approximately 568,000 L/day (150,000 gal/day). The annual volume of effluent
mschaxged was approximately 1.9 L x 108 L. (5 .0.x 107 gal) (DOE/RL-99-44).

24.14 216-8 10 Pond |

The 216-8-10 Pond received dlschargc from the REDOX Plant This pond was part of a system
that included the 216-S-10 Ditch and the 216-S-11 Pond. The pond was dug in 1954 at the
southwest end of the 216-S-10 Ditch to provide additional percolation surface,

The 216- S 10 Pond was an irregular-shaped, manmade pond that covered approximately
20,234 m? (5 a) and included four finger-leach trenches. The pond was appreximately 2.4 m

(8 ft) atits deepest point. The pond was fed by the 216-8-10 Ditch. Both the ditch and pond
were designed to dispose of hqmds tlu'ough percolauon into the soil column. - :

Contributors to the pond and system descrlpuon are similar to that of the 216-5-10 Ditch.
In 1984, concurrent with the 216-8-10 Ditch, the pond was stabilized (DOE/RL-99-44).

242 Summary of Data Collection Activities

This section summanzes the data collectmn activities performed during the 200-CS-1 OU R, as
well as data contained in WMP-17755; BHI-01651; PNNL-13198; BHI-062455, Transmittal of
Final Letter Report on Sampling and Analytical Activities at the 216-A-29 Ditch; and
BHI-01177, Borehole Summary Report for the 216-B-2-2 Ditch, This section also covers
drilling, samphng, analysis, and geophysical loggng The fol]owmg section, “Nature and Extent
of Contamination,” discusses the analytical resuits.

‘The RI was conducted from November 1999 to April 2003 at the two Tepresentative sites and -

two additional TSD 31tes, in accordance with the Work Plan (DOE/RL-99-44). The field _
investigations-at the four waste sites included excavating 12 test pits and drilling 4 boreholes to
collect soil samples, to define the vertical and lateral extent of contamination within the area.
historically defined as the waste site boundary. A total of 146 samples were: collected and
analyzed for radionuclides, metals, anions, polychiorinated biphenyls, volatile and semivolatile
organics, and physical properties. The four boreholes were logged with a hi gh-resolution
Spectral Gamma-Ray Logging System (SGLS) to provide continuous vertical logs of
gamma-emitiing radionuclides and were logged with a Neutron Moisture-Logging System
(NMLS) to identify moisture changes. Two additional existing wells were logged witha
high-resolution SGLS. The data collected are considered to be of sufficient quantity and quality
to support the risk assessment activities and to support evaluation of remedial alternatives and
identify preferred remedial actions. _
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The test pit locations, shown in Figures 2-5 through 2-7, were prepared by removing 0.3 t0 0.6 m
(1 to 2 ft) of topsoil from the site. The test pits were excavated to a maximum depth of 7.6 m
(25 ) bgs using a track-hoe. Samples were obtained directly from the track-hoe bucket at
intervals of approximately 0.7 m (2.5 ft). Before being placedina sample jar, soil samples were
screened in the field for alpha and beta—gamma radicactivity to assist in selecting sample points,
to support worker health and safety, and to provide shipping information. A radiological control
technician using field instruments performed radiological screening. Samples were analyzed for
chemica!, radiological, and physical properties. The test pits were backfilled in the reverse order
from which they were excavated using the track-hoe. The front-end Joader was then used to
backfill the site with topsoil and/or gravel. '

The borsholes, shown in Figures 2-5 through 2-7, were drilled using a cable-tool drilt rig. The
boreholes were advanced to total depth nsing drive barrels and split-spoon samplers. Split-spoon
samplers were the primary sampling device used to coliect chemical, radiological, and physical
property sampiles. The three boreholes were decommlsswncd with granular bentonite after
reaching total depth, in accordance with Washmgton Administrative Code (WAC) 173-160,
“Minimum Standards for Construction and Maintenance of Wells.”

Data were collected to characterize the nature and vertical extent of chemical and radiological
contamination and the physical conditicns in the vadose zone underlying the historical
boundaries of the 216-A-29 Ditch, 216-B-63 Trench, 216-8-10 Ditch, and the 216-5-10 Pond.
Drilling, test pit excavation, surface and borehole geophysical surveys, and soil sampling and
analysis were conducted during the field activities. All boreholes and test pits were completed,
and all samples were collected and analyzed for chemical of concem, as identified in BHI-01276
and the Work Plan (DOE/RL-99-44).

2421 216-A-29 Ditch Characterization

Borehole B8826 was drilled and sampled in the 216-A-29 Ditch east of the AP Tank Farm in the
200 East Area (Figure 2-5). Test pits AD-1 through AD-3 were excavated and sampled at the
216-A-29 Ditch in FY 2002 (BHI-01651) and details are summarized in this RIreport. Data
collected from Test Pit AD-3 was in addition to the data required by the Work Plan and was used
to support the decision-making process for locating a proposed waste transfer line to the Waste
Vitrification Plant as part of Project W-211. The characterization activities for the AD-3 site
were performed in accordance with BHI—(H._SﬁZ Sampling and Analysis Instruction for the
2]6-A-29 Dizch for Project W-211. Borehole B8826 was drilled throngh the 216-A-29 Ditch and
sampled during FY 2003. The borehole was terminated at 83.2 m (273 ft). The borehole was
logged using a high-resolution SGLS and an NMLS. The borehole was drilled to better define
stratigraphy and to assess the nature and vertical extent of chemical and radiological
contamination, as well as to determine the physical properties of the soil beneath the waste szte

One borehole, B8826, was drilled and sampled during FY 2003. The borehole was drilied
through the 216-A-29 Ditch, from the ground surface to depth of 83.2 m (273 ft).. Figure 2-8
shows the contaminant distribution for the 216-A-29 Ditch.
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2.4.2.2 216-B-63 Trench Characterlzatmn

Borehole B8827 was drilled and sampled and test pits BT-1 and BT-2A were excavated and
sampled in the 216-B-63 Trench, located east of the B Tank Parm in the 200 East Area

(Figure 2-6). “The two samples scheduled to be taken from Test Pit BT-1 at depths of 6.1 to

7.6 m (20 and 25 ft) were not obtained because the test pit caved in excessively. Excavation
equipment regulated for use in contannnated environments was unavailable, so sampling at Test
Pit BT-2 in FY 2002 was terminated on November 2, 2001, after sampling at the 23t0 2.6 m
(7.5 to 8.5 ft) depth. At that point, the soil was returned to the sampling pit in the reverse order
from which it was excavated. Test Pit BT-2A was excavated and sampled to 7.6 m (25 ft) on
November 11, 2002. This test pit was designated “BT-2A” to distinguish it from the FY 2002
operations. ' |

Borehole B8827 was drilled through 216-B-63 Trench and sampled during FY 2003. The
borehole was terminated at 31.4 m (103 ft). The borehole was logged using a high-resolution
SGLS and an NMLS. The borehole was driiled to better define stratigraphy and to assess the
nature and vertical extent of chemical and radiological contamination, as well as to determine the
physical properties of the soil beneath the waste site. Figure 2-9 shows thc contaminant
distribution for the 216 B-63 Trench. .

2423 216-5 10 Ditch Characterlzatlon

Borehole B8828 was drilled and sampled adjacent to the 216-S-10 Ditch, and Test Pits SD-1,.
SD-2, and SD-3 were excavated and sampled in the 216-S-10 Ditch'located in the 200 West Area
(Figure 2-7). Borehole B8828 was completed as a RCRA monitoring well and renumbered as
Well 299-W26-14 to support the RCRA monitoring program. Borehole B8828 was drilled
through the 216-S-10 Ditch and sampled during FY 2003. The borehole was terminated at

81.4 m (267 ft). The borehole was logged using a high-resolution SGLS and an NMLS. The
borehole was drilled to better define stratigraphy and to assess the nature and vertical extent of
chemical and radiological contamination, as well as to determine the physical properties of the
soil beneath the waste site. An. additional test pit, SD-3, was excavated in the 216-S-10 Ditch at
the original location of the planned Borehole B8828 to gather characterization data below the
waste site. Borehole B8828 was moved adjacent to the ditch. Figure 2-10 shows the
contaminant distribution for the 216-S-10 Ditch. The maximum concentration of uranium found
was 1.4 mg/kg, WhICh is below the background concentration of 3.21mg/kg.

2424 216~S-10 Pond Charactenzatmn

Test Pits SP-1, SP-2, SP-3, and SP4 were excavated and sampled in the 216—S 10 Pond -
(Figure 2-7). Borehole B8817 was drilled adjacent to the 216-S-10 Pond and sampled in

FY 1999. Additional details are provided in PNNL-13198. The location of Borehole B8817 is
shown on Figure 2-7. Borehole B8817 was completed as a RCRA monitoring well and
renumbered as Well 299-W26-13. The borehole was logged using a high-resolution SGLS and
an NMLS. The borehole was drilled to better define stratigraphy and to assess the nature and
vertical extent of chemical and radiological contamination, as well as to determine the physical
properties of the soil beneath the waste sites. Figure 2-11 shows the contaminant distribution for
the 216-S-10 Pond. ‘
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25 EVALUATION OF ANALOGOUS WASTE

SITES

DOE/R1-96-81 describes the grouping of 200 Areas waste sites based on process. Sifes that
received waste associated with a certain process were grouped by waste category (g.g., cooling
water). The waste categories then were grouped based on more specific process details. This
strcamlining approach was implemented to reduce the amount of characterization and evaluation
required to support remedial action decision making. Application of the concept takes into -
account similarities between waste sites such as waste stream type, discharge history, and
geclogy, as well as the available characterization data, to assess the nature and extent of
contamination. The concept builds on the knowledge gained from the characterization of a few
waste sites (representative sites) that are indicative of worst case and typical OU conditions.
Selection of representative sites generally is based on waste stream inventory, the volume of
effluent discharged, and the howiedge gamed from previous charactenzauon efforts performed
before the RL '

2.5.1 Assignmem of Analogous Sites

This section contams the rai:tonaie used o align potentlal analogous waste sites to the
representative sites and other characterized waste sites. Key to the logic is the comparison of the
characteristics of representative and potential analogous sites as well as the identification of
potential remedial altematives that may apply. Important considerations of the physical system
inciude the following: : '

‘Waste stream received

Volume of effiuent received in relation to the available pore volume for the waste site
Types and amounts of contaminants received; contaminant inventory

Waste site size _

‘Waste site configuration and construction {(e.g., crib, trench, UPR) _

Expected distribution of contaminants/ature and extent of contamination
Neighboring waste sites, structures, or utilities

Geologic setting

Potential for hydrologc and contaminant Impacts to groundwater

o o @ 8 O ® &®§ B8 ©

HFigore 2-12 shows the process for evaluating the analogous sites against the representative sites
for the RI/FS process through the confirmatory and design sampling processes. The Iatmnaie for
assxgmnc each waste site to a representative site is presented in Table 2-2.

5.2 Aaaﬂogows Sites

The five waste sites included in the 200-CS-1 OU represent 1 of the 23 process-based OUs in the -
200 Areas, Four of the sites are TSD and the other site is a RCRA past practice site, Basedon. -
the analogous group assignment criteria above, one analogous site have been developed for this
ES. Tabie 2-2 identifies the one representative site and its analogous site, plus supporting
information for determining how the analogous site compared to the representative site.
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The 216-S-11 Pond is analogous to the 216-5-10 Pond. The site was operated from May 1954 to
August 1965. The site provided additional leaching capacity for the disposal of water from the
216-8-10 Ditch. As such, it received the same waste stream as the 216-S-10 Pond and performed
the same function as the 216-5-10 Pond. -

Table 2-2 prowdes a detaﬂed comparison of the representative site and its anélogous site. This
table indicates the type and level of contamination; amount of waste received at each site, where
known; available soil pore volumc, and rationale for inclusion of the analogous sites.

2.6 BASELINE RISK ASSESSMENT SUMMARY

This section prov1des the results of the RI baseline risk assessment (RI BRA) and a refined risk
evaluation of the BRA. Ttie first portion of this section summarizes the RI BRA, which includes
the human health risk assessment for nonradionuclides, the RESiduat RADioactivity (RESRAD)
medeling for radionuclides, and the ecological risk assessment. The latter portion takes the BRA
findings and evaluates them in terms of FS needs using conventional risk assessment refinement
tools.

This process of continual evaluation, extension, and refinement in the FS is consistent w1th
EPA/540/G-89/004, Guidance for Conducting Remedial Investigations and Feasibility Studies
under CERCLA, (Interim Final), OSWER 9355.3-01. The process of using the BRA as the
foundation for extended analysis and refinement is shown conceptually in Figure 2-13 asa.
logical extension of the RI'Report into the FS. The process is essentially a sequential narrowing
and refining of the RI data aimed at defining the set of decisive risk-based issues. :

Sections 2.7 though 2.13 summarize the RIBRA. The extension and refinement of the risk
assessment is found in Sections 2.14 through 2.17. : '

2.6.1 Remedial Investigation Baseline Risk
Assessment Overwew

The following RI BRA summary is condensed from Chapter 4.0 of the RT Report
(DOE/RL-2004-17). This evaluation consists of a discussion of the conceptual site model
(CSM), the human health risk assessment for nonradionuclide contaminants, and RESRAD
modeling to assess the dose and risk from radionuclides. The dose and risk evaluation provides a
characterization of site risks to determine if remedial actions are warranted and to support
evaluation of remedial alternatives in the FS. In addition, this section includes a summary of the
ecological risk screening of the 200-CS-1 OU contaminants against screening concentrations in
WAC 173-340-900, “Tables,” Table 749-3, for nonradionuclides and in DOE-STD-1153-2002,
A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota, for
radionuclides. The latter document was prepared for the DOE by the Biota Dose Assessment
Committee. ‘This document presents screening levels or biota concentration guides (BCG) for
radionuclides along with a methodology for conducting ecological risk assessments for
radienuclides. DOE/RL-2001-54 contains additional details on DOE-STD-1153-2002.
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2.6.1.1 Physical Setting

Four sites were sampled and evaluated in the 200-CS-1 OURL: 216-A-29 Ditch,

216-B-63 Trench, 216-5-10 Ditch, and the 216-8-10 Pond. These sites are former ponds and
ditches that received inorganic and organic chemicals as part of process water and chemical
sewer waste strearns. The waste sites are described in detail in Chapter 2.0 of the RI Report
(DOE/RL-2004-17). These sites lie on the Central Plateau in and near an industrial area. The
areas proximal to these representative sites have been disturbed by operations for several :
decades. The Hanford Site climate is classified as mid-latitude semiarid or mid-latitnde desert,
depending on the climatological classification scheme. Most precipitation occurs during late
autumn and winter with more than half the annual amount occurring from November through
Febroary (PNNL-6415). Normal annual precipitation is 17.7 cm (6.98 in.). Additional
discussion of the physical setting can be found in Chapter 4.G of the RI Report
(DOE/RL-2004-17).

2.6.1.2 Ecological Setting

The overarching classification for the ecology of the Hanford Site area is shrub-steppe, although
this broad classification can be refined into a number of separate types of comununities found
within the shrub-steppe. The area surrounding the 200-CS-1 OU representative sites contains
1wo of the eight representative vegetation community types found on the Central Plateau. *At the
sites in the 200 East Areas, the vegetation surrounding the waste site consists of crested '
wheatgrass. In the 200 West Areas, both the 216-S-10 Pond and 216-S-10 Ditch lie in the
cheatgrass/Sandberg’s bluegrass vegetation community. All of the eight vegetation communities
and the available census data on plant, bird, and mammal species are described in depth
DOEBEMRI-2001-54. Site-specific descriptions of the vegetation and wildlife in the two
comenunities found at the representative sites can be found in Chapter 4.0 of the RI Report
(DOE/RL-2004-17),

2.6.1.3 Sensitive Habitats

Sensitive habitats include those identified in DOE/RL-96-32 as rare or wetlands {or riparian)
habitat. There are no sensitive or rare habitats associated with the 200-CS-1 reprcsen’sanve sifes;
wetlands do not occur within the vicinity of the representative sites.

2.5.1.4 Endangered, Threatened, and Sensitive Species

Two Federally protected species have been observed at the Hanford Site, the: Aleutian Canada
goose and the bald eagle (Haliaeetus leucocephalus). Both depend on the river corridor and
rarely are seen in the Central Plateau. The ferruginous hawk (Buteo regalis) and the sage grouse
(centrocercus urophasianus) are state threatened species that reside in the sagebrush/steppe
habitat; a small population of ferrugincus hawks nests in the 200 Areas.

Several additicnal state and Federal speciai-status species, such as burrowing owls {Athene
cunicularia), loggerhead shrike (Lanus Iudovicianusi), long-billed curlew (Numenius
americanus) and the sage sparrow (Amphispiza belli), are found in and near the 200 Areas.
Of these, only the long-billed curlew is expected to be associated with the vegetation
communities at these representative sites, though burrowing owls may be attracted to
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disturbed sites. No plants, invertebrates, amphibians, reptiles, or mammals on the Federal-or
Washington State threatened and endangered or sensmve species lists are known to inhabit the
Central Piateau ' : :

2.6.1.5 Rare Plants

Rare plant species are vascular plant species listed by the Washington Natural Heritage Program
(WNHP 1998} as endangered, threatened, or sensitive in Washington State. Rare plants and
sensitive habitats of concern ‘occur within the 200 East and 200 West fence lines, though not at
the representauve sﬂ:es : - .

2.6.1.6 Mammals of Concem

The state has classified the pygmy rabbit (Brachylagus idahoensis) as a candidate endangered
species. None has been observed to date in the Central Plateau.

2.6.1.7 New-to-Science Specles

The Nature Conservancy conducted a blodwersny survey of plants mammals Teptiles and
amphibians; birds, and insects at the Hanford Site between 1994 and 1998 (INC 1999,
Biodiversity Inventory and Analysis of the Hanford Site, Final Report 1994-1 999) “This survey
found 2 species and 1 variety of plants and 41 species and 2 subspecies of insects that had not
been known to science. Except. possibly for some of the insects, none of these new-to~sc1ence
spec:es is expected to be located near the 200 CS-1 OU waste sites.

2.6.2 L_and_-_Us_e Characterization

The land-use boundary around the 200 East and 200 West Areas Core Zone has been designated
as industrial-exclusive in DOE/EIS-0222-F, Final Hanford Comprehensive Land-Use Plan
Environmental Impact Statement. Based on DOE/EIS-0222-F and the associated 64 FR 61615,
“Record of Decision:. Hanford Comprehenswe Land-Use Plan Environmental Impact Statement

(HCP EIS Y 1ndustna{-excluswe land use is defined as “preserving DOE contro! of the

continuing remediation activities and use of the existing compatible infrastracture requn‘ed to
support act1v1t1es such as dangerous waste, radloacuve waste, and m1xed waste treatmem
200-CS-1 OU are located within this mdusmal-excluswe land-use area. Therefore the waste
sites chosen within the 200 West and 200 East Areas are being evaluated primarily under
industrial land use. An unrestricted surface-land-use scenario also was assessed in the R1 BRA .
to provide decision makers with information on potential human health impacts associated with-
worst-case exposure conditions. However, the unrestricted surface-land-use scenario does not
factor directly into the FS evaluation process. Consequently, other than for informative
reference, the unrestricted surface-land-use scenario will not be addressed in the extended risk
analys:ls . . - .

Ecologlcal-screemng criteria assxgned to both mdustnal and unrestricted land-use scenarios also
were evaluated. Based on standards in specific sections of Ecology guidance. (W AC 173-340,
“Model Toxics Control Act -- Cleanup”), the lowest of the plant, soil biota, and wildlife
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screening levels for ecological risk were used to assess the unrestricted surface-land-use
scenario, whereas only the wildlife ecological risk screening levels are being used for screening
under the industrial-land-use scenario. Once again, only the industrial-land-use scenario wildlife
ecological risk screening information is relevant to the FS process.

2.6.3 Beneficial Groundwater Use

Regardless of the land-use designation for soil, groundwater cleanup levels are based on the
highest beneficial use and reasonable maximum exposure expected to occur under both current
and potential futurs waste site use. Groundwater use is not an issue for ecological receptors at
these sites because no groundwater connection to the surface is available to allow wildlife
access. In addition, the aguifer is too deep for plant roots to bring groundwater from the aquifer
back to the surface at the sites. Local groundwater is not a current source of drinking water at
the 200-CS-1 OU waste sites. In addition, groundwater beneath the waste sites is not anticipated
1o become a future source of drinking water until groundwater risk-based concentrations are met.
Under current conditions, no complete human exposure pathways to groundwater ars assumed at
the waste sites. The risks for the Centra} Plateau were evaluated in PNNL-13788. Groundwater
remediation will be addressed through the appropriate groondwater OUs (200-BP-5, 200-PO-1,
200-UP-1).

2.64 Conceptual Exposure Model for Human
Exposure

An exposure pathway is the means by which a contaminant moves from a source to a receptor
(a potentially exposed individual or organism). A complete exposure pathway has the following
five elements:

e A contaminant source
¢ A mechanism for contaminant release
e Amn environmental transport medium

s An exposure point (i.e., a location where people or wildlife can come into contact with
the contaminants)

s - A feasible route of exposure (ingestion, dermal contact, direct exposure, or inhalation).

Figure 2-14 is a condensed and refined version of the CSM from the RIBRA. Exposure can
occur when contaminants migrate from their source to an exposure point or when a receptor
moves into direct contact with contaminants or contaminated media close to the source. 'An
exposure pathway is complete if a means is available for the receptor to be exposed through
ingestion, inhalation, direct exposure, or dermal absorption at a location where site-related
contaminants are present. No exposure (and therefore no risk) exists unless the exposure
pathway is complete.
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Evaluation of the exposure pathway model is a key feature in the RI/FS risk-assessment process.
The CSM also is used in the F'S to evaluate remedial action by considering pathway
modifications (e.g., contaminant sources, releases, t:ransport Or exposure points}) through the use
of technologies and institutional controls.

2.6.4.1 Potential Human Exposure Pathways

The four sites (216-A-29 Ditch, 216-B-63 Trench, 216-8-10 Ditch, and the 216-5-10 Pond) are
located within the Core Zone, based on DOE/EIS-0222-F, The most probable future land use in
these areas is continued industrial uses, Examination of Figure 2-14 demonstrates that afl
potentially complete human exposure pathways are associated with exposure to shaliow zone
soils, which has been defined as extending from the ground surface to a depth of 4.6 m

(15 ft) bgs. This soil depth is associated with potential exposure under an industrial land-use
scenario in WAC 173- 340-740(6}(d), and WAC 173-340-745(7). This represents a reasonable
estimate of the depth of soil that could be excavated and distributed at the soil surface as a result
of site development activities.” o - .

In the RI BRA, potential exposure concentrations at each site were represernited by the maximum
detected concentration in the.0 to 4.6 m (0 to 15 ft) soil column, referred to as “shallow-zone
soil.” An upper confidence limit (e.g., 95%UCL) on an average concentration is the generally
recornmended approach for estimating an exposure-point concentration (EPC) (EPA 2002,
Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste
Sites, OSWER 9285.6-10). However, because of the nature of the analysis expressed inthe
RIBRA, it was believed that 2 maximum concentration should be used which resulted in a
highly conservative assessment. While potentially appropriate for a screening level assessment,
the use of a maximum values to estimate EPCs for contaminants that are spatially dispersed over.
a sizeable exposure area may not be as suitable a technique as the use of 2.95%UCL computed
with the robust methods suggested in OSWER 9285.6-10. On this basis, the effects of usinga
95%VUCL concentration estimate, in lieu of the maximum concentration to assess exposure, will
be considered in the extended risk assessment. : .

2.6.4.2 Groundwater Pathway

Exposure to groundwater constituents was not directly incorporated into the exposure models for
either radionuclides or nonradionuclides because groundwater in the 200 Areas is not used as
drinking water and is hot anticipated to be a drinking water resource in the future. In the -
RI BRA, potential impacts to groundwater for nonradionuclides were screened by comparing the
maximum detected soil concentration at any depth in the vadose zone to WAC 173-340-747,
“Deriving Soil Concentrations for Ground Water Protection,” soil screening values developed for
groundwater protection. The use of these conservative generic screening values to assess the
potential impacts to groundwater, in li ght of s1te—specxﬁc conditions, will be considered in the
extended risk assessment. Potential groundwater impacts of radlonuchdes were evaluated w1thm
the RESRAD modeling framework.
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2.6.5 Potential Ecological Exposure Pathways

The RIBRA found that the major ecological exposure pathways expected at the representative
sites in the 200-CS-1 OU waste site are direct ingestion of contaminated soil and ingestion of
food items that have taken up contaminants from soil. Although some standing water potentially
could remain after precipitation events, these sites have no permanent bodies of water.

Therefore, only pathways associated with exposire to contaminated soil were considered to be

- complete. Species potentially present at the representative sites include both surface-dwelling

species and a number of burrowing species such as harvester ants.

The exposure pathways included when developing the screening levels in the RI BRA included
complete exposure pathways except for inhalation and dermal exposure. Although these
pathways contribute to the dose of contaminants of potential ecological concern (COPEC)
received by animals, the contribution from these pathways is expected to be relatively small and
not contribute significantly to receptor exposure (EPA 2003, Guidance for Developing
Ecological Soil Screening Levels, OSWER Directive 9283.7-55).

Once again, the soil concentrations used to represent the EPCs for contaminanis at this site were
the maximum detected concentrations seen at any. point within the top 4.6 m (15 ft) of the soil
column below ground surface. Agam effects of using maximum concentrations to assess
expostre will be considered in the extended risk analysis.

2.7 HUMANHEALTH EVALUATION FOR
NONRADIOLOGICAL CONSTITUENTS

As dascussed in the RI BRA potential adverse health effects are evaluated in the absence of any
rernedial action. This evaluation generally consists of four steps: data collection and analysis,
exposure assessment, toxicity assessment, and risk characterization (EPA/540/1-89/002, Risk
Assessment Guidance for Superfund (RAGS), Volume I -- Human Health Evaluation Manual,

(Part A) Interim Final, OSWER 9285.7-01A). In addition to this overarchmg directive, the
following guidance was used in conducting the human health evaluation for nonmdmloglcal
constituents:

» Ecology 94-145, Cleanup Levels and Risk Calculations under the Model Toxics Controi
Act Cleanup Regulation; CLARC, Version 3.1, which provides screening levels for
nenradioactive analytes regulated under WAC 173-340-740, WAC 173-340-745, and
WAC 173-340-747.

o DOE/RL-92-24, Hanford Site Background: Part 1, Soil Background for Nonradioactive
Analytes, which provides soil background concentrations for nonradicactive analytes.

These primary guidance documents defire the main framework of the screening level RI BRA.
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2.7.1 Nonradiological Contaminants of Potential
Concern for Human Health :

Contamznants of potentlal concern (COPC) are those constituents that pose potennally
unacceptable human health risks. Actions to improve the undetstanding of COPC distribution
and/or mlgranon in the environment or actions to mmgate potential exposures are evaluated in
this FS. The technical approach for 1dent1fy1ng nonradionuclide COPCs is discussed in detail in
the RI Report (DOE/RL-2004-17) and summarized in the following sections. Figure 2-15
presents the general approach to the COPC screening process used in the RIBRA. The approach
is widely used in screening COPCs for risk assessment at hazardous waste s1tes., itis frequently
tailored to s1te-smc1ﬁc circumstances.

2.7.2 Data Evaluatmn

o All soil data collected under the 200-CS-1-OU Work Plan (DOEJRL—99-44) was
cons1g1e_red in the human health evaluation.

o All nonradiological constituents detected in one or more samples 'were included in the
human health risk evaluation. Sample data with estimated concentrations (“B” or “J”
qualification flags) were evaluated at the reported concentration in the risk evaluation.
Rejected (“R” qualified) data were not used in the risk evaluation. If duplicate sample

results were available for a sample, the highest of the reperted concentranons was used in

the risk evaluation.

o ‘The main distinction for data use in the human health risk evaluation was the sample

~ depth. Maximum detected concentrations from analytlcal data from samples collected in

-shallownzons soils (depths of 4.6 m[15 ft] or less) were evaluated for direct contact by
comparison to WAC 173-340-740 (untestricted) and WAC 173-340-745 (industrial) soil
cleanup standards Maximum detected concentrations from analytical data from samples
collected at all depths (deep~zone soils) were evaluated for potential groundwater impacts
by comparison with soil cleanup values calculated using the fixed-parameter three-phase
partition model described in WAC 173-340-747.

Sample results for the ZOO-CS -1 OU representative s1tes can be found in Tables 4-1 through 4-4
of the RI Report CDOEJRL 2004-17). _

The COPC determination process included standard evaluation steps proved by guldance as
surnmarized in the following sections. _

2.7.3  Identification of Essential Nutrients

Chemicals that are considered essential human nutrients, that are toxic only at high doses, and
that are present at concentrations only slightly higher than naturally occurring levels, are not
generally evaluated in a human health risk assessment (EPA/540/1-89/002). Examples of such
chemicals described in EPA/540/1-89/002, Section 5.9 .4, include iron, magnesium, calcium,
potassium, and sodium. To ensure that site concentrations are not significantly elevated above
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background levels, these analytes were included in the background screening before being
elimirated as essentlai nutncnts

2.7.4 Background Sm'eenﬁng

As described in the RI Report (DOE/RL-2004-17), detecied constituents that are not essential
nutrients were screened for consideration in the risk-based evaluation by comparing the
maximum detected concentration with background concentrations. Generally, the Hanford Site
lognormal $0™-percentile background values are used as the benchmark to identify potentially
site-related contaminants in the background screening, as recommended in DOE/RL-92-24.%
Background criteria have not been developed for organic chemicals in Hanford Site soils.
Therefore, concentrations of these constituents have been compared to soil cleanup levels
without a pricr background screening.

The results of the background comparisons for inorganic chemicals, indicating those chemicals
detected above background levels in one or more samples and detected chemicals for which
background data are unavailable, are presented in Table 4-5 of the RI Report
{(DOE/RL-2004-17). A summary of the RI BRA background comparisons indicates that the
foliowing constituents are present in shallow- and/or deep-zone soil at maximum concentrations
greater than background or do not have an apphcablc background value and will be eva!uated by
comparison (o WAC soil cleanup ievels

s 216-8-10 Ditch. Arsenic, blsmtim, boron, total chromium, hexavalent chmmiums copper,
lead, mercury, molybdenum, nickel, nitrate, nitrite, nitrate/nitrite, phosphate, selenium,
silver, sulfide, thallium, vanadium, and zinc.

o 216-8.10 Pond. Barium, boron, total chromium, hexavalent chromium, cyanide, lead,
mercury, molybdenum, nickel, nitrate, nitrite, nitrate/nitrite, phosphate, selemum, sﬂvcr,
suiflde thallium; vanadium, and zinc.

® 216-]3-63 Trench. Ammeoenia, bismuth, boron, cadmium, {otal chromlum, hexavalient
chromium, copper, molybdenum, nickel, nitrate, nitrite, nitrate/nitrite, phosphate,
seleniym, sulfide, thallium, vanadium, and zinc. -

o 216-A-29 Ditch. Ammeonia, arsenic, barium, bismuth, boron, cadmium, caicium, total
chromium, hexavalent chromium, chloride, copper, {luoride, lead, mercury, molybdenum,
nickel, nitrate, nitrite, nitrate/pitrite, potassium, selenium, silver, sodium, sulfate, sulfide,
thallium, vranium, vanadium, and zinc. '

Maximum detected values of the essential nutrients calcium, potassinm, aﬁd sodium were above
background levels only at the 216-A-29 Ditch. As discussed in the RI Report
(DOE/RL-2004-17), the maximum values for these analytes ranged from appmmmabely

* This is = non-inferential comparison used mainly fo streamline the process when rigorous statistical processes
cannot be used.

2-33



NN S N 5 g S

S\ L

10
i1
12
13
14
15
16
17
18
19
20
21
22
23

25
26
27
28
29
30
31
32

33
34
35
36
37
38
39

DOE/RL-2005-63 DRAFT A

5 percent.(potassium) to 40 percent (calcium) greater than background levels. Although
technically in excess of the screening criteria, the maximum concentrations of these analytes are
consistent with the condition of being only slightly higher than background (EPA/540/1-89/002).
Therefore, these essential nutrients were not evaluated further in the risk assessment.

2.7.5 Sereening to WAC 173-340 Soil and
Groundwater Protection-Screening Standards = -

One of the principal discrimination techniques used in the screening-level evaluation is that of
comparing measured environmental media concentrations to recognized benchmark
concentrations. The benchmatk concentrations typically are indexed to accepted, and frequently
conservative, exposure models and toxicity assumptions. At the same time, for purposes of
screening media and exposure pathways, the measured environmental media concentrations used
to gauge the risk posed by site conditions often are biased and expressive of near worst-case
conditions rather than more likely, or typical, exposure.conditions. For the four 200-CS-1 OU
reference sites, the screening benchmark concentrations taken from WAC 173-340 are.
intentionally conservative values based on protective exposure assumptions and traditional

U.S. Environmental Protection Agency (EPA) Integrated Risk Assessment System {IRIS)
toxicity information. Additionally, maximum measured reference site soil concentrations were -
used to gauge the threat posed by the entire representative site. Thus, as reported in the

RI Report (DOE/RL-2004-17), the results of the process of comparing WAC 173-340 soil and
groundwater protection screening standards to maximum concentrations from the representative
sites 1o process are regarded as highly protective and express a significant err on the sideof
safety. The results of the screening can be used with a high degree of confidence that, if media
and pathways are screened out, residual risks are well within acceptable limits.

Inorganic constituents with maximum detected concentrations exceeding background screening
values, and organic chemicals detected in ene or more samples, were screened using

WAC 173-340-740 and WAC 173-340-745 cleanup standards. The maximum detected
concentration in the upper 4.6 m [15 ft] (shallow-zone scil) was compared to direct-contact
cleanup levels for industrial land use (WAC 173-340-745 standards) and-unrestricted land use
(WAC 173-340-740 standards). As described previously, industrial land use is the primary basis
for identifying potential COCs in the screening assessment of direct soil contact. Screening for
residential land use, whlch represents worst-case exposure 1nten31ty, was prowded only for
mfonnatmn :

The maximum detected concentration of inorganic constituents deep-zone soil was compared 1o
WAC soil cleanup levels for groundwater protectien.- Groundwater cleanup levels and
analyte-specific chemical properties used in the calculation of the soil cleanup levels were
obtained from Ecology 94-145. The fixed-parameter (default values) variant of the three-phase
equilibrium-partitioning model (WAC 173-340-747) was used for calculating soil cleanup levels
for groundwater protection. Additional information on this screening step, including exposure
parameter assumptions for industrial and unrestricted land use, and values used in the
three-phase equilibrium-partitioning model, are found in the RI Report (DOE/RL-~2004-17).
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Table 2-3 shows the resulis of the screening comparisons (see Figure 2-15) between the BRA
and the maximum concentrations detected above WAC levels for direct contact under the
industrial land-use scenario. The X~mark indicates that the maximum concentration exceeded
the screening concentration in the upper 4.6 m {13 ft] (shallow-zone soil). The actual
direct-contact comparisons and groundwater protection cormparisons for organic and inorganic
chernicais at each site are presented in the RI Report (DOE/RL~2004-17).

Inspection of Table 2-3 reveals that, for industrial Jand use, maximum detected values in
shallow-zone soil exceeded WAC 173-340-745 industrial direct exposure-screening values, or
screening values were unavailable, for the following constituents:

s 216-A-29 Ditch. Bismuth and TBP
e 216-B-63 Trench. Bismuth

¢ 216-8-10 Ditch. Bismuth

o 216-8-10 Pond. None.

For groundwater Iii'ote:cﬁon, maximum detected values of regulated chemicals in deep-zone soil
exceeded WAC 173-340-747 groundwater protection-screening values, or sCreening values were
unavailable, for the following constituents:

o 216-A-29 Ditch. Aroclor 1254, arsenic, benzo(a)anthracene, bismuth, cadmium,
chrysene, 1,2-dichloroethane, mercury, methylene chicride, nitrate, mtratelmmte silver,
sulfate, TBP, and uranium. ‘

» 216-B-63 Trench. Benzene, bismuth, cadmium, nitrate, and nitrate/nitrite.

s 216-5-10 Ditch. Aroclor 1254, arsenic, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)flucranthene, benzo(k)fluoranthene, bismuth, chrysene, mercury, and silver.

o 216-5-10 Pond. Methylenc chioride and viny! chiloride,

Risk-screening criteria were available for all constituents excepting bismuth and TBP. Insoluble
bismuth saits are considered to be nontoxic and are used pharmaceutically as antacids and to
contro] diarthea (Amdur et al. 1991, Casarett and Doull’s Toxicology: The Basic Science of
Poisons). The presence of low concentrations (less than 10 mg/kg) of bismuth at some sites
therefore is highly unlikely to constitute a potentially significant health risk. TBPisa potentially
toxic compound that has exhibited central nervous system effects in some animal studies.
However, the EPA has not published toxicity values for this compound, nor for any other
phosphate ester that might be used as a toxicity surrogate, and it is not listed in the CLARC 3.1
tables associated with WAC 173-340-740, WAC 173-340-745, and WAC 173-340-747. TBP
was detected at the 216-A-29 Ditch at a maximum concentration of approximately 0.5 mg/kg,
which is 2 negligible soil concentration for industrial land use, even for potent carcinogens such
as benzo{a)pyrene or central nervous system toxicants such as lead. TBP, therefore, is unlikely
to pose a significant health risk at the 216-A-29 Ditch. Scientific rationale presented in the RI

% Araclor is an expired trademark.
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Report established that these two compounds do not pose a 31gn1f1cant threat a:nd they were
omitted from further conszderatxon as COPCs ‘

A key premise established in the RI Report is that, for site conditions where an uncontarmnated
vadose zone lies above the water tabie, and where a chemical distribution coefficient (i.e., the

K, value) is relatively high, the equilibrium partitioning model (WAC 173-340-747,

Equation 747-1) will not satisfactorily express the fact that a chemical is unlikely to migrate
from the contaminated zone to groundwater, in all cases. This is particularly pronounced in the
case of the higher molecular weight hydrophobic organic compound such as Aroclor and some
metals. In the 200 Area composite analysis, it was determined that constituents with K4 values
of 40 L/kg or greater are essentially immobile in the vadose zone and groundwater of this area
(PNNL-11800, Composite Analysis for Low-Level Waste Disposal in the 200-Area Platean of the
Hanford Site). Table 2-4 lists those compounds from Table 2-3 that exceed the screening level
for protection of groundwater and their individual X4 values, and provides a finding for each
constituent. As indicated, 12 of the COPCs whose maximum soils concentrations exceeded
groundwater protection-screening levels have Kgs less than 40 L/kg and would have the potential
to actually reach and affect groundwater. The remaining eight COPCs whose maximum soils:
concentrations exceeded groundwater protection-screening levels have Kgs greater than 40 Lfkg
and would not have the mobility potential in the vadose zone to reach and affect groundwater.

2.7.6 Summary of Nonradiological Contaminant of
Potential Concern and Uncertainty Analysis

Based on a review of Table 2-3, the results of the risk evaluation indicate that no potentially
significant health risks are associated with direct soil contact under mdusmal land use, the
primary land-use scenano '

The results of s0il screening for groundwater protection found in Table 2-4 indicate that several
soil constituents (Aroclor 1254, arsenic, benzene, bénzo{a)anthracene, benze(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, cadmium, chrysene, 1,2-dichloroethane,
fluoranthene, mercury, methylene chloride, nitrate, nitrate/nitrite, silver, sulfate, uranium, and
vinyl chloride) may have potentially si ignificant groundwater impacts. As descnbed in
Section 4.2.2 of the RIReport, the finding of potential groundwater impacts for some of these
constituents is an artifact of the use of the fixed-parameter three-phase parntlomng model. This
model, described in WAC 173-340-747, is an equilibrium mode] that does not account for
transport through an uncontaminated vadose zone. In fact, for most-of the constituents, a
considerable thickness of vadose zone separates contamination from the aquifer. As discussed i m
PNNL-11800, constituents with K, values of 40 IJkg or-greater are highly unhkely tobe able to
infiltrate through an uncontaminated vadose zone to groundwater.

28 HUMAN HEALTH EVALUATION FOR
RADIOLOGICAL CONSTITUENTS

The RESRAD computer code (ANL 2002, RESRAD for Windows) was used to evaluate potential
adverse health effects associated with residual radionuclides in soil at the four representative
sites (216-A-29 Ditch, 216-B-63 Trench, 216-8-10 Ditch, and the 216-S-10 Pond). Rachologxcal
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COPCs were identified based on detection status and comparison to background concentrations.
The results of RESRAD modeling of potential health effects associated with exposure to
radionuclides in shallow-zene soil and groundwater impacts related to infiliration of
radionuclides in deep-zone soil are summarized below and described in detail in the RI Report
(BOE/RL-2004-17).

381 Selection of Radiological Contaminants of
Potential Concern in Shallow-Zone Soil Samples

As discussed in the RIReport (DOE/RL-2004-17), COPCs are those radionuclides that pose
potentially unacceptable radiological dose and/or cancer risks. According to the RI Report, if
exposure to radicnuclide COPCs was estimated to exceed dose or risk criteria then additional
risk assessment evaluation is performed. These evaluations include improved understandmg of
COPC distribution and/or migration in the environment plus actions to mitigate potential
CXDOSULES.

2.8.2 Background Screening

Hanford Site 90m-percentﬂe background values were used to identify potentlally Site-related
contaminants.in the background screening. ’Ifhe background values were identified in
DOE/RL-96-12, ngford Site Bacﬁcground Part 2, Soil Background for Radionuclides. The -
backgmund screening was conducted separateiy for shaliow-zone soils (0to 4.6 m [0 t0 15 &1)
and deep-zone soils (0 m to groundwater). Shailow-zone radionuclide concentrations were
evaluated for health impacts related to surface exposure, whereas radionuclide concentrations
from any depth were evaluated for potential groundwater impacts. Constituénts with a maximum
detected concentration exceeding background in shallow- and/or dcep-zone soil, or for which no
background value is available, were retained for evaluation in RESRAD

The following constituents are present at Maximum concentratlons greater than background or do
not have an applicable background-value and will be further evaluated for either surface. |
exposure and/or potential groundwater irapacts:

o 216429 Diteh. 'Am, "Zsb, ¥Cs, PNp, PP, 259”4% -’-“Ra,, mm S, tritium,

o 216-B-63 Trench. *!Am, 'Cs, ®"Np, ®Ni, ®Tc, #°Th, **Sr, and tritium.
o 216-8-10 Diteh. ***Am, ®Cs, ®Ni, ****pu, *Ra, **Th, ®°Th, ®*Th, *°Sr, and tritium.
> 216-8-10 Pond. **'Am, "“C, ®'Cs, ®'Np, ®Ni, #¥*py, #*Th, ®°Th, *Sr, and tritium,
2.8.3 RESRAD Assumptions and Tnput Parameters
Waste site-specific or Hanford Site-specific data were used where available as input parameters

for the RESRAD modeling, The types of parameters for which such data were used included
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vadose zone hydrogeologic characteristics, radionuclide Xy values, the dimensions of each site,
and the depth of cover material on each site. A detailed explanation of the derivation and
application of waste site-specific'and Hanford Site-specific physical data for the RESRAD
modeling is provided in the RI Report (DOE/RL-2004-17).

Maximum detected concentrations of radionuclides in the 0 to 4.6 m (0 to 15 ft) shallow-soil
zone were evaluated in RESRAD for potential radiation dose and cancer risk from surface
exposure. Potential radiation dose and cancer risk associated with these concentrations were
assessed under two conditions related to the presence or absence of existing cover. In the first
condition, the maximum detected concentration was assumed to be uniformly present across the
entire site area from 0 to 4.6 m (0 to 15 ft) bgs. In the second condition, the maximum detected
concentration was assumed to be uniformly present across the entire site area to a depth of 46 m
(15 ft), but the site-specific depth of existing cover identified in the RI data was accounted for in
the RESRAD modeling. The cover material was assumed to be “clean,” such that the cover was
free of any radionuclides.

2.8.4 RESRAD Results

Radionuclides with maximum detected concentrations in shallow-zone soil exceeding
hackgrouﬂd—éCreémn g values or for whxch backgmimd values were unava:lable ‘were evaluated
(ANL 2002).. As descnbed in Sectlon 442 of the RI Report results were presented for both
industrial and unrestricted surface land use and for present-day surface conditions (cover
material, if present) and potential worst-case surface conditions (no cover). RESRAD output
was obtained at the belong model years: 0, 1, 10, 30, 100, 150, 250, 500, and 1,000. Detailed
RESRAD modeling results are presented for the individual waste sites in Sections 4.4.3.1-to
4.4.3.4 of the RI Réport (DOE/RL-2004-17). Radionuclide doses for each exposure pathway and
radionuclide are summed to calculate the tofal dose to an individual. For both the industrial- and
unrestricted surface-land-use scenarios, radiation doses are below the 15 mrem/yr target dose
limit throughout the modehng penod

Cancer risks for each exposure pathway and radionuclide are summed to calculate the total
cancer risk to an individual. Cancer risk estimates are evaluated relative to the target risk range
of 10 to 10™* described in 40 CFR 300, “National Oil and Hazardous Substanccs Pellutlon

Contingency Plan.”
Table 2-5 summarizes the findings. The key observations are as follows:
s 216-A-29 Ditch:

— No dose or risk exceedances for either of the industrial cover scenarios. There is an
exceedance in dose but no risk for the industrial, no-cover scenario. There are
projected exceedances of dose and risk for the cover and no-cover unrestricted
scenarios.

— Contamination (tritium) breakfhxoughs io groundwater in year 10 at concentration
producing a maximum dose of 0.005 mrem/yr. The dose is insignificant.
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s 216-B-63 Trench:

— No dose or risk exceedances for either the cover or no-cover industrial scenarios.
There is an exceedance in dose and risk for the unrestricted, no-cover scenarios. Note
that the exceedance disappears by year 100.

— Contamination (T¢-99) breakthroughs to groundwater in year 708 at concentration
producing a maximum dose of 0.015 mrem/yr. The dose is insignificant.

» 216-S-10 Ditch: No dose or risk exceedance, and no contaminant breakthrough to
groundwater projected over the 1,000-year modeling framework.

o 216-5-10 Pond:

— No dose or risk exceedances for either the cover or no-cover industrial scenarios
Exceedance in dose and risk for the unrestricted, no-cover scenarios. Note that the
exceedance disappears by year 10.

— Ng contaminant breakthrough to groeundwater projected over the 1,000—963:( modeling
framework. :

i&S Human Health Evaluation of Radiclogical
Contaminants of Potential Concern and Impaects
to Groundwater

The analysis of potential surface exposure and groundwater impacts using the RESRAD
computer code contains protective biases meant to ensure that the results represent a reasonable
worst-case evaluation. Overzall, the evaluation demonstrates that, for the intended industrial land
use, the threat of radionuclide COPCs is very small and within dose and risk limits. One
potential exception is the 216-A-29 Ditch where in the unlikely event that industrial use resulis
in erosion of the cover, or the unearthing of subsurface materials, a dose exceeding 15 mrem/yr
is projected. '

A major uncertainty associated with the RESRAD evaluations is the use of maximum detected
constituent concentrations in the top 4.6 m (15 t} of soil to represent a chronic exposure
concentration across the entire site. The use of maximum detected constituent concentrations
almost certainly introduces a very conservative bias into the radionuclide dose and risk
evaluations.

The RESRAD exposure mode] is based on reasonable worst-case exposure conditions, as
described in the RI Report (DOE/RL-2004-17). Such input parameters as soil ingestion rate,
exposure frequency, and exposure duration are biased toward the upper end of likely exposure
values. In addition to the protective bias related to specific parameter values, a question of
theoretical versus actual land use arises when considering the RESRAD results. Presently, the
prireary receptors in the area of the waste sites in the 200-CS-1 OU are field personnel involved
with sampling and monitoring. No chronic, daily exposure scenario is being realized at these
sites at this time. Hence, the industrial doses and risks are inherently theoretical, Where
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maximum exposure occurs at time 0, the industrial scenario results are biased from temporal
discontinuity between the model time and a time when the exposure scenario might actually be
realized. This 51tuat10n is dramatically exacerbated in the unrestricted surface-land-use scenario.
The probability of realizing a future land-use scenario involving intensive small-scale
agriculture, where residents are consuming a variety of home- raised agricultural products over a
period of 30 years, is in all likelihood very slight and unrealistic for the foreseeable future.

Generally, considering the overall lack of significant threat suggested by the marginal results
summarized in Table 2-5, when taken in light of the considerable conservative protective bias, it
appears that radionuclide COPCs detected at the 200 Cs-1 representatlve sites pose Little actual
human health threat.

2.9 ECOLOGICAL RISK SCREENING

The ecological risk-screening process, which is summarized below and employed in‘the
RI Report, was very analogous to the process used to screen soil for human health consideration
(see Figure 2-15);

All positive detections in soil < 15 feet bgs
Essenﬁai nutrient screen '
Backgroﬁnd screen
Ecoto:dcitjr;based soil concentratién screen

Accordmg to the RI Report (DOEJRL—ZO()4-17) Steps 1 and 2 of the ecological risk assessment
guidelines for Superfund process (EPA/540/R-97/006, Ecological Risk Assessment Guidance for
Superfund: Process for Designing and Conducting Ecological Risk Assessments [Interim
Final]) consist of a risk screening that compares concentrations of COPECs in media at the site
to ecotomc:lty-based soil concentrations. According to EPA, this two-step process is essentially
equivalentto a screemng-levei ecological risk assessment (SLERA). In many cases, a SLERA

- provides suitable information necessary to categorize site conditions as acceptable for specﬂ:'ic

land uses. Thus, for practical purposes, the RI BRA ecologxcal risk assessment meets the
functional definition of a SLERA.

For risk screening at the 200-CS-1 OU representative sites, pre-established soil-screening levels
for protection of wildlife (from WAC 173-340-900, Table 749-3) were compared to the
maximum detected soil concentration. The ecological soﬂ—screenmg level (Eco-SSL) developed
by the EPA (EPA 2003, OSWER Directive 9285.7-55) for screening soils at contaminated sites
also were used for comparison to- concentrations of nonradionuclides for which Washmgton State
values were not available. Soil concentrations of radionuclides were compared to the dose—based
soil-screening levels developed in the BCG for protection of terrestrial systems
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(DO]E—STD 3153~2®02) Al of these screening levels were developed based on mathcmatlcal
models incorporating estimates of m‘take thmugh food and soﬂ in gestmn pathways.

These screening levels are based on modsled risk to generalized receptors representmg plants,
soil biota, marnmals, and birds. The conservatively derived levels are expected to be protective
of plant and animal species currently found ax these sites, as well as those species that may
inhabit the sites in the future.

2.9.1 Ezxposure Parameter Estimates

Most of the scr‘éeﬁing’ values used in this analysis assume that the receptor is exposed to the site
100 percent of the time, This assumption is the basis of 'chw screening values dcveloped for the
BCG and the Eco-SSLs.

All screening levels considered in this analysis incorporate 100 percent bioavailability of
chemicals and radionuclides in soil and food items. For many chemicals, this assumption .
overestimates the dosé si ignificantly, and therefore overstates the potential risk to-the ecological
receptor. The exposure patameters used in develong the screening values are designed to
provide a significant level of conservatism fer a screening assessment.

282 Ecological Toxicity of Contaminants of Potential
Ecological Concern

The exposure routes considered in developing the scrcening ievels are direct ingestion of food
and soil. The toxicity values used to develop the screening values are therefore also based

on ingestion. The ﬁoxzcﬁy valhues for the WAC 173-340-7490, “Terrestrial Ecological Evaluation
Procedures,” screening values and the Eco-SSLs comrespond to doses that, based on the results of
toxicity studies, are expected to be low encugh to prod:uce minimal or no adverse effécts in the
species being considered. The radionuclide screening levels are based on a total dose of

0.1 rad/day to the terrestrial wildlife species. The screening levels for soil provided in the BCG -
include both the internal dose from mgestion of radmnuchdas from food or soil and the extemal
dose from smface exp&sure to soﬁ '

2.5.3 Ssmnmg-hvel Rxsk Calculations

This section presents the resuits of the companson of the maximum concentration detected in the
upper 4.6 m (15 it) of the soil coluran at each of the waste sites with the applicable screening
levels. As discussed above, the preliminary risk compares the maximum concentrations of
COPECs in soil to ecotoxicity-based soil coneentrations as ﬂiustrated in muamen 1.

Maxzmlmum soil concentrahon <15 ft bgs , Eq.1

. H o
_ Q Ecctommty basedsoﬂconcentrauon
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The resulting ratio of this. comparison is conveniently referred to as the hazard quotient (HQ) for
ratioed concentrations. The maximum concentration of each chemical was compared to its
screening value for industrial land use and its screening value for unrestricted surface land use.
In the same fashion, the maximum concentration of each radionuclide was compared to its BCG,
which is the screening level for both the industrial and unrestricted surface land-use scenarios.

A summary of the screening SLERA cal;:ulaﬁon results is presented in Table 2-6.
The main points apparent from Table 2-6 include the following.

¢ Only 15 COPECs produce HQs exceeding 1.0. Of these, only five constituents (boron,
total chromium, silver, vanadium, and Aroclor 1254) produce HQs greater than 10.

¢ Only one radionuclide COPEC, radioactive strontium, has a HQ éxc;cedin_'g 1.0.

s Most of the other ten compounds have relatively small HQ unity exceedances. Notably,
arsenic; cadmium, copper, molybdenum, thaftium, zinc, and radioactive strontium HQs
are between 1.0 and 2.0. Considering the conservatisms underlying the HQ estlmates,
these exceedance are probably insignificant from a practical perspective.

s The 216-A-29 Ditch has the most HQ exceedances (ten), followed by the 21:6-8-'10 Ditch
(nine), 216-B-63 Trench (four), and the 216-S-10 Pond (three).

294 Ecological Risk Assessment Summary and
Uncertainty Assessment

The media screenmg levels used in this screening assessment were demgned to provide
concentrations that were highly protective enough to be used to screen out potential
contaminants at a2 wide range of sites. As indicated above, conmdenng the number of
constituents for which HQs were computed (e.g., all metals, inorganic, orgamcs and
radionuclides totals.to approximately 240 candidate constituents) the data suggest | that
contaminant occurrence at elevated concentrations is not w1despread Moreover, with the '
exception of several compounds (boron, total chromium, silver, vanadium, and Aroclor 1254),
the screening calculations do not suggest notably high levels of COPECs. “This finding, when
coupled with knowledge that the eco-toxicology screening criteria are conservative in their
character and that maximum concentrations were used in the HQ computations, suggests that.
there is little concern for significant ecological risks resultmg in matenal damage at any of the
200-CS-1 OU rcpresentatwe snes ~ . : _

210 REMEDIAL INVESTIGATION BASELINE
RISK ASSESSMENT SCREENING VALUES

A summary of all of the screcning values used in R can be found in Table 2-7. This tabie
presents the background values, industrial direct-contact screening values, groundwater
protection values, and industrial ecological-screening values by each constituent and provides the
overall most restrictive or governing value. The overall screening level RI BRA summary, in
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terms of the COPCs whose maximum concentrations exceeded screening concentrations, is
presented in Table 2-7. Inspection of Table 2-7 reveals the following.

» The Hanford Site background benchinark is the governing screening value for only six
constituents. '

o The industrial direct-contact screening values is the controlling vaiue for only two
constituents.

e For 35 constituents, including nearly ail organic compounds, the groundwater protection
benchrark is the most restrictive value.

¢ The industrial scenario ecological-screening value is the most restrictive screening value
for 11 constituents.

The primary risk-based issues addressed here are protection of groundwater and limited threats
to ecological receptors.

2,11 BASELINE RiSK ASSESSMENT -
EXTENDED ANALYSIS

2.1L.31 Infroduction and Basis

The RI BRA was conducted using a conventional regulatory-based screening-level technique
involving the following activities:

Evaluating the data for undetected constituents

Screening data against background constituents

Making human health risk assessment determinations for nonradmlogmal constituents
Bvaluating ecological risk using indicator concentrations

Evaluating human health dose and risk for radiological constituents using RESRAD
Comparing data 1o WAC 173-340-745

Evaluating impacts to groundwater through fate and transport evaluation.

a Q @ @ [} [:] 2

This approach is generaily cons1stem with the paradigm established by the-National Academy of
Sciences (NAP 1983, Risk Assessment in the Federal Government: Managing the Process) and
EPA/540/1-89/002. The process set forth by these agencies emphasizes the need to identify and
clarify uncertainties with the goal of providing to decision makers as clear a piciure of the threats
posed by environmental contaminants as possible. Frequently, resolving uncertainties requires
an iterative analytical approach. The extended analysis is an iteration of the RI BRA, conducted
within the envelope of guidance, intended to resolve uncertainties and provide decision makers
as clear a picture as possible. '

This process of iterative evaluation, extension, and refinement in the FS is consistent with

CERCLA gnidance (EPA/540/G-85/004). The process of using the RI BRA as a foundation for
extended analysis and refinement is shown conceptually in Figure 2-13 as a logical extension of
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the Rl into the FS. The process is essentially a sequential narrowing and refining of the RI data
aimed at defining the set of decisive risk-based issues to be evaluated in the FS.

The R1 BRA, summarized in Section 2.6 and detailed in the R, is a diagnostic protocol in which
the data are evaluated according to established binary decision rules that result in including or
exciuding COPCs from considerations. A conservative bias built into the process ensures that
potential threats are not overlooked. Screening-level techniques, such those employedin the
RIBRA, are powerful analytical tools that are widely used in the environmental regulatory area.
Some attributes of screening-level techniques include the following:

o Allows the efficient examination of large volumes of:data to identity potential COPCs,
pathways, and receptors

¢ Promotes consistency in assessments of different media and different sites
¢ Focuses the assessment on the most important media and COPCs.

Overall, the screening techniques are a key component of the RT BRA that allows the analyst to
focus on the threats that govern the need for remedial action. At the same time, however, the
screening-level techniques have limitations that, based on the individual site-specific conditions,
can significantly affect the findings and interpretations. For example, the screening process
may:

s Fail to take into account the site-specific nature and extent of the contamination, due to
its scripted numerical nature

= Mask expression of some meaningful lower concentration data and nen-detection reports
when high-end exposure-point estimates (e.g., max1mums) are used as the basis for
comparison to conservative screenmg cntena

» Tend to promote & sample-by—sample “bright line” evalnation framework that can be
1ncons1stent with the concept. of spatially integrated e’xposure :

A review of the RI Report and the RI BRA indicates that all these characteristics have been
expressed to some degree. The large quantity of RI data from the representative sites has been
efficiently sorted and categorized and COPCs evaluated, and those with maximum
concentrauons that exceeded screemng threshoid have been 1dent1ﬁed

A summary of COPCs for the four 200-CS-1 OU representauve sites is provided in Table 2-8
(DOE/RL—2004-17) The table is a condensation of RI BRA Tables 4-12 and 4-38 :
(DOE/RL-2004-17). Table 2-8 summatizes the key RI BRA findings that are pertinent to the ES.
Inspection of Table 2-8 shows the 35 constituents that remained after the screening process. As
an indication of the power of the screening techniques, these 35 constituents have been culled
from a list of approximately 180 constituents for which analytical results were obtained. This
efficient distillation of a large volume of data was accomplished largcly by companng the

4 The screening process also relied on a background comparison process.
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mazximurm detected concentration found in the upper 15 ft (4 & m) Vadose zonie with the approved
screemng co*&centraﬁons 11stcd in Tab]e 2-9

Exaﬂunaﬁen of T&blﬁ 2—8 reveals that the fa}lewmg

@

(]

=4

 Direct human exposure isnot a notable pathway of concern. Bismuth atthe

216-$-10 Ditch, 216-B-63 Trench, and & and TBP and Pu-239/240 at the
216-A-29 Ditch are the only shallow-soil COPCs dctected with concentrations exczeding
industrial r:sk—based screemng values. -

?rotectwn of gmtmdwater, based on the occurrence of COPCs in the shatlow soils,
appears to be a significant concern. This RI BRA conclusion stems from the sigaificant
number of shallow-soil COPCs with at least one measurement exceeding groundwater
protection screening values {e.g., 15 COPCs at the 216-A-29 Ditch).

Ecologicel concerns, based on the occurrence of COPCs in the shallow soils with at least
one concentration exceeding screening ecological risk benchmarks, appearito be
significant. Again, this conclusion from the RIBRA is inferred by a significant number
of shailow-soil COPCs with maximum concentrations exceeding ecological protecuon
screenmg values (e g mghit COPCs at the 216-3 10 Dﬁch) _

Based exclusively on the screemng—level RI BRA Tabie 2-8 would serve as the remedxatlon
candidate agenda for FS. However; before developing remedial action objecuves RAD),
preliminary remediation goals (PRG), and other FS tasks, the RI BRA was examined in order to
ensure that the issues stemming from the RT BRA were: reasonable, Overall, the: RIBRA
identified the key topics for the FS to consider. However, several practical issues surfaced from
the examination, which suggests that some iterative extended analysis is appropriate to
supplement the screening-level RT BRA results and possibly, to refine the remediation list of -
options. Emmples of these issues mciude the: f@ﬂowmg : : . :

@

""he occursrence of se’veral orgamc COPCs mcludmg mf:thylene chlnnde

| Ehe anaiytical process and do not correiate well Wlth the waste site process hlstcry

Additionally, a review of the analytic records suggests that some of the organics data may'
have been misreported and resulted in the inciusion of constituents that are not actually
present at the site(s). If these constituents are artifacts of the analytical process, and not

- actaally wasta activity-related COPCS they should not be mclmied as cand.ldates for
. remedaai aecﬂons _ _

Snme Gfthe Rl data is skewed by ouﬂ1=r data ;mmts OW'raﬂ the RI daia suppoﬁ a
nzture and extent of contamination interpretation that the sources of contamination were
generally dﬁm:e and aqueons and, subsequently, that the occurrence of constituents in the

smls is not extensive. The RI indicates that there may be a number of localized areas

> The aaproved screening concen:tratxon tabie (Table 2-9) is re-introduced here because it will be mferencs:i many
tmes in the following analysis.
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where elevated residual constituent concentrations exist, but constituent concentrations in
the bulk of the potentially affected environments are not appreciably elevated. The
outlier data, in these instances, may tend to overshadow the overall character of the data
and, as a result, present a biased concentration profile. This characteristic may affect the
screening steps that use high—end exposure concentration estimates, particularly those
comparisons where maximum concentrations are used to represent the extent of the
potentially affected environment.

+ Several of the background comparisons, while conducted in accordance with the
screening protocol, imply that some constituents are the results of waste-related activities
and have been included as candidate COPCs. However, considering additional
information outside the screening protocol could reveal that their inclusion as COPCs is
more an artifact of the evaluation method than their existence at the site at elevated
concentrations.

« The RIBRA results suggest that the groundwater is at significant risk of being impacted
by constituents in the vadose zone soils. Table 2-8 indicates that for many of the
constituents, including nearly all organic compounds, RAOs should be developed to
address groundwater protection. ‘This premise is counter to the RI findings that
constituent concentrations in the bulk of the potentially affected environment are not
significantly elevated. Additionally, many of the constituents identified in Table 2-8 as
candidates for remedial action based on groundwater protection are not expected to be
mobile in the vadose zone. For'example, arsenic, mercury; and the polycyclic aromatic
hydrocarbons, e.g, bme(a)pyrene are identified as-constituents whose concéntrations
exceed groundwater protection-screening values. However, these compounds are not
expected to’ pose a threat to groundwater because they are not mobile i n the vadose zone.®

These types of revelations are not uncommon when screemng—level risk assessments are
reviewed from a practical perspective. They iliustrate that, although the analytical power of the-
screening process is highly efficient at isolating potential key issues, some significant
uncertainties may remain. As aresult, additional analysis can be useful to ciarify the
uncertainties, and focus the risk assessment on addressmg the substantlal t’nreats to human and
ecological receptors.

¢ An important finding established in the RI is that shallow-soil contamination does not pose a threat to the satnrated
groundwater zone typically found at a depth of approximately 270 £t (82 m) bgs. The apparent paradox between this
finding and the screening results iltustrated in Table 2-8 is due to the nse of groundwater-screening values developed
using Equation 741-1 in WAC 173-340-747. Equation 741-1 does not capture and express the situation where a
thick, encontaminated vadose zone liss above the water tabie coupled with constituents that are relatively immobile,
as determined by the chemical’s distribution coefficient (i.e., the Ky value). Inthe 200 Area composite analysis, it
was determined that constituents with Ky values of 40 L/kg or greater are essentially immobile in the vadose zone
and groundwater of this area {PNNL—IISOO) Table 2-10 Iists those compounds from Table 2-8 that exceed
screening levels for protection of groundwater and their individual Ky values, and provides a finding for each
constituent. As indicated, 12 of the COPCs whose maximum soils concenirations exceeded groundwater protection
scresning levels have K;s less than 40 L/kg and would have the potential to actually reach and affect groundwater.
The remaining eight COPCs have Kgs greater than 40 L/kg and would not have the mobility potenhal in the vadose
zone to reach and affect the saturated groundwater.
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2.11.2 Extemdedl.-Anaijsis Approach Overview

The purpose of the extended analysis is to clarify uncertainties in the RI BRA finding$ that may
affect the evaluation of remedial action in the FS. The findings of the screening levei BRA will
be examined in detail using reﬁnement techniques that are common to the environmental
regulatory and risk assessment arena. Some aspects that will be considered in the extended
analysis include the following:

= A review of the RI nature and extent of contamination and further examination and
interpretation. of the BPC estimates in light of the whole of the data, mciuchng -
non-detections and spatial. ccns1derat10ns “When- conszdenng EPC estimates in light of
the whole of the data, it is 1mpoa‘£ant to determine how many measurements actaaﬂy
exceed screening canccmraxlons For example, in screening assessments using maximum
concentrations, it is not unnsual for a smg]e measurement {0 exceed a scréening value
while the remainder of the measurements do not. In such cases, the bulk or whole of the
data do not exceed the criterion, thus indicating that, overall, there is not a concern for the

_effect that the screening value is intended to signify. :

o A review of the comparison to screening values using EPCs generated with more robust
statistical techniques found in EPA guidance for calcuiaung upper 95 percent confidence
lirnits on mean concentrations (.e., 95%UCL). Generally, mazimum concentrations
were used ] in the RI BRA screemng . .

s An expanded and 1terat1ve assessment of the potential threat that c&nsntueats in the
vadose zene may have.on- groundwater, based on a CSM and altemanve transport and
fate model that better reflect actual site-specific conﬂhtmns The aliernative transport
model and the rationale for its.use are discussed in detail i in Appendlx F

o EBvaluation of an mtmder human health exposure scenanlo

The CSM is the fxamework for assessmg expomrc pamways Flgure 2-14 is a condensed and
refined version of the CSM from the RI BRA. Exposure can occur when contaminants migrate
from their spurce 1o an exposure point or when a receptor moves into direct contact with
contaminants or contaminated media close to the source.. An exposure pathway is complete if 2
means is available for the receptor to be exposed throngh ingestion, inhalation, direct exposure,
or dermal absorption at a location where site-related contaminants are present. No exposure (and
therefore no risk) exists unless the exposure pathway is complete. _

Evaluation of the exposure pathway model is a key feature in the RV/FS. risk-assessment process.
The CSM zlso is used in the FS to evaluate remedial action by considering paxhway o
modifications (e.g., contaminant sources, releases, and transport or exposure points) through the
use of technolegies and instintional controls.

Each of the four representative sites will be evaluated individually in the following sections. The
general format for extended analysm of each sxte will be as follows.:

1. A concise sumlnazy of the extended analysxs findings will be presented at the beginning
of each site evaluation. The summary will aid the reader interested only in the results and
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will help focus the reader who is seeking further explanation of how the refined analysis
conclusions were reached.

. A summary of the RI BRA findings, including the RIBRA COPCs. Presented in a table,

this summa:ry of the R BRA findings serves as the embarkation point for the extended
analys1s

. A synthesis of the nature and extent of contamination gleaned from the RI data The

synthesis will use a figure showing the site in plan view with the sampling locations.
Analytical results for the RIBRA COPC will be posted in the figure in an adjacent table.
The nature and extent of contamination will be synthesized and interpreted in light of the
spatial patterns and concentrahon profiles. Anomalous resuits.as well as R BRA COPCs

~ included as process residuals’ will be addressed. Summary statistics including the

maximum, mean, and 959%UCL will be provided for comparison to the RI BRA
screenmg values including benchmarks for the followmg

» Background
o Industrial direct contact
"« Groundwater protection
» Ecological exposures
The synthesis will expand the basic screening comparison used and-identify the RI BRA

COPCs by introducing additional background concentration information, considering
mean and 95%UCL concentration information, and in some cases, by interpreting

' ecological-screening values in light of sue—spemﬁc circumstances. Each figure plan view

and data tabulation will be supplemented with a companion table where the key
interpretive aspects of the synthesis will be identified and explained, as necessary.

. Constitutes identified as posing a threat to groundwater will be evaluated in a two-step

manner. First, constituent-specific mobility characteristics will be considered by
reviewing distribution coefficients. If appropriate, a second evaluation using an
altcmatlve transport and fate model will be conducted '

. ‘The analysis of potential human health and ecoioglcal impacts wili be- reevaluated using
) 95%UCL concentrancm 1nformat10n

. An intruder exposure scenario will be pr0v1ded to'supplement the RI BRA.

. A detailed surnmary of the extended analyms findings will be prcsented at the end of each
site evaluation.

7 In some cases, constituents identified by the analytical process are catried through the risk assessment because
there are no approved screening values (e.g., background or toxicity data) for comparison. These constituents are
referred to as process residuals. In many cases, the process tesiduals are of no consequence from a nsk assessment
perspective. Process residuals will be eliminated as COPCs if appropriate.
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Fach site will be re-evaluated following this general format. The first site to-be evaluated willbe
the 216-A-29 Diich followed by the 216-B Trench, 216-8-10 Ditch, and 216-S-10 Pond. This
sequence was intentionally selected because it corresponds to addressing the sites in-order of -
decreasing complexity. The evaluation for the 216-A-29 Ditch will be presented in significant
detail in order to illustrate the approaches. However, as the extended analysis progresses ﬂn‘cugh
the Temnaining three sites, discussion of the analytical detail wiil be curtailed in order to minimize
repetition. Additionally, as common findings influencing other sites are revealed (e.g., errant
analytical results), they will be incorporated by referring the reader to the original disclosure;
again, to mim?mizc repeﬁtion and streamline the report.

Z12 BASELWE RISK ASSESSMENT EXTENDED
ANALYSIS OF THE 216-A-26 DITCH SITE

This section Dresmts f:he BRA extcnded analyszs for the 216-A-29 Diich site. The section begms
with 2 concise summary followed by a detalled dwcussmn of the aualyms leadmg to the findings.

2.12.1 Summary.

Twenty-one constituents were iflentified by the RI BRA as COPCs for ‘additional consideration. -
These constituents were 1dent1ﬁed based on maxunum comanh‘atwns exceedmg one or more of
the fa}}omng' B : SR .

+  Dirgct industrial exposure -
= Protection of gromndwater -
° Ecaiagwal nsk associated with an mdustnal settmg

The exﬁended risk. analys;s was pezformed to. cﬁamfy the RT BRA ﬁndhngs and reduce
uncerizinties. ‘Based on the. extended tisk analysis, the ﬂsk assessment ﬁndmgs are as follows

e Tke sﬁ.e is not hlghly contammated and con*sammatmn is pot mdespread. Rﬁportad
corncentrations are not particularly elevated and those that are higher are foundin *
localized hot spots. Hot spots are found at dtepths of about 1.5t0 3'm (5te 10'R) bgs.
Comquuenﬂy, tbe ﬁ]reat that they may pose to humans and ecoicgical receptors 1s

@ There are no unacceptable chrect exposw:re risks to mmmal workers. Addmona}ly,
there are no tmacceptable nsks 10 t%ie hypothetzca! future intruder. .~ -

e Nmat@zmu'aie {as N}, detected;m-ahet spot,- -has the.potanﬁalzw-migzate from the vadose
- zone soil and contact groundwater after approximately 785 years. The predicted
maximum concentration is 14 mg/L, which marginally exceeds the Federal pnmmy :
dnnkmg water standard of 10 mg/L.

s+ Incne sample Aroclor 1254 exceeds the ecologmal—screemng value. The single

occurrence of Arocior 1254 is ata depth of 1.5 m (5 fi) below the surface, whick suggests
that the threat to ecological receptors is actually very small.
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2.12.2 Extended Rlsk Analysis of the 216-A-29 Ditch

Table 2-11 is a dxst:lllatzon of Table 2—8 to. reﬂect only those COPCs found in the 216-A-29 Ditch
representative site.. Table 2-11 will serve as the basis for the extended evaluation of the
216-A-29 Ditch REBRA findings.

The findings effecting the. evaluation of remed1a1 actlons at the 216-A 29 Ditch for the industrial
land use scenarios are as following: _ _

Bismuth, TBP, and Pu-239/240 were identified as pdsing a potential threat to industrial
receptors through direct contact. Bismuth and TBP are process residuals. This finding
suggests that RAOs should be developed to address this finding.. However, as noted in
the RI BRA, this finding is not based on an actual assessment of exposure and risks;
rather there was no appropriate toxicological data on which to base an evaluation and
these compounds were retained based on 2 default assumption. The RTBRA presented a
reasonable scientific rationale that offset the concem. Bismuth and TBP will be ormtted
from further consideration and an RAQ to address bismuth and TBP is not necessary
Plutomum—239/240 will be further evaluated.

Fifteen constituents were identified as posing a threat to groundwater 1nc1udmg
Aroclor 1254, arsenic; benzo(a)anthracene, bismuth, cadmium, :
chrysene,1,2-dichloroethane, mercury, methylene chloride, nitrate, mtratelmtnte silver,.
sulfate, uranium, and TBP.

However, only 10 of the 15 (afsenic, cadmium, 1,2-dichloroethane; mercury, methylene
chioride, nitrate, nitrate/nitrite, silver, sulfate and wraniuin) actually were regarded as
having sufficient mobility in the vadose zone (i.¢., Kq less than 40 L/kg) to reach and
affect the groundwater (see Table 2-10Y. The groundwater impact screening
concentrations used in the RI BRA (Table 2-9) were derived from WAC 173-340-747,
Equation 747-1, which is a simplified three-phase partitioning model that does not
1ncorporate mte—speaﬁc mfarmatxon ‘Thus, addmonal cvaluatlons wﬁl be conducted to

Ten constxtuents (arsemc boron cad:mum, lead, molybdenum selemum ‘silver, uranium,
vanadium, and Aroclor 1254) were identified as potentiaily posing a threat to ecological
receptors. This finding was based on HQs computed using the maximum meastred
concentration and generally applicable, though conservative, screening, values.
Computed HQs ranged from 1.1 for uranium to 52 for vanadium. Other constituents with
notable HQs include arsenic (HQ = 1.7), ‘cadmium (HEQ =2.0), and molybdenum

(HQ = 1.4); Additional evaluation will be conducted to clarify the extent that these and
other constituents pose a significant risk to ecological receptors. =

Using the maximum measured concentration, Pu-239 was found to produce a'dbse of
35 mrem/yr in the case of the industrial scenario with no cover. This dose exceeds the

® Readers note that this finding is common to other sites and will be referenced in succeeding sections.
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15 mrem/yr dose limit. Again, 1o clarify the scale that Pu-239 poses a szgmﬁyant risk to
industrial receptor, extended analysis will be conducted.

In the following sections, extended analysis will be prowded to address these and reiatad issues
affecting the feasibility study.

2.12.2.1 Synihesis of the Nature and Extent of Contamination

An initial step in the extended evaluation is to revisit the COPCs and assess the nature and extent
of their occurrence in the affected environment as being representative of site conditions.
According to the RI BRA protocol, maximum soils concentrations were employed as the
constisuent concentration or “metric” for identifying a COPC. In some cases, maximum
concentrations may not be representative of site conditions. Situations where the maximum
concentration -is not a representative metric may include the foliowing: :

o When the greater part of the data is found to be at much Jower concentrations
» When a lerge portion of the data set is non-detection reports

e When the data is spatially distributed such that the location of the maximum is not
representative of the majority of the site (i.e., a hot spot).

The occurrence of any of these situations can lead to a mischaracterization.

The following evaluation will assess the data to gauge whether the maximum concentration used
to specify COPCs has resulted in mischaracterization of site conditions. The assessment will
review the spatial distribution of the COPCs and evaluate alternative statistical measures for
summarizing site conditions. ' '

Figure 2~15 provides a summary of key features of the 216-A- 29 Ditch site, including the
locations of the test pits and borings from which sampies were obtained. ' A summary of the
analytical resuits from the test pits and borings also is provided in Figure 2-15. Note that the
individaal analytical results are all tabulated in columns; results from each sample location are
arraigned in rows so that one can compare concentrations between sampie locations. Ateach
lecation, the data are present in sequence of decreasing elevation. This cross-tabulation format is
intended to promote a synthesis of analytical results with their spatial arrangement as depicted on
the illustration portion of the Figure 2-15. Additionally, providing the analytical data in this
format facilitates an integrated examination of the whoile of data comprising the composite of
exposute-point information. This is important because, as discussed previously, theoretically,
the entire 0-to 4.6 m (9 to 15 ft) depth interval is regarded as the potential exposure media (see
Figure 2-14, the CSM). Theoretically, receptors can be exposed to all conitituents and
concentrations in this media on a proportional basis as a function of exposure duration, as
expressed by Equation 2.

Exposure ~ f:: Proportional weight of concentrations and exposurs factors, Eg. 2
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Using this interpretive framework, one can view the Areclor 1254 result site-wide by looking
down the column and noting the following. _

» There was only one detection, 9,400 pg/kg J,> in 36 samples (excluding the split from the
count); the remaining whole of the site is unaffected.

» The sole Aroclor 1254 detection is in the 1.2 to 1.5 m (4 to 5 ft) bgs interval at AD-1.

»  Detection limits for the non-detections were very consistent through the remainder of the
samples (~35 to 40 pg/kg).

Interpreting this information in the framework set forth in Equation 1 would imply thata -
receptor would be exposed to the 9,400 pg/kg for only 1/36™ (less than 3%) of the specified
exposure duration. Alternatively, for 97 percent of the time that receptors are exposed, they
would not have contact with Aroclor 1254.

Looking across the rows gives an indication of the magnitude of occurrence of each constituent.
An impression for the spatial distribution also can be obtained by comparing the overall evidence
of contamination in the bulk of a sample location. For example, it is evident by the number of
constituents and the magnitude of the positive detections that there is more impact at AD-1 and
AD-3 than at the Area 8 and Area 9 test pits. This interpretation generally correlates with a
waste activity model of releases of aqueous process materials near AD-1 (e.g., “the headwaters
of the ditch™) with flow and settling occurring as flow moved northerly to the distal end where
AD-2 is located.

2.12.3 Spatial and Data Aggregation Considerations

Figure 2-15 reveals that, in general, the occurrence of constituents is lumted to the intervals of
1.2 to 3 m (4 to 10 ft). There is a marked transition from detections with sizable values to
smaller values, coupled with an increase in the number of non-detections as the data are viewed
moving down the soil strata. It is notable that at the boring (B8826), installed near the headwater
(i.e., source area of the ditch), at depths below 3'm (10 ft), nearly all laboratory reports are -
non-detections and the profiles of most of the naturally occurring constituents (e.g., arsenic) have
leveled off. Th1$ suggests that contamination is limited to the upper 3 m (10 ft) of the seil
column.

Table 2-12 provides a summary interpretation of select constituents whose concentrations-
profiles are prov:ded in Figure 2-15. Note that, with the exception of methylene chloride and
1,2-dichlcroethane, ' the table includes each COPC from the RI BRA and the Hanford Site
background screening value, as well as each constituent’s industrial-direct contact, groundwater

® The “F’ qualifier means that the reported concentration is estimated analytical result.
10 Review of the data quality packages found that methylene chloride was a problem laboratory contaminant with the

volatile organic compound analysis and 1,2-dichloroethane was incorrectly reported as a positive detection.
Methylene chioride was reported at other sites and this finding will be referenced in succeeding sections.

2-52



L B WD =

O 0o =1 O

23

24
25

DOE/RL-2005-63 DRAFT A

protection, and industrial ecological-screening value. The last three columns identify the
maximum conCenﬂ;mIion measured in the RI and its sample location, the mean and 95%UCL on
the mean concentration,!’ and a remark section where brief summary observations are provided.
This table will be used to c1te observations culled from the synthesis of the data through spatial
aggregation. :

As an exarnple of how information of Figure 2-15 is synthesized with the screening
concenirations, the foliowing example using arsenic is provided. In viewing the profile of
arsenic concentrations in Figure 2-15, and noting the corresponding information in Table 2-12,
the following synthesis is obtained:

e The Hanford Site background benchmark is 6.5 mg/kg, the industrial-direct contact,

 groundwater protection, and industrial ecological-screening concentrations are 87.5,
0.0304, and 7 mg/kg, respectively. One imimediately notes that the groundwater
protectlon-screemng concentration is not a practical benchmark because it is actually less
than background, ?

» The maximum arsenic concentration measured in the RIis 12.2 mg/kg in test p‘it AD-3in
the 2.6 t0'2.9'm (8.5 to 9.5 ft) bgs interval.. Note that the arsenic concentration in the
overlying interval (1.8 to 2.1 m [6 to 7 ft] bgs) is comparable: 12.1 mg/kg. The mean
and 95%UCL arsenic concentrations are 4.5 and 7 mg/kg, respectively. From a synthesm
and interpretive viewpoint, these two metrics of central tendency at the site are as
Iollows

- Comparabie to the Hanford Site background concentration (6 5 mg/kg]}
— Far below the industrial-direct exposure benchmark

— Notably above the groundwater protection concentration

— Less than or equal to (in the case of the 95%UCL) the governing industrial’>
ecelogical-screening concentration,

1 The mean and 95%UCL computations use a proxy value of one-half the detection limit for non-detect reports, and
“1.” “E”, and “B” qualified reports are taken at face value. The 95%UCLs are computed with ProUCL in
accordance with OSWER 9285.6-10. Most of the UCL calcelations relied on ProUCL’s non-parametric calculation
roatines. Non-parametric 95%UCL concentrations will-nearly aiways be higher than their counterpari parametric
estimations (i.e., based on normal or lognormal distributions). Use of the non~parametric methods cited in

OSWER 9285.6-10 and their implementation with EPA’s ProUCL software provides a suitable alternative to the
traditionat “defavlt to the maximum” technique nnposed when the data cannot be fitted to a normat or lognormal
distribution.

 The occurrence of computed risk-based concentrations being less than background is not unustal in regulatory
risk assessment. It is important to recognize when this occurs and to supplement the risk management process with
extended assessment.

¥ The governing screening value is the lowest value that is not below background.
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» Additional review of the arsenic concentration profile across ail sample locations and
depths indicates that there appears to be tendency for higher arsenic concentrations to be
found in the upper intervals {e.g., between'1.2 to 3 m [4 and 10 ft} bgs). Additionally, the
occuirence of arsenic does not appear to vary dramatically. The range of concentrations
from the 1% to the 99" percentiles is only a factor of about 7 as indicated by the percentile
distribution below:

— Percentiles for arsenic

- 1.0% = 1.8 mg/kg
5.0% = 2.01 mg/kg
10.0% = 2.1 mg/kg
25.0% = 2.3 mg/kg
50.0% = 2.8 mg/kg
75.0% = 5.8 mg/kg
90.0% = 9.2 mg/kg
95.0% = 12.1 mg/kg
99.0% = 12.2 mg/kg.

The Hanford Site background (6.5 mg/kg) and the governing industrial ecological-screening
value (7 mg/kg) would rank at about the 8(_)ﬂl peicentile among the arsenic concentrations
measured at the site. Only six measurements actually exceed the Hanford Site background
arsenic benchmark; they are all found in the 1.2 to 3 m (4 to 10 ft) bgs strata.

Based on this synthesis and summation, there is some reservation to conclude that the arsenic
measured in the RI is actually the result of waste-related activity. This uncertainty stems from a
premise that the waste-related contamination is not subtle and that it should generally be
discernable when profiled as in Figure 2-15. This assertion is developed in Figure 2-16 where
site data are combined with the Hanford Site background metric and nested within arsenic
background data collected by the United States Geological Survey (i.e., the so-called
“Shacklette” data'®). Important observations from Figure 2-16 include the following:

o All site measurements {e.g., mean, 95%UCL, maximum,) are actually clustered closely to
estimates of background arsenic concentrations.

e« The Site mean (4.9 mg/kg) is comparable to, and actually less than, the westemn
United States mean (7 mg/kg).

« The approximate western 95%UCL of 10.9 mg/kg and the Hanford Site background
" benchmark (90 percentile value) of 6.5 mg/kg actually bracket the Site 90° percentile
value of 9 mg/kg 95%UCL of 7 mg/kg and the Site 95%UCL of 7 mg/kg. .

“ ghacklette and Boerngen 1984, Element Concentrations in Soils and Other Surficial Materials of the
Conterminous United States, is widely used as a reliable source for gauging the significance of inorganic
constituents found in soils. It provides a broad measure of the nature and extent of naturally occurring inorganic
constituents found in surficial materials in the United States.
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» The Site meximum, 12.2 mgfkg, is comparable to the 10.9 mg/kg western United States
95%UCL and far below the western United States maximum of 97 mg/ke.

Overall, this interpretation suggests that arsenic may be slightly elevated in discrete locations, as
evidenced by the apparent slightly eievated concentrations observed in the upper intervals. The
clevated concentrations appear to be restricted to the upper 1.2 to 3 m (4 to 10 ft) bgs strata. The
governing industriat ecologca}-screemng concentration and 95%UCL concentration are both

7 mg/kg; the maximum concentration is 12.2 mg/kg. These three values are well within the same
order of magnitude. . Considering the distribusion of arsenic in the scils, and the assumption that,
in order for ecological exposure to ccour, 2 burrowing animal would need nearly full-time
contact with the affected soils at the 95%UCL, it (the 95%UCL} is the most realistic, yet still
conservative, EPC metric. In this case, because the goveming screening value aad the 95%UCL
are equal (i.e., 7 mgikg) it is reasonable to conclude that the distribution of arsenic © -
concem:ramons measured at the 216—A-29 Dltch do not pose an appremabie risk and 1o RAO is
necessary. TN

The detailed interpretation above for arsenic is intended to illustrate the rationale for
synthesizing and integrating spatial sutamary statistical information into the extendsd analysis.
Gther mterpzeﬁanons using this rationale can be gleaned from the information in Figure 2-15.
Several key findings affecting the FS process thai are apparent from Figuxe 2- 15 and: smnmanzed
in Teble 2-12 mclude the followmg -

Bnmn cancemxahﬂns measured in the sofls do not appear to be elevated, based on
comparison to Televant: literature information (e.g., Washington soils up-to 70 mg/kg).
‘The mdusma} ecolcgmal “screening value is based on protection of plants and may not be
appropriate for this application involving subsurface soils.’ Moreover, as indicated in
- Teble 2-12, the default ecological-screening benchmark (0.5 mg/kg) may not be relevant
for this situation, ES!ERfI‘N B6/R3, Toxicological Benchmarks for Wildlife: -

1 996 Revwwn c:tcs no nbservable adverse—effect ieveis for smali manunais n the range

cancentranons at the sﬁes Th:s ﬁnding wﬂl be referenced in succe:edmg sectlens

. o Elevated cadmium concentrations, though evident at AD—I (1 2 10 1 8 m {4 to 6 ft} bgs),
, atA]D—Z(23t026m{75m8 5ﬁ]bgs) and B8626 (1210 1 8m{4t06ft]bgs) are
. __apparent}y localized. The mean and 95%UCL concentration are below the .
industrial-direct contact and ecelogmal—screenmg values, The gramdwmr
pmtacnon-screemn g vaiue is comparable to the Hanford Site hackground.

o Lead contamination is elevated locally at AD-1 (1.2 t0 1.8 m [4 to 6 ft] bgs) AD-2 (23to
Zém{’lﬁto SSﬁ]bgs) and B8626 (1.2t0 1 8m[4t06ft3bgs} and at the Area 8
location (4 m [13 ft] bgs). Most other samples are below or near the Hanford Site
background. The mear and 95%UCL. concentrations are well below all three screening
values.

o Mercury concentrations apnear to beelevated locally st AD-1 (1.2 to L.8 m [4 toc & it}
bgs), AD-2 (23t02.6m [7.5 to 8.5:ft] bgs), and B&626 (1.2t0o 1.8 m [4 to 6t} bgs), and
at the Area 8 location (4 m [13 ft] bgs); most other samnle concentrations are below or
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near the Hanford Site background. Once again, the mean and 95%UCL concentration are
below all three screening values. :

« Molybdenum appears to be mis-categorized as a COPC in the RI BRA. The maximum
measured concentration, 3.2 mg/kg, is less than all three screening values.

» Selenium concentrations appear to.be elevated at one location: the Area 8 test pitat4 m
(13 ft) bgs. The site central tendency measures, mean (1.0 mg/kg), and 95%UCL
{4.0 mg/kg) are also within the expected applicable literature range. The 1.0 mg/kg mean
is, for practical purposes, equivalent to the Hanford Site background value of 0.78 mg/kg.
As indicated in Table.2-12, and amplified in the table remarks, the default
ecological-screening value (0.3 mg/kg) may not be applicable to this situation. The
default value appears to be a plant concentration that is protective of herbivores.
ES/ER/TN-86/R3 illustrates derivation of soil-screening levels, based on no observed
adverse-effect levels for the meadow vole (Microtus pennsylvanic) of 14.8 mg/kg.

o Concentrations of silver appear to be anomalously high at AD-1 (1.2 to 1.8 m [4 to 6 ft]),
as well as at AD-2 (2.3 10 2.6 m [7.5 to 8.5 ft]), B8826 (1.2 to 1.8 m [4 to 6 ft]), and the
Area 8 test pitin the 4 m (13-ft) interval. As indicated, when these data are aggregated,
the mean concentration (1.9 mg/kg) is approximately equal to the ecological-screening
value; the 95%UCL (8.7 mg/kg) exceeds the governing benchmark value.

e Uranium concenirations appear to be anomalously elevated at AD-2 (2.3 t0 2.6 m [7.5 to
8.5 ft]) and AD-3 (1.8 t0 2.7 m [6 to 9 ft] intervals). The central tendency mean
concentration (1.3 mgfkg) and the 95%UCL (1.6 mg/kg) are actually within the range of
background and well below the governing ecological protection-screening value.

e Vanadium concentranons with the exception of apparent anomalously elevated samples
- from AD-2 (2.3 to 2.6 m [7.5 to 8.5 ft]) appear to be uniformly distributed. The central
tendency mean concentration (64.2 mg/kg) and the 95%UCL (69.8 mg/kg) are actually
within the range of background. As indicated, there is significant uncertainty of the
verity of the 2.0 mg/kg ecolog1ca1 ~screening value,”

o Nitrate concentratxons (as N) appear to be elevated, most notably at AD-1 (1.2t0 1.8 m
{4 to 6 ft]), as well as at other locations. As indicated, however, the mean and 95%UCL
concentrations (35.7 and 66.9: mg!kg, respectively), while still above the Hanford Site
background, are substantially lower than the maximum and bracket the governing
groundwater protection screening value.

e Nitrate and nitrite concentrations (as N) also appear te be elevated at AD-2 {23tc2.6m
[7.5to 8.5 ft}), as well as at other locations. As indicated, however, the mean and

1% In addition to the uncertainty in the value conveyed by the authors, there is a practical aspect. According to
Schacklette {ef al. 1984), the observed range of vanadium in soils in the western United States is 7 to 500 mg/kg. If,
in fact vanadium soil concentrations in the range of 2.0 mg/kg were hazardous to plants, there would be observable
widespread ecological impacts throughout the western United States.
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95%UCL concentrations (36.1 and 116.3 mg/kg, respectively) are well below the
maximum, indicating that the bulk of the soils are not as adversely affected as the
maximim zreported concentrat&on zmght unply

»  Suifate concentratmns (2,970 mg/k ) appear to be elevated at AD-1 (1.2 10 1 fmidto
6 £t]), although levels at most other Iocatlons appear to be much lower generaﬂy within
the range of background.

e Arcclor 1254 was detected at a concentration exceeding the ecological-screening vaiue in
one sample at the site at 9,400 pg/kg. The location, AD-1 (1.2 to 1.8 m {4 t0 6 ft]), has
consistently been called out as a spot where elevated coneentrations of COPC reside. No
attempt was made to compute summary statistics because all other laboratory results were
reported as non-detections (typical detection limits were in the range of ~ 35 ug/kg). The
detection rate for Aroclor 1254 (1 in 40 samples) is 2.5 percent, which is technically
below the EPA’s 5 percent guideline for exciusion based on low detection frequency
(EPA/540/1-89/002). Note the resuit is qualified as an estimated value becamse the
sample was daluted to obtam satisfactory Iaboratory performance o

Benza(a}anthraccne and chrysene were detected at concentrations exceeding their respective
gmundwa:er—saeemng values and also in samples collected at AD-1 (1.2 to 1.8 m {4 to 5 ft]).
Both compounds also were detected at AD-3(1.3 to 2.1m 6107 1) 3 but at concentrations less
than the gmundwater-screenmg values. Again, summary statistics were not computed because
all other laboratory results were reported as non-detections (typical detection limits were in the
range of ~350 ug/kg). These detection rates (5 percent[2 in 40 samples]) just meet EPA’s

5 percent guideline for exclusion based on low detection frequency (EPA/S40! 1-89/002). The
results are “T” qualified as estimates because the samples were miutcd :

2.12.4 Summary of the Nature and Extznt of
Contamination and Implications for the
F@aSibﬂiW Study

The use of maximyum concentramons for screening has cffectwely 1dcnt1ﬁed a subset of
constituents as COPCs. However, as indicated above, the nature and extent. of contamination are
characterized as highly localized, not ‘uniformly distributed. In this situation, receptors will _
receive exposure not only to the elevated concentrations found in ﬂle localized anomalies but
also to the. concentrations found i in the areas that are not elevated. Asa result, exposure is
actually an integrated function of concentrations over space, as suggested by Equation 1. An
integrated interpretation. of Figu;re 2-15 indicates that, while there are specific Tocations where
elevated constituent concentrations are found: (paxﬁcularly in the upper 1.5 to 3m [5 to 10 ft]
stratg), there are also a greater number of locations where there are no detections and/or
concentrations are similar to background levels. These conclusions are based primarily on the
following findings.

< Contamination is not widely dispersed over the site at elevated concentrations. Rather,
there are specific locations where elevated concentrations are consistently reported. The
Iocations include pits in the 1.5 to 3 m {5 to 10 ft] intervais at AD-1, AD-2, and boring
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B8826. Additionally, elevated concentrations were occasionally found in the 4 m (13-ft)
interval at test pit Area 8. . . } -

» Certain constituents, identified as COPCs because their maximum concentrations
exceeded screening values, are likely to have been mis-categorized because they are not
widely dispersed at elevated concentrations and their central tendency concentrations
(e.g., mean and 95%UCL) do not exceed background. These consntuents mclude the
following:

. — Arsenic, boron, selenium, uranium, and vanadium.

o  Other constituents 1dent1ﬁcd as COPCs (because their maximum concentranons exceeded
screening values) that are not widely dispersed at elevated concentrations, and whose
maximum reported concentration does not represent overall site conditions, include the
following:

~  Aroclor 1254, benzo(a)anthracene, chrysene, cadmium, lead, silver, nitrate (as N),
nitrate-nitrite (as N), and Pu-239/24. The maximum concentrations of these
constituents were reported in the 1.2 to 1.5 m (4 to 5 ft) interval of AD-1.

Further evaluation will be necessary to clarify the degree to which the constituents identified
above actually potentially pose unacceptable risk to humans, ecological receptors and
groundwater. i

In addition, as dlscussed previously, molybdenum was apparently mis-classified as a COPC (see
the anomalously high “split” sample in B8326). Methylene chloride has been verified as a
laboratory artifact, and the single detection of 1,-2-dichloroethane was misreported.

2.12.5 Groundwater Impacts from Vadose Zone -
Contamination '

The RI BRA found that 16 constituents’ 6 posed a significant threat to groundwater because their
maximum measured concentrations exceeded their groundwater impact-screening

concentrations. Overall, from’ an FS perspective, this was a highly significant finding because - -
many of the resultmg PRGs that would be protective of groundwater, derived from S
WAC 173-340-747, Equation 747-1, would likely drive development of RAOs that ultxmately
might prove 1mpracﬁcablc to implement. Inspect:ton of Table 29 reveals that the groundwater
protection-screening value for many constituents is very low and, in some instances; implausible
(e.g., below background levels) For exariple, the arsenic greundwater protection concentration
value, computed according to WAC 173-340-747, Equation 747-1, is 0.0304 mg/kg. This
concentration is more than 100 tlmes below the Hanford Slte background atsenic concentratmn,

16 Aroclor 1254, arsenic, benzofa)anthracene, bismuth, cadmium, chrysene, I,Zdichiomethane, mercury, methylene
chloride, nitrate, nitrate/nitrite, selenium, silver, sulfate, tributyl phosphate, and uranium.
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making the groundwater protection-screening concentration impractical as a gauge for assessing
the consequences of arsenic soils concentrations.

Previcus discussions have identified the usefulness of an expanded assessment of the potential
that constituents in the vadose zone may have on groundwater. The expanded assessment
invoives two phases:

¢« Phase I, Qualitative
— Identifying COPCs with potential to impact groundwater using Equation 747-1
— Refining according to the spatial and data aggregation analysis, as appropriate
— Assessing migration potential qualitatively using the Kq 040 kg/L. benchmark.

o Phase II, Quantitative

~ Reevaluating the potential impacts to groundwater with an alternative transport and
fate model that more accurately expresses site-specific conditions.

This process is illustrated conceptually below.

UL g < Hanford 5t Spatial & Data ' " I
'J Background | Aggregation Finding | | Yok <GPC? | -5~ Kd < 40 KgL? W Refined Mode! Evaluation
Phase | ' Phase il

Qualitative Quarntitative

The Phase T Qualitative results are summarized in Table 2-13. A review of the table indicates the
following. ' : S

e Lead, mercury, selenium, silver, uranium, Aroclor 1254, and Benzo(a)anthracene, -
concentrations evaluated as the 95%UCL, do not exceed the groundwater protection
concentration (GPC).

» Lead, mercury, uranium, Aroclor 1254, benzo(a)anthracene, and chrysene have Kgs
greater than 40 kg/L.

e Arsenic, cadmium, nitrate (as N), nitrate/nitrite (as N), and sulfate qualify for Phase I
analysis of their potential to adversely affect groundwater. Arsenic concentrations,
evaluated at the 95%UCL, do not appear to be significantly elevated at the site; however,
as 2 conservative measure, it also will be evaluated. Additionally, silver’s 95%UCL
concentration is marginally below the GPC and its K4 is notably less than 40 kg/L; it will
be evaluated as well. _

Phase I of the extended evaluation entails assessing the potential impacts that residual soil

concentrations of arsenic, cadmium, silver, nitrate {as N), nitrate/nitrite (as N), and Suifate could
have on groundwater under baseline conditions. Baseline conditions assume that the present
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conditions rernain unchanged. In accordance with WAC 173-340-747(8), this evaluation uses
site- and chemical-specific information as inputs into a widely recognized vadose zone leaching
and transport model, SESOIL (GSC 1998, SESOIL), to investi gatc the possibility that residual
soil contamination can affect the deeper saturated groundwater.'” SESOIL is a compartment
model that computes the mass movement of constituents from overlying strata to the underlying
strata using infiltration computed from local meteorological information, water balance, and
constituent-partitioning algorithms. SESOIL helps clarify the groundwater 1mpacts assessment,
over the use of WAC 173-340-747, Equation 747-1 by:

» Using local climatological data to drive the meisture ﬂux
» Incorporating the significant depth to groundwater that is intrinsic to the Hanford Site
+ Integrating constituent migration and attenuation over time.

A conceptualization of the SESOIL model for the 216-A-29 Ditch is presented in Figure 2-17.
The inset table in Figore 2-17 identifies the key SESOIL modeling input vanables Examinaticn
of the SESOIL conceptualization (Figure 2-17) indicates that waste layer or “source volume” is
assumed to envelope the entire length, width, and depth of the ditch (to a depth of 4.6 m {15 ft]).
This volume is assumed to be contaminated at the 95%UCL concentration of each constituent.

Figure 2-18, a composite from several figures, illustrates the main process features of SESOIL.
The hydrologic cycle (left side) illustrates the processes simulated in the model’s hydrologic
cycle including evapotranspiration, infiltration, moisture retention, and groundwater runoff
(i.e., recharge). The right side of Figure 2-18 illustrates some of the processes SESQIL can
simulate.

The constituent-partitioning aspect of SESOIL is largely governed by the distribution coefficient
(e.g., K4) in a manner similar to that used by Equation 747-1 (i.e., both models rely on a
retardation factor that is controlled by the Kj). Constituent penetration through the vadose-zone
is computed by the equation at the bottom of the figure where the hydrological and pollutant fate
cycles are joined. When the SESOIL model predicts that a constituent penetrates the
vadose-zone, a conservative estimate of the groundwater concentration is given by the Summers
Mixing Model (illustrated on the pollutant fate cycie) to estimate the groundwater .
concentrations. Additional discussion of the SESOIL Model can be found in Appendix F.

Chemical-specific input parameters for the 216-A-29 Ditch constituents are found in Table 2-14.
As indicated; with'the exception of nitrate, nitrate/nitrite, and sulfate, the K8 are taken irom

"7 SESOIL is an acronym for Seasonal Soil Compartment Model.. SESOIL was developed originally by the EPA’s
Office of Water and Toxic Substances. The model has been upgraded several times, including a major effort by the
Oak Ridge National Laboratory in 1995, The model is currently licensed by General Sciences Corporation

(GSC 1998). SESOIL is commonly used in the hazardous waste industry to assess soil to groundwater impacts at
CERCLA and RCRA sites. Various states, including Colorado and Kansas, use SESOIL to evaluate the impacts that
contaminants in soils may have on groundwater. SESOIL is generally considered a screening-level tool and its use
constitutes a significant refinement over Equation 747-1. Appendix F contains an analysis of SESOIL as an
alternative transport and fate model in accordance with WAC 173-340-747(8) requirements. The appendix also
contains an exiensive description, the technical foundation, descriptions of its uses, and rclated techmca} information
regarding SESCIL.
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Ecelogy's CLARC database ¢https://fortress. wa.gov/ecy/clarc/CLARCHome.85pX)

(Ecology 2003). The results of the extended assessment of the potential impacts that residual
soil concentrations of arsenic, cadmium, silver, nitrate (as N), nitrate/nitrite (as N), and suifate
could have under baseline conditions are presented in Figures 2-19, 2-20, 2-21, and 2-22, and are
summarized below:

o

Figure 2-19 illustrates a summary of the predicted impacts that arsenic concentrations in
the vadose zone soils (0 10 4.6 m [0 tc 15 ft]), at their $5%UCL conceniration of 7 mg/kg,
will have over a 1,000-year period. The line shown is the trend line fitted to the actual
soil misture concentration computed by SESOIL. The figure shows the depth

of maximum peneiration (in feet) af selected time intervals and the concentration at the
location of maximum penctration at the selected time interval. Most

importantly, SESOIL predicts that arsenic will not reach the groundwater, the maximum
pengtration into the vadose zone from the waste layer is only 8.5 m (28 £t), which is well
ghove the §2.3'm (270 1t) depth of the saturated zone. The actual migration distance from
the bottom of the waste layer into the vadose zone predicted by SESOIL is 4 m (13 ft).
4.6-85m {15 fi — 28 ft]) of source thickness [see Figure 2-171). The vadose soil
mozsture c@ncentram on at the depth of maximum peneiration is appmmmaiely 0.08 mg/L.

Figure 2-20 ﬁiustrabes a summary of the pre&cted impacts that cadmzum concentratxons
in the vadose zone soils (0 to 4.6 m [0 to 15 £t]), at their 95%UCL concentration of '
6.1 mg/kg, will have overa 1 OGG-yeaI period. SESOIL predicts that cadmium will not
reach the groundwater; the maximum penetration into the vadose zone is 22.3 m (73 1),
which, agsin, is'well above the 82.3 m (270-t) depth of the saturated zone. . The actual
mlgrat;on distance from the bottor of the waste layer into the vadose zone computed by
SESOIL is 17.7 m (58 1) (4.6 = 22.3 m [15 ft - 73 ft]), and the vadose soil moisture
concentration at the depth of maximum penetrations is approximately 0.20 mg/L.

Figure 2-21 illustrates a summary of the predicted impacts that silver. concemzations in
the vadose zone soil {0 to 4.6 m [0 to 15 ft]), at their 95%UCL concentration of .

8.7 mg/kg, will have overa 1 OC%{)-year period. SESOIL predicts that silver will not reach

the groundwater. The maximum: ‘penetration into the vadese zone is 19.2m {63 ft) (well
above the 82.3 m (270-ft) depth of the saturated zone). The predicted net penstration
depth into the vadose zone is 14.6 m (48 ) (4:6 - 19,2 m [15°F — 63 £]) where a soil
moisture concemtrauon of 0 3 mgIL is anticipated.

Figure 222 illustrates a summary of the predicted unpacts that mtmtc, mtra!:e!mmtc and

' sulfate concentrations in the vadose zone'soils (0 to 4.6 m [0 to 15 ft]), at their 95%UCL
concentrations (66.9, 116.3, and 704.6 ‘mgfkg, respectively) will have over a 1,000-year

period. These three inorganic constituent have similar jonic properties and are likely to
be found zs ions (i.e., a negative charge) in aqueous environments and may tend to be
mobile in the soil environment. This feature is taken into account by the small K value
shown in Table 2-14 (g = 1.17 kgfL) and the 99 percent water solubihty '

As m;hcaﬁad in Figure 2-22, the SESOIL: model predicts that these-consﬂtuéﬁts could
reach the groundwater at approximately simulation year 785 (calendar year 2791). The
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inset table near the bottom of Figure 2-22 show that the maximum predicted groundwater
concentrations over the 1000-year simulation pertod are as follows:

—  Nitrate/nitrite = 14 mg/L
— Nitrate = 8 mg/L.
— Sulfate = §7 mg/L.

The scale of these predicted impacts 'can be gauged by comparing the simulated concentrations
to the potential groundwater concentration benchmarks provided in the inset table near the
bottom of Figure 2-22. With the exception of nitrate/nitrite, all maximum predicted groundwater
concentrations are below their corresponding state and/or Federal water quality standards. The
maximum nitrate/nitrite concentration of 14 mgIL is'sli ghﬂy in excess of the Federal drinking
water standard, whxch is 10 mg./L ' y .

An important aspect in considering the magmtude of the predicted excess in the Federal drinking -
water standard (14 mg/L predicted vs: the 10 mg/L. standard) is the intended use and
correspcmdmg regulatory protection requirements for the groundwater. Currently, the
groundwater is not used:for consumptive purposes and the drinking water standard used to gauge
the predicted concentrations may have no health protection or regulatory basis. Additionally,
there are no plans o use the groundwater for consumption. Notably, the state does not have 2
groundwater standard for mtratefmtnte thus there is no actual ; gevermng maximum
concentratlon limit. ' : _

The differences and-similarities between the'modeling result_s for the metals (arsenic, cadmium
and silver) and the inorganic anions (nitrate, nitrate/nitrite, and sulfate) can be traced to the
variations in their chemical-specific fate and transport propertles found in Table 2-14, where the
following ke aspects are evidenced as follows:

e Arsenic, cadmium,.and silver source concentrations ranging from 6.1 to 8.7 mg/kg, and
de rangingfrom67t029ukg : : _

« Nitrate, nitrate/nitrite, and sulfate have notably h1 gher source concentrat:ons (66 910
704.6 mgfkg) a comparatively lower Kg (1.17 L’kg) and a very high water solubﬂlty
(i.e., 99 percent is essentially miscible).

In general, all other factors being equal, predicted concentrations in the environment will vary
directly with the source terms and inversely with the Kq. Thus, in the case of the inorganic '
anions (nitrate, nitrate/nitrite, and sulfate), the combination of h1gher source concentrations and
much greater environmental mobility accounts for their predicted migration to groundwater,
while the metal constituents (arsenic, cadmium, and sﬂver) do not fuily penetrate the vadose
zone and never reach the groundwater. . _

The analyms also lends: cred:lblhty to the use of the benchmark Kd of 40 kg/L aka conservative
gauge for discriminating among constituents that do not have the potential to impact
groundwater in the Phase I aspect of the extended groundwater impacts analysis. Once again,
inspection of Table 2-14 indicates that the Kgs for the metals (arsenic, cadmium, and silver) are
notably smaller than the benchmark 40 kg/L K. Yet, review of the maximum vadose zone
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As mdmated in Table 2 15 selemum and sxlver 95 %UCL concenn'atlons exceed the mdustnal
upper end of the range of selenium concentramons found in the western United States of

4.3 mg/kg (Schacklette and Boerngen 1984). Notably, selenium’s 95%UCL concentration is
well below the toxicity-based screening value of 14.8' mg/kg developed in ES/ER/TN-86/R3.
The single detection of Aroclor 1254; 9,400 pg/kg, exceeds the industrial ecological-screening
concentration. -No attempt was made o compute a2 95%UCL for Aroclor 1254; there is only one
detection in all samples.collected from the site. _ .

2.12.7 Intruder-Exposure Scenario.

This section provides an assessment of risks associated with a human health intruder-exposure
scenario; an intruder scenario was not provided in the RI BRA. :

Land use within the core zone of the 200-Area is cur:enﬂy considered industrial {exclusive) and
is defined as “preserving DOE control of the continuing remediation activities and use of the
existing compatible infrastructure required to’ supgort activities such as dangerous waste,.
radioactive waste, atid mixed waste treatment, and storage and disposal facilities”
(DOE/EIS-OZZZ—F) Future land use at the Hanford Site is-uncertain; however, the DOE, the
Ecology, and the EPA (ie., Tn—Parnes) have: agreed that an industrial scenario will be used 1o
evaluate waste sﬂ:es w1th1n the core zone Accordmgly, the RI BRA addressed exposure that

The remed:.amon decision process in the FS will not use the unrestricted-use scenario results
However, it has been regarded as possﬂale, though not likely, fnat, at-some time in the future, an
intruder-exposure scenario could occur.” The intruder scenario is envisioned to ccour at a time
well into the futire when institutional controls may lapse and individnals can have access to the
200 Area representative sites. In this manner, humans could be exposed to residual soil |
 oastituonite. . o5. AN RS X ieaciasaali : St

This section develops and presents the intruder séeri_axio through the following sequerice.

1. COPCS are rewewed and, assessed by compaﬂng 95%UCL cancentranons to background
and unrestricted use screening concentrations to detemune which constituents should be
used in the intruder risk calculations. The unrestncted—use screening concentration is an.
appropnate screening metric in this instance because, as discussed below, the mtruder
scenano is a variant of a residential (e. g ., ~ unrestricted use) scenario.

2. The ifitruder scenario will be developed through discussions of its characteristics and
exposure- and chemical-specific factors.

3. The results and chscussmn w111 be pxesented in terms of their 1mphcat10n for the FS
2.12.7.1 Intruder Scenario Contammants of Potent;ai Concern | .

Step one of this assessment, identification of COPCs for the intruder scenario, is summarized in
Table 2-16. As indicated in the table, comparing 95 %UCL concentrations to background and
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unrestricted-use screeming concentrations, reveals that arsenic, sulfate, Aroclor 1254,
benzo(z)anthracene, and chrysene will be included in the intruder scenario assessment.
Plutonium-239/240 also will be assessed using RESRAD; it will be discussed separately.

2.12.7.2 Intruder Scenario Discussion and Exposure Parameters

The second step, development of the scenario anddisﬁussions of the exposure and chemical
specific factors, is presented below.

The intrudsr scenario assumes that 2 receptor is residing within the vicinity of the 200 Area and
he/she obtains 2 substantial portion of his/her daily vegetable intake from a home garden. A
portien of the garden soils are assumed to be contaminated with drill cuttmgs taken from a well
drilied through the waste site. The drili cuttings are blended with unaffected soils to make up an
amalgam of garden soils, which become the source for exposure. Main characteristics of the
intruder scenario are as.follows: :

e Direct contact with the soils during gardening, including incidental ingestion of soils,
inhalation of dust arising from the garden and dermal coniact with the garden soils

0 Secemdary contact: mcloors with. dust that originated as garden soﬂ.s mciudmg add:ataonai
incidental ingestion, inhalation, and dermal contact _

s Consumption p;f irege_f;ables and fruits grown from the garden.
o Irradiation from radionuclides in the soil
® Exp;d:s;nre occurring 365- days/yr for 30 years. |

For purposes of evaluating the impacts of the intruder scenario, it is presumed that after

150 years an intruder couid obtain access to the area. The scenaric assumes no significant
attenuation of nonradionuclides; however, natural decay of radionuclides is assumed to.occur
over the 150-year period. The scenario is intentionaily conservative and may not actually be
plausible. For example, it may not be possible for a garden of the size specified to produce
enough fruits and vegetables to support the consumption specified.

Figure 2-23 is a condensed version of the Site CSM (from Figure 2-14), modified to reflect the
exposive seiting with an insert at the botiom illustrating the conceptualization of the potential
garden soils (the exposure media) and i its relanonsmp to site soils:and drill cuttings. ' As-
indicated, the cuttings are derived from a very large boring of 0.6 m (2 ft) in diameter to produce
14.4 m (47.2 f1*) of contaminated material soil. The boring is envisioned as a necessity to
provide water for the garden. When the cuttings are uniformly biended with other unaffected
soils to creats the garden, the total garden volume comes to 322.6 m (1,058 f£*) and a blending.
factor of 21.5 is obtained. As indicated in the CSM portion of Figure 2-23; complete exposure
pathways include external irradiation from radionuclides in garden soils, incidental ingestion of
garden soils, inhalation of dust from the garden, and consumption of home—xaiscd foodstuffs.

Exposure factors used to characterize the scenario are presented in Table 2-17. As indicated, the
introder recaptor is the hybrid of a small child-adalt receptor, occasionally referred to as the
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child-to-adult receptor. Most of the exposure factors were taken from DOE/RL-91-45, Hanford
Site Baseline Risk Assessment Methodology;.all others were taken from relevant EPA. guidance.
In addition to-the human exposure factors, several chemical-specific variables are necessary to
compute exposures and they are listed in Table 2-17. Figure 2-23 also included an assessment of
the risks associated with the installation of the large boring. This exposure may be addressed if
the intruder exposure suggests that it is necessary to understand the risk associated with the
entire scenatio.’ ' o '

Toxicity information (cancer slope factors and reference doses) were obtained from the
Ecology’s CLARC database (https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx)

(Bcology 2003). As indicated, sulfate is a- COPC for the intruder scenario. A review of
Ecology’s CLARC database, EPA’s IRIS database, and the Center for Discase Centrol’s Agency
for Toxic Substances and Disease Registry database did not generate appropriate information to
assess the toxicity of exposure o sulfate. The search was expanded and a relevant toxicity
summary from the DOE’s Risk Assessment Information System (RAIS) was obtained; it is
summarized beiow:

“In regards to sulfate, pursuant to the Safe Drinking Water Act, the U.S. EPA has.
proposed Maximum Contaminant Level Goals of either 400 or 500 mg/L. to protect -
infants, and has identified a LOAEL (Lowest-Observed-Adverse-Effect-Level) of

630 mg/L based on diarrhea in infants receiving formula made with high-sulfate water.
The Drinking Water Standards of the U.S. Public Health Service recommend that suifate
in water should not exceed 250 mg/L, except when no more suitable supplies aré or can
be made available (RAIS, 2005).”*°

Based on this information, a provisional reference dose, based on the administered dose that an
infant would receive from consumption of sulfate in drinking water at a concentration of
250 mg/L, was derived by Equation 3.

Administeréd oré_l dose&s'ul_fate,; N

256mg’X1.o.LX 1 156mg

. , Eq. 3
L~ day 16kg kg-day Fq

Equation 3 shows that the administered oral dose associated with infant consumption of sulfate
in drinking water at a-conceniration of 250 mg/L is 15.6 mg/kg-day. Because the drinking water
concentration (250 mg/L) citation is from a reputable source and is based on observed effects in
humans, uncertainty in the administered dose estimate, as a basis for a provisional chronic

19 The characteristics of the intruder scenario include consumption of home-grown fruits and vegetables and
continuous exposure for 30 years. Installation of the boring is likely to take several days. Inall likelihood, the
30-year residential-like intruder scenario produces much greater exposure than what would be experienced by a
several-day well driller. :

B RATS, 2003, Toxicity Prafile for Sulfate, US Department of Energy’s Risk Assessment Information System,
ttp:/frisk.1sd.ornl.gov/tox/rap_toxp.shtmt.
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reference dose (RfD,) is small. As a consequence, a modest uncertainty factor of 2 is
appropriate. The provisional sulfate RfDqy is calculated according to Equation 4.
Provisional RfD oy sulfate:

15.6 mg/kg —day
2

=7.8 mg'kg—day, Eq. 4

The provisional RfD, can be used until Ecology, EPA, the Centers for Disease Centrol, or other
reputable source provides an alternative.

2.12.7.3 Iniruder Scenario Resuifs

Based on the input described above, the intruder scenario expesure and risk calculations were
completed. The results are found in Table 2-17. Inspection of the results reveals that the
fcliowing.

s The summed hazard quotients, referved to as the hazard index (1) is 0.6. This value is
niotably below the benchmark HI of 1.0 that is frequently used to indicate a transition
from acceptable exposure conditions to conditions warranting concern, The HI is
dominated by the Aroclor 1254 component (~87 percent). According to Ecology, the
toxicological basis for Aroclor 1254 is ocular toxicity (effects on the eye) and effects on
the immune system; the basis for the arsenic RfD is skin lesions (Ecolegy 2003).
Because these two impacts are mechanistically independent, the HI of 0.6 is probably not
relevant and the HI Arocler 1254 -of 0.5 should be the guiding overall hazard assessment
meftric.

o The summed excess lifetime cancer risk (ELCR) is 2E-5 (1 in 50,000). This estimate is
near the mid-point of the 1E-6 to 1E-4 risk management range. The summed ELCR is
notably below the 1E-4 benchmark risk frequently used to signify the need for risk
management intervention. The summed ELCR is controlled by the arsenic part
(~87 percent). The controlling pathway of exposure is ingestion of home-produced
foodstuffs from the garden (~96 percent). More specifically, the arsenic foodstuffs
ingestion component produces an ELCR of 1E-5, which is 84 percent of the summed
ELCR. This finding would suggest that exposure to arsenic through consumption of
home—pmdnced foodstuffs could be responsible for & 1E-5 (1 in 100,000} ELCR. '
A review of EPA’s basis for its determination of arsenic carcinogenicity in humans
reveals that this might not be an accurate, biologically accurate charactenzanon,
according to the following excerpt:

“Basis -- based on sufficient evidence from human data. An increased
lung cancer mortality was observed in multiple human populations
exposed primarily through inhalation. Also, increased mortality from
multiple internal organ cancers (liver, kidney, lung, and bladder) and an
increased incidence of skin cancer were observed in populations
consurning drinking water high in inorganic arsenic (EPA 2005).”
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As indicated, EPA’s primary premise of human carcinogenicity is lung cancer from
inhalation (studies of smelter workers) and internal organ and skin cancers from ingestion
of drinking water containing high arsenic concentrations. Neither of these bases is
directly comparable to the exposure identified in the intruder scenario where exposure is
governed by exposure to soils and foodstuffs. Thus, the dominant risk aspect of the
summed ELCR (i.e., arsenic ELCR of 1E-5) should be viewed with a degree of caution in
light of this uncertainty and should not be used as the basis for remediation.

Table 2-12 identified the 95%UCL for Pu-239/240 as 200.2 pCi/g, a concentration that is notably
elevated above background. To evaluate the effects of Pu-239/240, RESRAD was configured to
express the intruder scenario as presented above. RESRAD computes doses and risks while
integrating radioactive decay and in-growth of dau ghter products. The time interval for the
intruder exposure was set to 150 years in the future to express the effect of the 150-year lag time
before an intruder could obtain access to the area. Thus, the dose estimates are for year 150 and
the risk estimates are for the time period of years 150 to 180.%' Table 2-20 summarizes the
results where it is shown that: '

« The dose is estimated to be 0.1 mrem/yr, which is well below the benchmark 15 mrem/yr
" dose limit. Incidental soil ingestion and inhalation of resuspended garden soils (i.¢., dust)
are the dominant exposure pathways (more than 90 percent). -

o The ELCR risk is 2E-8, which is well below the 1E-6 to 1E-4 risk management range
commonly used to gauge the need for remediation. : ,

On this basis, Pu-239/240 does not pose é. significant risk to intruders who could possibly inhabit
the site in the future.

In summary, this assessment demonstrates that the risks associated with the intruder scenario are
within acceptable ranges.’ Consequently, an RAO is not necessary.

2.12.8 Overall Summary of the Bééeline RlSk
Assessment Extended Analysis

The extended risk analysis commenced where the RI BRA left off. The RIBRA was essentially
a screening-level analysis that used conventional conservative techniques. The BRA extended
analysis was performed to clarify findings and reduce uncertainties in the RIBRA:
Conventional techniques were used in the extended analysis and inclided review and
interpretation of the nature and extent of contamination from the R, an expanded assessment of
the potential that constituents in the vadose zone may have on groundwater, reassessment of
screening results using exposure concentrations estimated with contemporary techniques, and
evaluation of an intruder human bealth exposure scenario. -

2 plutonium decays very slowly (t ¥z ~ 24,000 years) and the effect of this calculation on future events is not
significant, in this instance.
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The overall results of the BRA extended analysis are summarized in Table 2-20. Table 2-20 is
organized 1o present a before and after the extended analysis comparison. Each RI BRA COPC
is identified in the first column, followed by results of the three RT BRA screening-level
comparisons (an X indicates that an exceedance occurred). The right side of the table indicates
the corresponding results of the extended analysis. An* %X and shaded ceﬂl mdlcatc that the
RIBRA finding was offset by the extended analysm Key findmgs summarized in Table 2-20
include the following.

L. Wenty-onﬁ .consﬁ;tuents were identified by the RI BRA as COPCs for additional
consideration. These constituents were identified based on maximum concentrations
exceeding cne or more of the following: direct industrial exposure, protection of |
gmundwatm: and ecaiegicai risk associated with an industrial setting, ' '

2. Areview of the basm analyncai d&ta and ihe RI BRA ﬁndmgs dlsclosed that bismuth,
melybdenum, metbylene chloride, TBP, and 1,2-dichlotoethane should not be evaluated
in the FS:owing to prior disznissal, misreporting, and analytical issues (mdicated in the
No 'Ihreat or Lab/Reporting. En'ors column)

3. A revxew of Ihc spaual dlstnbutmn (Spa.tzal and Data Aggregatmn Conmderations
column), mc;}udmg the nature and extent of contamination, revealed that many of the
mammum detectaons were from commen hot 3pot locaticms Addltzonally, many of the

_ background coﬁcentranons The teasons. that somie constituents were retamed in the
RIBRA included there was no “Hanford Site background” data for comparison
{e. % selenium)-and cases where the maximum reported concentration exceeded the

207" percentile estimate of 'backgmund When these findings wers evaluated further, in

some cases, e. g., boron, reliable background data from the generai Yiterature were used
instead. In other cases, the 95%UCL concentration, computed with robust statistical
methods, was used as the metric for comparison to the 90 percentile estimate of
background. Asaresult, three constituents (boron, uramum, and vanadium) were found
to-be comparable to background usmg this techmque % and they will be omltted from
fm‘thar cons1deratmn - :

2 Using the UCL;S% for compearison is not the Same test a5 comparing the maximum to the 90"1 pe’cemﬂe estimate
of background. Neither test is statistically rigorous; however, using the UCLosg, 2s the comparison mefric
incorporates and expresses all of the datz and, therefore, is more representative of the suite of concentrations to
which a human or ecological receptor would actually be exposed (see Equation 1). '
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4. Four constituents identified as having maximum concentrations exceeding groundwater

protection screening concentrations also have Kgs greater than the vadose zone
immobility benchmark of 40 kgfL. (see column entitled No Impact to GW through
Vadose Zone Immobility K;>40). These constituents and their K4s are mercury (52),.
benzo(a)anthracene (357), chrysene (398}, and Aroclor 1254-(309). The extended
analysis found that, based on their Kgs, coupled with acknowledgment that the Ecology
method of computing groundwater does not represent the Hanford Site very well, these
constituents will be omitted from the analysis as posing a significant threat to
groundwater. Moreover, the vadose zone modeling (summarized below) confirmed that
the vadose zone immobility benchmark K of 40 kg/L is a reliable measure for gauging
migration potential of constituents from the vadose zone to groundwater. -

. Six constituents (arsenic, cadmium, silver, nitrate (as N), nitrate/nitrite [as NJ, and

sulfate) were identified as having maximum concentrations exceeding groundwater
protection-screening concentrations, but Kgs less than the vadose zone immobility
benchmark of 40 kg/L (see column -erntitled No Impact to GW through Vadose Zone
Transport). The migration potential of these constituents was simulated with SESOIL
using site-specific information. The analysis demonstrated that arsenic, cadmivm, and
silver have very little potential to migrate through the vadose zone. Over a 1,000-year
modeling period, none of the three constituents reached the groundwater. Consequently,
arsenic, cadmium, and silver should be dropped from the analysis as posing a significant
threat to groundwater Nitrate (as N), niteate/nitrite (as N), and sulfate were found to
have the potential to migrate to gmundwater ‘However, the SESOIL analysis revealed
that cmly nitrate/nitrite poses a threat of exceeding relevant groundwater quality critetia;

the maximum predicted groundwater concentration was 14 mgIL and the Federal

drinking water quality standard is 10 mg!L The exceedance is progected to occur after
about 785 years _ _

. Three compounds (arsenic, cadmium, and Tead), ongmally 1dent1ﬁed as posing a risk to

ecological receptors ‘because their maximum concentrations exceeded their industrial

 ecologic screening concentrations, were reassessed using the 95%UCL. The reassessment

found that their 95%UCL concentrations do not exceed industrial ecologic screening
concentrations and they are omitted from the analysis. Additionally, Pu-239/240,
originally identified as a threat to industrial workers through direct-contact exposure
based on its maximum concentration, was reassessed using the 95%UCL, The
reassessment found that doses and risks conservatively computed with RESRAD using
the 95%UCL concentration were within jimits.

Based on the summary above and the detailed analysis in the foregoing sections, the

- following are the key risk-based findings :

» The site is not highly contaminated, contamination is not widespread, concentrations
are not particularly elevated, and concentrations that are elevated are found in
lacalized hot spots. Significant portions of the site are not affected, or exhibit
constituent concentrations comparable to background. Localized areas of elevated

" constituents are actually found at depths of about 1.5t0 3 m (5 to 10 t) bgs
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~ There are no unacceptable direct-exposure risks to industrial workers.

There are no unacceptable rigks to the future infruder receptor that may inadvertently
reside near the site and establish a garden for the production of fruits and vegetables.

Nitrite/nitrate (as N) has the potential to migrate through the vadose zone and affect
groundwater and result in concentrations exceeding Federal groundwater standards.
These impacts are predicted to occur after approximately 800 years.

Sclenium and silver may pose somme threat to ecological receptors, based on 95 %UCL

‘cotficentrations that exceed industrial ecological-screening concentrations, However,

as discussed in Table 2-15, there is significant uncertainty in this finding.

Aroclor 1254 was reported in a single sample from one hot spot locaticn at

9,400 ug/kg. Based on the comparison of this concentration to the industrial
ecological-screening conceniration (650 pg/kg), there is potential concem that
wildlife exposed to soils at this location may be at risk for adverse effects. However,
the limited occurrence of Aroclor 1254 and its sole detection in soils that are L.5m

:(5 ft) bgs suggests that the actlml threat is very small.

BASELINE RISK ASSESSMENT EXTENDED
ANALYSIS OF THE 216-B-63 TRENCH STTE

This section provides the extended BRA analysis for the 216-B-63 Trench representative site.
The anmys1s will parallel the evaluation of the 216-A-26 Diich; however, it will be much more
concise and will rely on the discussions of methods and conceptualizations from the previous

sections.

2.13.1 Sumwmnary

Nine constituents were identified by the RI BRA as COPCs for the FS to consider. These
constituents were identified based on maximum concentrations exceeding one or more of the
three screening parameters. The extended risk analysis was performed to clarify the RIBRA
findings and rcduce uncertamtazes Based on the extended risk anaiyms, the BRA ﬁndmgs are as

follows.

@

The site isnot highly cuntaimzaabed is not wzde spread, concenn’ations are not .
particularly elevated, and concentrations that are elevated:are found in Iocalized hot
spots. Localized areas of elevated constituents are actually found at depths of about
1.5t0 3 m (5 to 10 ft) bgs.

There are no unacceptable direct-exposure risks to industrial workers. Additionally, there
are no unacceptable risks to the hypothetical future intruder.
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e There are no unacceptable impacts to groundwater.

o 'Tot_aj radioactive strontium concentrations (as S1-90), localized to two discrete locations,
just exceed the conservative BCG and may pese some threat to ecoloegical receptors.

2132 Extended Risk Analysis of the 216-B-63 Trench

Table 2-8 provided a summary of COPCs for the four 200-CS-1 QU representative sites,
including the 216-B-63 Trench site. Table 2-22 is a condensation of Table 2-8 to reflect only
those COPCs found in the 216-B-63 Trench representative site and it will serve as the basis for
the extended evaluation of the 216-B-63 Trench RIBRA findings.

The principal findings affectmg the evaluation of remedial actions at the 216-B-63 Trench for the
industrial land—use scenarios are as follows: :

o Bismuth was 1dent1ﬁed as posmg a potential threat to industrial receptors through direct
contact. Based on the evaluation of the 216-A-10 site, bismuth will be omitted from
further consideration. Six constituents (bismuth, cadmium, nitrate, nitrate/nitrite, sulfate,
and benzene) were identified as posing a threat to groundwater. These five constituents
are regarded as having sufficient mobility in the vadose zone (i.e., Kq less than 40 L/kg)
to reach and affect the groundwater (see Table 2-10). Additional evaluations will be
conducted to clarify the nature of the threat that these constituents pose to.groundwater.

« * Four constituents (boron, selenium, vanadium, and radioactive strontium) were identified
‘as potentially posing a threat to ecological receptors. An additional evaluation will be
conducted to clarify the extent that these constituents pose a significant risk to ecological
receptors.

2.13.3 Synthesis of the Nature and Extent of
Contammatmn

The initial step in the extended evaluation is to revisit the COPCS and assess the ‘nature and
extent of their occurrence inthe affected environment. The assessment will review the spatial
distribution of the COPCs and evaluate alternative statistical measures for summarizing site
conditions. One of the principal statistical measures that will be used is the 95%UCL
concentration. Figure 2-24 provides a summary of key features of the 216-B-63 Trench site
including the locations of the test pits and borings from which samples were obtained. A
summary of the analytical results of eight COPCs from each location also is provided.
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2.13.4 Spatial and Data Aggregamn Considerations

An inspection: of Pﬂgure 2- 23 reveals that the occurTence of COPCs gdenn_ﬁed in Table 2-22 is
typmally Limited to discrete locations. Review of the data tabie in Figure 2-23 shows liitle if any
variation among ‘all concentrations of cadmium, selenium, and vanadium. There is ewdence of
elevations in the concentrations of nitrate {as N) and nitrate/nitzite (as N), as well as radmactwe
strontium (reported as Sr-90). Additional interpretation using the rationale developed in the
previous assessment from Figure 2-23 and summarized ix Table 2-23 includes the fo]lowmg

]

Boron concentrations measured in the smis do not appear to be eievated based on
comparison to relevant litérature information. Consistent with the analysis of the
21 6-A-29 Ditch site, boron will be omi&ted from further analys;s

Cadmimm concen‘tranons are not elevated above backg*oumd at the site. The reason that
cadmium was identified as 2 COPC in the RI BRA is the single report of 2.42 mg/kgina
split sampie obtained from the 5.3 to 5.8 m (17.5 to 19.0 f£) depth at B8827. The
companion sample result was 0.108 mg/kg: Perusal down the colurmn of all cadmium |
results demonstrates that adjudicating the split-sample result is uncharactenstic As
indicated, all other cadmium resulis are either non-detections or, when detected,
indistinguishable from the Hanford Site backgr@und On this basis, cadminm wili be
omitted from furﬂler analyms :

Selenitm concentrations ans not elevated at the site. All méasurémcnts' are below the
Hanford Site background-screening benchmark. As mentioned in the Table 2-23 -

‘remarks, the Hanford Site backgroumd selenium-scresning value was not available when

the RI BRA was performed. Had it been, selenium would not have been reported as 2
COPC because the maximum value of 0.75 mgfkg is less than the 0.78 mg/kg screemng
value, ‘On this basis, selenium will be omitted from further analysis.

Vanadium concentrations are not elevated at the site. Once again, viewing down the
column of results indicates striking consistency in the reported vanadium concentratious.
As indicated in the Table 2-23 remarks, vanadium was apparently relegated as a CGPC
because the maximum concentration (86.6 mg/kg) exceeded the Hanford Site background
(85.1 mg/kg). Notably, the governing result (86.6 mg/kg) was the only measurement that
exceeded the background benchmark. Additionally, the result from the companien split
sample was 78 mg/kg and below the background benchmark concentration. When the
split results are averaged and folded into the remaining 0 to 4.6.m (0 to 13 ft) vanadium
datd, a mean of 58.2 mgfkg and 95%UCL of 65.7 mg/kg are computed. The more robust
95%UCL of 65.7 mg/kg is well below the Hanford Site background (SS i mgikg) On
this basis, vanacium will be omittad from further analysis.

Nitrate concentrations (as N) appear to be elevated at select Jocations, most notably at
BT-2-1{(151018m[5tc6ft]),as wellas 2t BT-1 (2.1t024m[7to8f}and2%mto
3.2 m [9.5 to 10.5 ft]}. As indicated, howevsr, the mean and 95%UCL concentrations are
30.1 and 76.4 mg/kg, respectively., While the 95%UCLconcentration is-above the -
Hanford Site background, the mean (30.1 mg/kg is not, and both are substantially lower
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than the maximum. Scanning down the Tesults column indicates that the bulk of the soils
are not as adversely affected as are the s0ils Iocated at BT-2-1 (1.5to 1.8 m [5-to 6 £]).

o Nitrate and nitrite concentrations (as N) also appear to be elevated at BT-__Z_(i.S.t_o 1.8m
[5 to 6 ft]) and at BT-1 (2.1 to 2.4 m [7 to 8 ft] and 2.9 t0 3.2 m {9.5 t0 10.5 ft]). Again,
perusal down the results column and noting the profile indicates that the bulk of the soils
are not as adverser affected as the maximum reported concentration might imply.

° Benzene was detected at a concentration exceeding the groundwater screening value in
one sample at the site at 8 pg/kg. The detection rate for benzene (1 in 26 samples) is
3.8 percent detection rate and is below the EPA’s 5 percent guideline for exclusion based
on low detection frequency (EPA/540/1-89/002). This single spurious report of benzene
at a concentration only slightly above detection limits (8 ug/kg) is uncertain and, given
the waste history, doubtful as a genuine detection, On this basis, benzene will be omitted
from further evaluahon : :

« Radioactive strontium (as Sr-90) concentrations appear to be elevated at select locations;
mostnotablyatBT—z (1.5tot8mf5to6ft] and2.3t02.6 m[7.5t0 85ft]),a8well as at
BT: -2A (1.8 to’ 2. 1 m [6 to 7 ft]) The mammum ccncentrauons at these locatlons just
Site background inspection of the whole of the data by vmwmg down the coiumn
indicates that Sr-90 is not elevated at BT-1 and generally, not elevated in the deeper soils

overall (e.g., deeper than about 6.1 m [20 ft]). The mean and 95%UCL concentrations
(5.6 pCi/g and 17.4 pCifg, respectively), while stillabove the Hanford Site background,
are below the 22.4 pCi/g screening value. -On this basis, total radicactive strontium (as
8r-90) will be omitted as a COPC, and an RAO will not be necessary.

2.13.4.1 Summary of tlie Nature and Extent of Contamination and Implicati_iins for the
Feambllity Study

This review indicates that ‘the use of maximum concemratlons for screemng has effecuveiy
identified a subset of constituents as COPCs. However, as indicated above, the nature and extent
of contamination is characterized as localized, not uniformly.distributed. The main conclusions
from the evaluation and synthesis of the nature:and occurrence of contamination information
presented in Figure 2-24-and Table 2-23 are as follows. : -

« Contamination is not widely dispersed over the site at elevated concentrations. There are
* specific locations where elevated concentrations are consistently reported. These
* locations include pits in the 1.5 to.3 m (5 to 10 ft} intervals at BT-1-and BT-Z There is
evidence of contamination at B8827 at the 3t0 3.7 m (10 to 12 ft) depth.

o The only COPCs that are apparently the result of waste-related activity are nitrate (as N),
' nitrate!nitrite (as‘N) and radioactive strontium.

Based on these findings, additional evaluauon wﬁl be necessary to clarify (1) the degree to which
nitrate (as N), nitrate/nitrite (as N), and benzene pose a threat to groundwater, and (2) the
ecological risks posed by radioactive strontium (as Sr-90).
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2.13.5 Groundwater Impacts from Vadose Zone
Contamination

Additional evaluation is necessary tc clarify the degree to which nitrate (as IN), nitrate/nitrite (as
N}, and benzene pose threats to groundwater. ‘This evaluation will use site- and
chemical-specific information as inputs into SESOIL (GSC 1998) to investigate whether residual
soil contamination can affect the deeper-saturated groundwater. A conceptualization of the
SESOIL model for the 216-A-29 Ditchis presented in Figure 2-17. The only modification for
the 216-B-63 Trench site wili be to adjust the source volume because the 216-B-63 Trench is not
as large (approximately 426.8 m {1,400 ft] long, 1.2 m {4 ft] wide at the bottom, and 3 m {10 ft]
deep). The depth of the unsaturated zone is unchanged, 82.3 m (~270 f1). Chexmcal specific
input parametﬂrs are fmmd in Tabie 2—24} _ _

Figure 2-25 ﬂ}ustrates the predxcted 1_mpacts that nitrate and nitrate/nitrite concentrations in the
vadose zone soils (0 to 4.6 m [0 to 15 ft]), at their 95%UCL concentration (66.9 mg/kg and
76.4 mg/kg, respectively) may have over 2 1,000-year period. SESOIL predicts that these
constituents could reach the groundwater around model year 785 (~2791). ‘The estimated
groundwater concentrations of nitrate and nitrate/nitrite are approxirmately 9 and 10 mg/L,
respectively. As indicated by the inset table at the bottom of the figure, the maximum predicted
groundwater nitrate concentration is just below the state groundwater standards, which is

10 mg/L. The maximum predicted nitrate/nitrite concentration is just equal to.the Federal
drinking water standard, which is also 10 mg/L.. Readers will note that these resulfs are similar

" to those presented for the 216-A-29 Ditch site (Figure 2-22). This because the source sizes and

95%UCL concentrations are very similar and the main factors affecting trensport and fate,
atraospheric data, soil composition, thickness of the vadose zone, and the distribution
coefficients (i.e., Kqs) are the same.

Based on this assessment, and considering the inkerent uncertainty in predictions 800 years in
the future, it is evident that nitrate and nitrate/nitrite vadose sm} concentrations do not pose a
substantial th.reart ito gmundwater ' Lo

2.13.6 Revised Assassments %Usmg Rohust 95%UCL
Exposure-Point Concenirations

The RI BRA screening based on maximum concentrations will be refined by comparing _
85%UCL concentrations to screening values in the following section. Table 2-25 summazizes
the results. Inspection of the table reveals that the 35%UCL concentrations for nizate (as N) and
nitrate/nitrite (as N) are notably higher than their controlling screening value. However, the
Sr-90 95%UCL (17.4 pCi/g) is actually less than the controlling ecological-screening value -
(22.5 pCifg). Fgure 2-26 displays the airay of Sr-90 concentrations in the top 4.6 m {15-f)
interval at the 216-B-63 Trench. The figure clearly illustrates the influence that two outlier
samples have on the summary statistics as well as on the compliance analysis. The ecological
benchmark, in this case the BCG of 22.5 pCifg, and its relationship to the whoie of the data, is
illustrated in the scatter plot (upper panel). The two outliers are seen as being approximately two
standard deviations above the mean (bottom panel}. The two samples located at BT-2 (2.1 to
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2.4 m [7to & ft]) and BT-2A (1.8 to 2.1 m [6 to 7 ft]) are identified as statistical outliers and as
clearly distinct from the rest of the data set.

The significance of this illustration relates to exposure potential and the risk-ensuing risk
management decision. The EPA recognizes the mean concentration as the best statistical
estimate of EPC (EPA/540/1-89/002). However, in light of circumstances such as those
illustrated in Figare 2-26, and in-order to guarantee an error on the side of safety, the 95%UCL”
of the mean is recommended as the EPC (EPA/540/1-89/002). The effect of this
recommendation is illustrated in Figure 2-26 and summarized by the interpretation that, while a
receptor may be exposed to the maximum and other high-end concentrations, exposure to other
concentrations in the data set will occur as well. Based on the distribution shown in Figure 2-26,
the majority of exposure will be to concentrations in the lower end of the distribution (e.g., under
5 pCi/g). However, by including the maximum and higher-end concentration in the calculation
of the mean and 95%UCL, exposure to those concentrations, appropriately weighted, the
higher-end values are accounted for and expressed as well. It is for this reason that the 95%UCL
should be considered the EPC for basing remediation decisions. ‘In this case, because the
95%UCL is notably below the 22.5 pCi/g controlling screening value, remediation should not be
cons1dered necessary to control nsks to w1th1n acceptable levels. _

2.13.7 Intruder Exposure Analys1s

An unrestricted use scenario was. cvaluated in the RI BRA although it will not be used in the
remediation decision process. The basis and rationale for thc intruder analysis, along with the
technical approach and details, were discussed previously in Section 2.12.6.

2.13.7.1 Intruder Scenario Contaminants of Potential C0n¢ern

companng 95%UCL concentrauons, none of the nonradsological constifuents quahfy as
candidates for the intruder analysis. The total radioactive strontium 95%UCL exceeds the . -
Hanford Site background and there is no unrestricted use screening concentration.

- Consequently, total radioactive strontinm (as Sr-90) will be assessed in the intruder scenario

using RESRAD.
2.13.7.2 Intruder Scenarie Results

The results of the intruder scenario risk assessment for total radioactive strontium (as Sr-90) are
provided in Table 2-27. As indicated, the dose estimate is 4 E-9 mrem/y and the ELCR is 4E-15.
Both of these results are far below their respective criterion of 15 mrem/yr and 1E-4 ELCR.
Additionally, though not quantified, it is reasonably assumed that doses and risks associated with
installation of the boring (several days of exposure) would be _less than those shown in

Table 2-27. _

B There is 95 percent confidence that the mean or average EPC is less than the UCL;S%. In this case, there is
95 percent confidence that the true average Sr-90 EPC will be less than 17.4 pCi/g.
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2.13.8 Overall Summary Baseline Risk Assessment

Extended Analysis

The overall resulis of the extended analysis are sumnmarized in Table 2-28, which is organized to
present a before and after the extended analysis portrait. The layout of the table was discussed
previously in the corresponding summary of the 216-A-29 Ditch site. The findings include the
following.

1. Nine constituents were identified by the REBRA as COPCsforthe F'S to -c-onsider, based

on maximum concentrations exceeding one or mere of the three main screening
parameters. These exceedances are identified by check marks in the three columns
entitled “Initial Screemng Concentration Exceedance.”

. A review of the RI BRA findings disclosed that bismuth shouid not be evaluated in the

FS; 11t was found to pose no substantxal 1isk to human health or the environment,

. The evaluation revealed that boron, cadlmum benzene selemum and vanadium

concentrations coutld not be Just:ﬂ.ﬁed as exceedmg background or were included as
COPCs based on detections. : : _ :

. Four constituents {cadmiurns, nitrate {as NJ, nitrate/nitrite-[as N}, and benzene) were

identified as having maximum concentrations exceeding groundwater protection

screening concentrations and Kqs less than the vadose zone immobility benchmark of -

40 kg/L.. However, as indicated previously, it was found that cadmium concentrations are

not elevated, nor is there evidence of cadmium-related waste impacts; thus; its potential

impact on. groundwater was not evaluated. Additionally, benzene was omitied from the
assessment because the single detection was detenmned to be spunous and n@t

revresemauve of the site. -

The migraton potentiail of nitrate {(as N) and nitrate/nitrite (as N) was simulated with
SESOIL using site-specific information. Nitrate (as N) and nitrate/nitrite (as N) were
found to have the potential to migrate to groundwater. However, their mipacts do not
result in exceeding pertinent groundwater quality criteria. '

. Three compounds (selenium, vanadium, and radioactive strontium) were originally

identified: a8 pcssmg arisk to ecoiogmal reccptors because theu' max;mmn conccnn'auons

concluded that seiemum and vanadium concentrations are not elevaied Thc extcnded
analysis found that the radioactive strontium 95%UCL concentration does not exceed the
ecological-screening concentration.
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6. Based on the summary above and the detailed analysis in the forgomg sections, the
following are the key risk-based findings: _

» The site is not highly contaminated, contamination is not wide spread, concentrations
are not particularly elevated, and concentrations that are elevated are found in
localized hot spots. Significant portions of the site are not affected, or exhibit
constituent concentrations comparable te background.

« Localized areas of elevated constituents are actually located at depths of about 1.5to
3 m {5 to 10 ft) bgs. Consequently, the threat that they may pose to humans and
ecological receptors is actually very minimal and is not accurately expressed by the
comparisons to screening levels, as suggested by the RI BRA.

« There are no unacceptable direct-exposure risks to industrial workers.

s There are no unacceptable risks to future intruder i‘eceptors that may inadvertently
reside near the site and establish a garden for the production of fruits and vegetables.

» There are no unacceptable impacts to ground'w.at.er.

» There are no unacceptable impacts to ecological receptors.
2.14 BASELINE RISK ASSESSMENT EXTENDED

ANALYSIS OF THE 216-S-10 DITCH SITE
This section ,pro__v.l_des the extended BRA analysis for the 216-S-10 Ditch representative site. The
analysis will parallel the evaluation of the 216-B-63 Trench; however, it will be much more

concise and will rely heavily on the discussions of methods and conceptualizations from the
previous sections.

2.14.1 Sunmiary
The extended analysis has fo_und the following.

o The site is not highly contaminated. Elevated levels of contamination were fdund
primarily at one localized hot spot, SD-2.

« There are no tnacceptable direct-exposure risks to industrial workers.
e There are no unacceptable risks to groundwater.
e There are no unacceptable risks to future intruder receptors.

» Three constituents (total chromium, silver, and Aroclor 1254) may pose some threat to
ecological receptors. However, the threat is localized to the discrete location at SD-2.
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2.14.2 Extended Analysis of the 216-8-10 Diich.

This section pirovides the extended BRA analysis for the 216-S-10 Ditch representative site. The
analysis will parallel the evaluations of the 216-A-29 Ditch and 216-B-63 Trench; however, it
will be concise and will rely on ths giscussions of methods from previous sections.

Table 2-8 pmwded a summary of COPCs for the four 200-CS-1 rcpreseniaﬂve sites mciudmg the
216-S-10 Ditch. Table 2-29 is a further condensation of Tabie 2-8 to reflect only those COPCs
found in the 216-S-10 Ditch site.

The principal ﬁndlngs effect:mg the gvaluation of -rémedial actions at the 216-S-10 Ditch for the
industrial land use scenarios are as follows.

o Bismuth was identified as posing a potential threat to industrial receptors through direct
contact. - Consistent with previons sections, bismuth will be omitted from further
conmdcratzon _

e Ten constituents (arsemc, bismuth, mercury, silver, benzo(a)tanthmcene benzc(a)pyrene
benzofz)fiuoranthene, %)enzo(k)ﬂuoranthene, chrysene, and Aroclor 1254) were mcnmfied
in the RI BRA as posing a threat to groundwater.

Ad; ditmnal evaluations *wﬂi be conducted to clarify the nature of the threat that these constituents
pose (o gmundwaw

o -~ Nine constituents (boron chrozmum {tota.l] CODPET, seiemum,, silver, thallinm, vanadium,
zinc, and Asoclor 1254) were identified as potentially posing a threat to ecological
receptors. Additional evaluation will be conducted to clarify the extent that these and

- other constituents pose a significant risk to ecological receptors.

2.14.3 Synthsﬂs of the Nature and Extent of
 Contamination

Figure 2-27 prowdes a summary of key features of the 216-8-10 Ditch site mcmdmg the.
iOCaﬁOIiS of the three test pits (8D-1, -2, and -3) and the single boring (B8828) from which
samples were obtained. A summary of the analytical results of the 17 R BRA COPCs from each
location also is prowded in the Spatial and Data Aggregation Consxdera:hcns {hscusszons '

A review of Figure 2-27 reveals that in general, the occurrence of COPCs is hm‘ited 1o dzlscxete
locations. Most notably, looking across the rows suggests that the SD-2 location, which contains
samples from near the ground surface (0 to 0.6 m [0 to 1.5 ft] bgs and 0.5t0 0.9 m [1.5 10 3.0 ft]
bgs), may express the remnants of waste—rciated activities. Looking down the columns of each
constituent reveals that with one exception,” there is an apparent discontinuity in some results
ohtained from fme spht sample collected at B8826 (7.6082m 25t 27 ft] deptn) where

% There is apparent discontinuity in some results obtained from the split sample collected at B8826 (7.6 t082m
[25 1o 27 fi] depth) where significant disparity is evident with arsenic, mercury, selenium, and vanadium resuits.
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significant disparity is apparent with arsenic, mercury, selenium, and vanadium results.
Additional interpretation of Figure 2-27 using the rationale developed in Section 2.11.1, and
summarized in Table 2-30 mcludes the followmg

Arsenic concentrations’ measured at the site do not appear to be related to waste activities,
Arsenic concentrations detected at the site dre less than the Hanford Site background
screening concentration; therefore, arsenic will be omitted from further analysis.

Boron concentrations measured in the soils do not appear to be elevated, based on
comparison to relevant literature information. On this basis, and consistent with previous
analyses, boron will be omitted from further analysis.

Chromium (total) concentrations are elevated locally at SD-2 (0 t0 0.5 m {0 to 1.5 ft] and
0.5to 0.9 m [1.5 to 3 ft} bgs intervals); slightly elevated chromium may exist at SD-1
(1.8 to 2.1 m [6 to 7 ft] bgs). Looking down the column of chromium concentrations
indicates that most other concentrations measured at the site are not distinguishable from
background. Notably, at intervals 41.2 to 41.8 m (135 to 137 ft) bgs, 45.7t0 46.3 m
(150 to0 152 ft) bgs, and 67.1 to 67.7 m (220 to 222 ft) bgs, chromium concentrations
exceeding the Hanford Site background screemng benchmark concentration were
detected.

Copper concentrations are elevated locally at SD-2 (0to 0.5 m {0 to 1.5 ft} and 0.5 to
0.9 m [1.5 to 3 ft] bgs intervals). However, in looking down the colurmn of copper
concentrations, it is apparent that most other concentrations measured at the site are not
distinguishable from background. As indicated in Table 2-30, the mean and 95%UCL

_concentrations are notably below the controlling ecological-screening concentration.

Mercury concentrations are elevated locally at SD-2 (0to 0.5 m [0 to 1.5ft] and 0.5 to
0.9 m 1.5 to 3 ft] bgs intervals). Once again, in looking down the column of mercury
concentrations, it is apparent that most other concentrations measured at the site are
comparable to background; many are reported as non-detections. - As indicated in
Table 2-30, the mean mercury concentration (0.5 mg/kg) is well below the controlling
ecological-screening concentration (2.09 mg/kg); the 95%UCL (2.2 mglkg) is
apprommatcly equal to the ecological-screening value,

Selenium. concentratxons measured at the site do not appcar to be related to waste
activities. All concentrations are below background (a background screening value was
not available for the RI BRA); therefore, selenium will be omitted from further analysis.

Silver concentrations are elevated locally at SD-2 (0t0 0.5 m [0to 1.5 ft] and 0.5 10

0.9 m [1.5 to 3 ft] bgs intervals). However, with the exception of SD-2, all other
concentrations measured at the site are not distinguishable froin background or are
non-detection reports. As indicated in the mean and 95%UCL concentrations exceed the
controlling ecological-screening concentration. The median concentration, which is less
sensitive to outlier measurements, is 0.1 mg/kg and is well below controlling 2.0 mg/kg

ecological-screening concentration.
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Thallium snalysis, obtained from three samples, ranged from 0.59 10:0.99 mg/kg and was -
detected in the associated blanks. These concentrations do not appear to be related to
waste activities. All concentrations are less than the controlling ecological-screening
concentration (1.0 mg/kg). As indicated in the Table 2-28 remarks, thallium is found in
sendstones and shales at concentrations up to 1.0 mg/kg and 2.0 mg/kg, respectively
(Pendias and Kabata-Pendias 1992, “Trace Elements in Soils and Plants”) On this basis,
thalhum wil} be omitted from further analyms

Vanadium concentrations measured at the site do not appear to be related to waste
activities. This is evidenced by the general uniform distribution (lcoking down the
column), the absence of elevated concentrations at SD-2, and the fact that the 95%UCL
concentration (80.5 mg/kg) is less than the Hanford Site background screening
concentration (85.1 mg/kg). The maximum vanadium concentration (87.5 mg/kg) is
essentially equivalent to the Hanford Site background screening concentration

{85.1 mg/kg). On this basis, vanadium wili be omitted from further analysis.

Zinc concentrations are elevated locally 2t SD-2 (0 t0o 0.5 m [0 to 1.5 ft] and 0.5t 0.8 m
[1.5 to 3 fi] bgs intervals). In iookmg down the column of zinc concentrations, it is
apparent that, with the exception of SD-2, all other concentrations measured at the site
are uniformly distributed and with a minor exception at B8828 (61 t0-67.7 m [200 to

222 £]), actually less than background (67.8 mg/kg). As indicated in Table 2-30, the
mean and 95%UCL concentrations are both below the controlling ecological-screening
concentration. The mechan concentration, which is less sensitive to outlier * -
measurerments, is 53.1 mg/kg and well below the Hanford Site background coneentration

(67.8 mg/kg).

Aroclor 1254 was detected in two sampies at the site: at SD-2 (010 0.5 m [0 to 1.5 1]
and ©.5 to 0.9 m [1.5 to 3 ft] bgs intervals). The detections were 3,700 and 1,100 pgike.
Looking down the Aroclor 1254 column on Figure 2-27 reveals that detection limits
typically were in the range of 34 10 38 pg/kg. Because both detections were from the
SD-2 location, no attempt was made to compute summary statistics.

Four polycyclic aromatic hydrocarbon compounds were detected at concentrations
ranging from 530 pg/k (benzo(b)iluoranthene) to 680 ug/k (chrysene). All were found in
the(C t0 0.5 m [0 to 1.5 ft] interval of SI-2. Again, because both detections were from
the SD-2 location, no attempt was made to compute summary statistics. As indicated in
Figure 2-27, the sole analytical report that triggered inclusion of benzo{a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, and chrysene as COPCs was flagged as an
estimated “J”value. This suggests that there may have been some difficulty with the
analysis.

2.14.4 Summary of the Nature and Exfent of

Contamination and Implications for the
Feasibility Study

The nature and extent of contamination are localized, not uniform, as indicated by consistent
findings of elevated constituents at SD-2. Interpretation of Figure 2-27 indicates that, while
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there are specific locations where elevated constituent concentrations are found (particularly in
the upper interval at SD-2), there also are a comparable number of locations where there are no
detections and/or concentrations are comparable to background levels. These conclusions are
based primarily. on the following findings. . '

o Waste-related contamination is not widely dispersed over the site at elevated
concentrations. Rather, there are specific locations, notably SD-2 and possibly the 1.8 to
2.1 m (6 to 7 ft) bgs strata at SD-2, where elevated concentrations are consistently
reported

o Five constxtuents (arsenic, boron, selenium, thallium, and vanadium) identified as COPCs
have been categorized incorrectly because they are not widely dispersed at elevated
concentrations and their aggregate concentrations (e g., mean and 95%UCL) do not
exceed background

o Other constituents 1dent1fied as COPCs (specifically, Aroclor 1254, benzo(a)anthracene,
benzo{a)pyrene, benzo(b)fluoranthene, and chrysene) were identified because their
maximum concentrations exceeded groundwater screening values. These values are not
widely dispersed at elevated concentrations, and the maximum reported concentration is
not reflective of overall site conditions. The maximum concentrations of these
consotuents were reported in the 0 to 0 3m@tol ft) interval of SD-2.

Further evaluation wﬂl be necessary to clarify the degree to which the consntoents identified
above actually pose unacceptable risk to humans, ecologlcai receptors  and groundwater

2.14.5 Groundwater Impacts from Vadose Zone
Contamination

The RI BRA found that ten constituents (see Table 2:29) posed a significant threat to -
groundwater because their maximum measured concentrations exceeded their groundwater

impact screening concentrations. ‘Table 2-9 reveals that the groundwater protection screening
values for many constituents are very low and, in some instances, impracticable.

This section w111 address groundwater impacts by:

1. Identifying COPCS with potentlal t0 nnpact groundwater using WAC 173- 340-’747
Equahon 747-1

2. Refining according to the spatial and data aggregaoon analysis, as'appropriate
3. Assessing migration potential qualitatively using the K4[140 kg/L benchmark

4. Reevaluating the potential impacts to groundwater with SESOIL, as necessary.
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The first thres steps of the process, summarized in Table 2-31, indicate the following.

o Silver quahﬁes for exterded analysis of its potential to adversely affect groundwater.
The 95 %UCL concen‘u:ranen exceeds thc K, thch is less than 40 kg/L...

e Mercury, Aroclor 1254, benzo(a}anthracene, benzo(a)pyrene, benzo(b)ﬂuofanthene,
benzo{k)fluoranthene, and chrysene do not qualify for extended analysis because they
have Xgs greater tha.n 40 kg/L. They are onnttedl as COPCS on this basis.

The fourth step of the extended evaluation is assessing the. potential 1mpacts that snlver could
have on groundwater under baseline conditions (the present conditions remain unchanged) usmg
SESOIL (GCS 1998). Chemical-specific input parameters for silver are found in Table 2-32.%

The resuits provided in Figure 2-28 illustrate the predicted impacts that silver concentrations in
the vadose zone soils (0 to 4.6 m [0 to 15 £t]), at their 95%UCL concentration of 21.1 mg/kg, will
have over a 1,000-year period. SESOIL predicts that silver will not reach the groundwater. The
TAXI ;)cnetramon into the vadose zone is 18.9 m (62 ft), which is well above the 68 m

(223 ft} depth of the saturated zone. The actual migration distance from the bottom of the waste
layer into the vadose zone is only 14.3 m (47 ft) (4.6 — 18.9 m {15 ft — 62 ft]). The vadose soil
moisture cornicentration at the depth of maximum penetrations {18.9 m [62 ft]) is estimated to be
about 0.7 ngL

Based on this assessment, none of the consntuents menuﬁcd in Table 2—31 pose a threaé: to
adversely affecting groundwater. .

2.14.6 Revised Assessments Using Robust 95% UCL
Exp@sure-Pumt Concen:tratmns

In this section, the screening will be reﬁned by comparing 95%UCL concentrations to scmemng
values. _

The resu]lts are shown in “Table 2—33 and smnmanzed be}ow

s Chromlum (total) sﬂ.ver, and Amclor 1254 are retained because their QS%UCL
concentrations (maximum in the case of Aroclor 1254) exceed the mdustnal
ecoi@gaca]l—screemng concentranons _

o Copper and zinc will be omitied from further consideration because their 95%UCL
concentrations do not exceed the industrial ecologmal—-scre:emng concemramm

# A conceptualization of the SESOTL model for the 216-A-29 Ditch is presented in Figure 2-17. The only
significant change from Figure 2-17 is modification of the unsaturated zone thickness to from 76.2 m (250 ft) to
68 m (223 ft) to better reflect 216-S-10 Ditch conditions. _
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2.14.7 Intruder Exposure Scenario

Consistent with extended analyses for the previous sites, an unrestricted use scenario was
evaluated in the RI BRA, aithough it.will not be used in the remediation decision process. The
intruder scenario was developed in detail in the analysis of the 216-A-29 Ditch site.

2.14.7.1 Intruder Scenario Contaminants of Potential Concern

Step one of this assessment is summarized in Table 2-34. As indicated, maximum
concentrations of Aroclor 1254 and the polycyclic aromatic hydrocarbons exceed unrestricted
use screening concentrations. - Consequently, Aroclor 1254, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, and chrysene will be evaluated at their maximum
concentrations

2.14.7.2 Intruder Scenano Results
The results of the intruder sceriario risk assessment are provided in Table 2-35. As indicated:

« The HQis 0.2, wh1ch is well below the benchmark 1.OHQ
s The ELCR s 107 (1 in 100,000), which is well below the 10 benchma:tk value

Given the extreme conservation embedded in these calculations, it is apparent that the site does
not pose unacceptable risk to any hypothetical future intruder receptor

2.14.8 Overall Summary Baseline Risk Assessment
Extended Analysis

The overall results of the BRA extended analysxs are summ:mzed in Table 2-36. The findings
include the following. .

1. A total of 17 constituents were identified by the RI BRA as COPCs for the FS to
consider, based on maximum concentrations. These exceedances are identified by
checkmarks in the three columns entitled “Imtlal Screenmg Concentrauon Exceedance

2. The RIBRA findlngs disclosed that bismuth shouid not be svaluated in the FS 1t was
found to pose no substantial risk to human health or'the environment. Lo

3. Areview of the spatlal distribution, mcludmg the nature and extent of contamination,
revealed that maximum detections were all from one location, SD-2. Additionally, many
of the analytical reports were non-detections or detections that could be attributable to
background concentrations.

Based on the synthesis of spatial distributions, and computation of robust $5%UCL
concentrations, arsenic, boron, selenium, thallium, and vanadium have been omltted from
the evaluation.

4. Seven constituents (mercury, Aroclor 1254, benzo{a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, and chrysene) were identified as having
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maximum concentrations exceeding groundwater protection screening concentrations.

However, these constituents all have Kgs greater than the vadose zone immobility

benchmark of 40 ke/L. As a result, they are omitted as COPCs because they do not have
the mobility potential to reach and adversely impact groundwater.

The migration potential:of silver (Kg = 8.3 kg/L) was simulated with SESOIL. using
site-specific information and it was found that over a 1,000-year period, silver would not
penetrate the width of the vadose zone and contact groundwater. On this basis, silver was

omitted as 2 COPC w1th the potemza'.i 10 affec‘t groundwater.

Eight bompounds (boror, total chromium, copper salﬁmum silver, vanadium, zinc, and
Aroclor 1254) originally were identified as posing arisk to ecologica} receptors because
their maximum concentrations exceeded industrial ecologic screening concertrations. As
discussed above, it was concluded that boron, selenium, and vanadium concentrations are
not elevated and there is no evidence to suggest that observed levels of these thiree
constituents are at elevated concentrations or related to waste activities. The extendesd
analysis found that the total chromium, silver; and Aroclor 1254 95%UCL cencentrations
exceed the biota screening concentraiion. The exceedances come from elevated
concentrations at SD-2.

Based on the suinmary above and the detailed analysis in the foregomg sections; the
following are the key risk-based ﬂnd.mgs

° Tﬁw site is, not highly contaminaied. Elevated levels of contamination were found _
primarily at one localized hot spot, SD-2. There are no unacceptable ixectexposm
risks tc industrial workers.

= There are no unacceptable risks {o groundwatcr

o .There are no unacceptable risks to future intruder receptms ’Ihree constituents, total
-chromium, sﬂver, and Aroclor 1254, may pose some threat to ecological reccptors
However, the threat is locahzed to the mscrete location at SD-2. :

BASELINE RISK ASSESSMENT EXTENDED |
ANAE.,YSES OF THE 216-S- ]lﬂ POND SITE

This section provides the extended BRA ana]ysm for the 216—8 10 Pond represemanve srte
Table 2-8 provides a summary of COPCs for the four 200-CS-1 OU representative sites,
including the 216-S-10 Pond. Table 2-36 is a condensation of Table 2-8 to reflect on]ly thoss
COPCs found at the 216 S-10 Pond representative site.

2.15.1 Sﬁmmary

Based on an analysxs of the analyucal data and the nature and extent of contamination, it is
concluded that there are no COPCs at the 216-8-10 Pond site and consequently, there are no
issues affecting the FS.
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2.15.2 Extended Analysis of the 216-S-10 Pond

The principal findings effecting the evaluation of iemcdial actions at the 216-S-10 Pdnd for the
industrial land-use scenarios are as follows (referring to Table 2-26).

» Bismuth was identified as posing a potential threat to industrial receptors through direct
contact. Consistent with previous analyses, bismuth will be omitted from further
evaluation as a COPC. Two constituents (methylene chloride and vinyl chloride) were
identified as posing a threat to groundwater. Review of the analytical history indicates
that methylene chloride was frequently detected in many samples collected from the
200-CS-1 representative sites and it has been identified as a laboratory contaminant. The
single rcport of vinyl chloride was erroneously reported as a positive detection. On this
basis, thesc constituents wﬂl be omitted from further evaluation as COPCs.

¢ Three constituents (boron, selemum and silver) were identified as potentially posing a
threat to ecological receptors. Additional evaluation will be conducted to Clarify the
extent that these constituents pose a significant risk to ecological receptors.

2.15.3 Synthesis of the Nature and Extent of
Contamination

Figure 2-29 provides a summary of key features of the 216-5-10 Ditch site including the
locations 'of the four test pits {SP-1, -2, -3, and -4) and the single boring (B8817) from which
samples were obtained. A summary of the analytical results of the three COPCs from each
location also is provided.

2.15.4 Spatial and Data Aggregation Consideratioils

An 1nspect10n of Figure 2-29 reveals that the occurrence of the three COPCs is ‘sparse and,
generally, there is no evidence of waste-related contamination at the 216-8-10 Pond site.
Additional interpretation of Figure 2-29 using the rationale developed in previous sections and
summarized in Table 2-37 includes the followmg

» Boron concentrations measured in the soils do not, appear to be elevated based on
comparison to relevant literature information. Boron has been consistently omitted from
the analyms on this bas1s and wﬂl be omitted from further analysis.

s Selenium concentrations measured at the s1te do not appear o be related to waste
activities. This is evidenced by extensive and generally uniform distribution (looking
down the column) of non-detection reports. The maximum concentration (2.0 mg/kg)
exceeds the Hanford Site background screening value, but not significantly given the
range of these comparisons. Note that the six positive detections are all concentrations
that are less than the typical background selenium concentrations reported fromthe

" literature. On this basis, selenium will be omitted from further analysis.
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Silver concentrations measured at the site donot appear to be related to waste activities.
This is evidenced by extensive and generally uniform distribution (Jooking down the
column) of non-detection reports. There are two detections of note:

— Atthe 2.1 to 2.4 m (7 to 8 ft) interval of SP-1, there is a detection of 1.3 mg/kg.
— Atthe 2.7 to 3 m (9 to 10 ft) interval of SP-2, there is a.detection of 8 mg/kg.

These two detections, when compared to the other measurerments iliustrated in

Figure 2-29, are anomalous and not representative of the whole of the site. Additionally,
with the exception of the 8 mg/kg measurements at the 2.7 to 3 m (9 to 10 ft) interval of
SP-2, all measurements are less than the extended background range. Figure 2-30-
provides a summary of the silver measurements from the 0 to 4.6 m (0 to 15 fi) interval.
The key observations include the followmg

— The sole distant outlier (8 mg/kg at the 2.7 t¢c.3 m {9 to 10 ft] interval of SP-2) is
clearly anomealous in the right-hand portion of the scatter plot. The anomalous
maximum measurement is located at a depth of 2.7 to 3 m {9 to 10 ft). The overlying
concentration is 0.48 mg/kg; the underlying concentration is 0.22 mg/kg. At this
depth, and conﬂdenng that the anomalous measurement is enveloped by soils
containing silver concentrations that are indistinguishable from the Hanford Site
background {0.73 mglkg), it is highly unlikely that there Would be any s1gmﬁcant
ecological exposure to the 8.3 mg/kg concentraﬁon

—  Note that all other measurements and proxy values® are well below the upper end of
expected background concentration reported by Lindsay (1979, Chemical Equilibria
in Soilsy (5 mgfkg)

- The sumnary staftﬁtlcs, notably the mean and median, are well below the
ecological-screening vaiue of 2.0 mg/ks. The 95%UCL (2.8 mg/kg) is just above the
ecolo gica.-screemng value.

~  The percenuls distribution of the data is mfe‘zmatwe because it shows that the
1.3 mg/kg (2.1 to 2.4 m [7 to 8 ] interval of SP-1) is the 90 percentile vaiue This
means that 30 percent of the soils would be expected to be less than 1.3 mg/kg.
Based on this measure of distribution, it also is apparent that 95 percent of the soils
are probably less than 8.3 mg/kg. Though not shown, the 2.0 mgfkg .
ecological-screening value would be approximately the 93¢ percentile estimate, and
by inference, 95 percent of soils are likely to have sliver concentrations that are less
than the 2.0 mg/kg ecological-screening value. |

— Based on the rationale above, when reinforced by the overall lack of evidence of
waste-related contamination at the 216-3-10 Pond (see Figure 2-29), it is concluded
that the anomalous silver concentration reported at the 2.7 to 64 m (9 to 210 ft)

% A vaive of ¥ the detection limit is substituted for all non-detection reports (EPA/540/1-89/002),
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interval at SP-2 does not pose a significant threat to any receptors. Consequently,
silver will be ormtted from further consideration.

2.15.5 Summary of the Nature and Extent of
Contamination and Implications for the
Feasmllity Study

Overall it is evident that the use of maximum concentrations for screening has effectively
identified a subset of constituents as COPCs.. However, as indicated above, there is no
compelling evidence to suggest that the 216-5S-10 Pond site was significantly impacted by
waste-related activities.- As a result, it is concluded that there are no COPCs at the
216-S-10 Pond and further analysis is not necessary to support the FS.

2.16 SUMMARY GF RISK-BASED ISSUES FOR
THE FEASIBILITY STUDY

The previous sectlons have summarized the original RIBRA findings and in turn, have extended
and reﬁned the. analysm usmg convenmmal nsk analysxs techmques The extendcd analys1s was
screemng—level techmques' | ”]'?;ased on the extended analysm the nsk-based issues are .
summatized in Table 2-38 and are detailed as follows.

» Atthe 216-A-29 Ditch

Nitrite/nitrate (as N) has the potential to migrate through the vadose zone and affect
groundwater and result in concentrations exceeding Federal drinking water standards.

- This would occur in approximately 785 years. The groundwater is not currently used for
consumption, nor is it anticipated that it will be used. for consumphon in the future

Selenium and silver may pose some threat to ecological receptors, based on 95%UCL
concentrations that exceed industrial ecological-screenmg conccntraucns The elevated
concentrations are restncted to locahzed hot spots

Aroclor 1254 was reported at 9.4 mg/kgin a smgle sample from one. of the hot spot
locations. Based on the comparison of this concentration o the industrial .
ecological-screening concentration (650 mg/kg), there is a concern that wﬂdhfe exposed
‘to soils at this location may be at risk for adverse effects. .

» Atthe 216-B-63 Trench
There are no risk-based issues associated with the 216-B-63 Trench.
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e Atthe 216-5-10 Ditch

Three cOﬁsﬁtuéms (t@frﬂ chromium, sitver, and Aroclor 1254} may pose some threat to
ecological receptors due to slightly elevated soil concentrations. However the threat is
localized to the discrete location at SD-2.

e Atthe 216-5-10 Pond
There are no risk-based issues associated with the 216-S-10 Pond.
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Figure 2-1. Stratigraphic Column for the 200 Areas.
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Figure 2-2. Geologic Cross Section Through the 216-A-29 Ditch.
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Figure 2-3. Geologic Cross Section Through the 216-B-63 Trench.
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1 | Figure 2-5. Location of the 216-A-29 Freneh-Ditch Borehole and Test Pit Locations.
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Figure 2-6. Location of the 216-B-63 Trench Borehole and Test Pit Locations.
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Figure 2-7. Location of the 216-S-10 Ditch Borehole and Test Pit Locations.
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Figure 2-8. Contaminant Distribution Model for the 216-A-29 Ditch.
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Figure 2-9. Contaminant Distribution Model for the 216-B-63 Trench.
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Figure 2-10. Contaminant Distribution for the 216-S-10 Ditch.
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Figure 2-11. Contaminant Distribution for the 216-S-10 Pond.
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mm:hm data tables in the nmr?g
Vinyl chioride was undetected in u-nborm was-detected in at least ane
of the test pite at levels above the groundwater protection risk-based criteria.

the 2601-1-

£ i W,hmmmw-&u
%ﬁu‘gg&m Pondand Ditch was approximately 568,

’ WWWMWM—B&#ﬂ

—dmpodmn—m-depcnd eoverad approximately
24mj {smn%mmm e
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Figure 2—-.;12. Application of the Analogous Site Approach.
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Figure 2-13. Conceptual Tterative Evaluation and Refinement of Risk Assessment Information in
the Remedial Investigation/Feasibility Study. '

l R! investigation l Ri BRA
{ including Screenad Extended
Full Sultes of , Organics, Analysis Risk-Bassd FS |
k Organics, Inorgamcs and of R BRA - lssues
inorganics, and 4 Radionuclide COPCs
l Radionuclides COPCS
|
_J
\ Rl F8
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Figure 2-14. Conceptual Site Model for Risk Assessment.

Primary Primary Secondary : Potential Potential Potentiat Potential Receptors

Contaminant Release Contaminant Contaminant Exposure Exposure - -

Saurce Mechanism Source Fate and Media Routes Dndustnal I Unrestricted J
Transport e
Processes

External
trradiation

Shallow-Zone Sail
(0 -151t)

Surface Deposition
Dust Resuspension |>—>i Air —b[‘ Inhalation -h{ X ' X

Unplanned ingestion

Releases

p Ditches

J

Leaching
Goaling Surface
Water Liquid +e-  Ponds }—
& Steam Discharge - ,
Condensate Infiftration - (o'?f.e%}ﬁﬁﬂi \f:t’;)

Ingestion - - ]

External
lrradiation .

> Biotic Uptake

Trenchs * L Radioactive Decay

— - - -

A

l Groundwater l——b
Other

!

Chemicals

Inhalation - -

Home ~ Raised

Foodstulfs — Ingestion L g - X &

V 14Vdd £9-S00T-Td/H0d

Source Figures 4-1 and 4-2, DOE/RL-2004-17 Rev 0

X = potentially complete exposure pathway
- = incomplete exposure pathway

* ingestion of home-raised foodstulfs is a complete pathway only for radionuclides.
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Figure 2-15. Summary of Nature and Extent of Contamination for the 216-A-29 Ditch Representative Site.

216-A-29 Ditch

ug/kg uglkg ug/kg mg/kg |mghkg | mgkg | mg/kg | mglkg mglkg mglkg mghkg mghkg | moXkg | makg | ugkg | mghkg pCilg
0- 8400 J 1804 2104 58 344 28 7634 32 52 210 210 '0.89 42 0.778 418 258
65-75 | %®U 360U 360U 87 ‘NA, 013 B.f ‘NA 0.15 814 7.6 028U | Do6U) 352 | 03928 | ‘648 046
8.0-100.] 38U | 380U 380U 9.2 NA | oo3d | 8s ‘NA 84 60.1 6.2 049 | 0.08U| 148 | 04798 | 70 1244
11:6-12:6] 340 3400 340U 74 NA | 003U | 24 NA 0.04 2.25 28 023U | 0.08U 7.8 | 0398 | 62.8 028U
14.0.- 15 | 300 | 3400 22z | NA | poap NA 0.08 215 27 0350 | 00601 6. 0.3198 | 526 026) |
-0 | 370U | 380U | 380U 7 28 | 0153 | 73 0.572 6018y | 0282U 307 [v245u]poe7yf 152 | 03218 | 628 | 0.004U |
= ! 400U 38 NA 23 22 538 . 62 | 240 | 322 | 007 5,07
icate | 39U | 3500 30V 54 NA ;.‘3 380 Eﬁnﬂ 43 40.9 423 024U | 68 | 260 | 5.28 104 3.31
10.0-11.0] 350 | 3500 350U 24 NA_ | 003U | 32 0.02U 141 13.8 0220 | 006U, 266 | 0.306B | 701 0.024L
- [ 63U | WA 240 K NA | [ .3 NA | 00087 B 13 73 0210 | 010 185 | 245 ‘0‘%’
430-140] 36U | 3600 | 360U 4 NA | 003U B NA G020 i 11T 06U 75 e e
15.0-16.0 34U | 340U 340U 22 NA | 003U 1 NA 002U | 02920 18U | 022U [ 006U 13U | ;3528 | 368 U

§

Es
—

SEEEE
S3zzsn 8|

21 53 1.1 1 44 26.90 2570 | 03851 3 26100
| _NA 34 T ] NA | o2l 1.74 2 008U! 3430
NA 0.28 4 ‘NA 01ld | 0288U 1.80 037U [ 008U} 30.10
NA | 058 5 NA 0.05J 0.87 .00 0.38U | 0.08U| 3870
\ A B7 | 126 | O7s 0 .32 470 | 283 | 0291 a0 |
. NA 014 28 NA 0.02J 330 a8 B30 [ 0.070] 134.00 |
" NA | 006 | 24 NA GOIUUR| 041 0B85 | 037U U] 1650 |
i e e NA | D05 | 28 NA.__| U 0.30 0310 | 0070, 520 |
. S F NA | 004U | 36 WA | [ 1 U 4620 |
i NA 005 | a2 WA |002U0UR| 349 | 340 0340 | 0070 11.80 |
\‘\A 1 }NI}A_ 001 | 22 g 0020 | 02620 020 S
Other Monitoring Well % L] _m_' 70
\ NA 2860 |
© RCRA Monitoring Well i L RLLL
Borshole
X TestPit
LEGEND
E = Estimated value. ’
J = Estimated result, result used at face value for computing.
B =:Constituent found in blank. Result not used in computing unléss noted.
u = Not detected, result reported is the detection limit. For computing, a proxy value
of Yadetection limit {or 2MDA} was used. Split samples did not always correlate ; ol
well and must be interpreted with caution. kg | mghg
NA = Constituent not analyzed in‘the interval. 0 256D c :
Duplicate = Result is a duplicate of the preceding ( the row above) result. For = R U 360 U 360U 26 1508 | 020U NA 440 B
" computing, duplicates are averaged. ) ) el 73dup~ | 35U 350 U 350.U g 2008 | 020U NA 460 B
Split = Resuilt is a split from a second laboratory the preceding { the row above) result. = 103 | 350 | 350U | 350U 5 4408 | 012 NA 08
For computing, splits are averaged.
*Molybdenum result in B8826 split is apparent anomaly.
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Figure 2-16. Example Interpretation for Arsenic at the 216-A-29 Ditch.
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Figure 2-17. SESOIL Model Configuration for 216-A-29 Ditch.

5m
(~16.4 ft)
4
82m
(270 ft)
Burbank Soil (SESOIL database
Bulk density (g/cm’) 1.569
Permeability (cm’) 1X10° (permeable basalt, EPA 1985
77m Disconnectedness index 39
(250 ) Effective porosity 0.28
Organic carbon content (%) 0.1 (default from CLARC, 2003)
+
Im
(10 ft)
+

Dimensions and depths will be adjusted for
other representative sites, as necessary.

2-114




clri-¢

Figure 2-18. SESOIL Processes.

- SESOIL Hydrologic Cycle SESOIL Pollutant Fate Cycle

o]

Source Bonazountas
(et al., 1997)

Where:
Pollutant Depth Computes As
D = Pollutant depth (cm) fa = n -0 = the air-filled porosity (mL/mL)
J .t Jw = water velocity (cm/s) n = soil (total) porosity (mL/mL)
D= fH t. = advection time (s) H = Henry's law constant (m*atm/mol)
0+p,*Kd + ——— 0= soil water content (cm’/cm’) R = gas constant [8.2*10-5 m’atm/(mol °K)]
R((T +273) pv = soil bulk density (g/cm3). T = soil temperature (°C)

Kd = pollutant partitioning coefficient
(ng/g soil)/( pg/mL)

V LAVYd £9-5002-"Td/40d
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Figure 2-19. 216-A-29 Ditch, Estimated Impacts of Arsenic in Vadose Zone Soils on

Groundwater.
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Bold = Depth from Surface
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Figure 2-20. 216-A-29 Ditch, Estimated Impacts of Cadmium in Vadose Zone Soils on
Groundwater.

-+ -+
5m
(~ 164 f)
4
82m
@70 f)
Burbank Soil (SESOIL database unless noted)
Bulk density (g/cm’ ) 1.569
Intrinsic permeability (cm®) |1 x 10° (permeable silty sand, EPA 1985
7Tm Disconnectedness index 39
ok Effective porosity 0.28
Organic carbon content (%) 0.1 (default from Ecology 2003)
4
5m
(16.4 ft)
+ Ecology 2003, Cleanup Levels and Risk Calculations (CLARC) Database,

https://fortress.wa gov/ecy/clarc/CLARCHome.aspx .

Dimensions and depths will be adjusted for other representative

Additional model detail found in Appendix F. sites, as necessary.
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Figure 2-21. 216-A-29 Ditch, Estimated Impacts of Silver in Vadose Zone Soils on

DOE/RL-2005-63 DRAFT A

Groundwater.
!
040 . Trend line of soil moisture ‘
| . . concentrations fitto actual .«
N ‘' concentrations SESOIL = | ¢
| computed. - i J
0.30 - |
; |
0.25 - |
020 i T T T T T T T T T T
17 20 24 29 34 38 43 48 52 57 62
50 100 200 300 400 500 600 700 800 900 1000

Bold = Depth from Surface

Italic = Year
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Figure 2-22. 216-A-29 Ditch, Estimated Impacts of Nitrate, Nitrate/Nitrite and Sulfate in
Vadose Zone Soils on Groundwater.

1000;
Fioee 1

] _ : | — Nitrate/Nitrite ‘

T : — Nitrate l
—— Sulfate ;

mg/L

' Constituents Reach GW ™

. Groﬁndwater

| 42;—-:;.—-_—_—,_.——80" Moisture Concentrations——————— | - :
el : s | Concentrations
1 - 1 T 1 ! T T i T T ; T T T
3 47 79 110 143 173 207 237 268 270 270 270 270

Bold = Depth from Surface
50 100 200 300 400 500 600 700 800 807 850 900 1000

Italic = Year

N

Maximum Groundwater
; Groundwater | Concentration p
Constituent . Basis
Concentration Benchmark
mg/L mg/L
Nitrate/Nitrite 14 10 Federal DW Standard
Nitrate 8 10 State GW Limit
Sulfate 87 250 State GW Limit
Concentration benchmarks are not necessarily applicable, relevant and/or appropriate.
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Figure 2-23. Intruder Scenario Conceptual Site Model and Garden.

Potential Receptor

Secondary Potential Potential Potential
Contamina Contaminant Exposure Exposure
nt Fate and Media Routes Well Drfller ] Intruder ]
Source Transport
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e | |
- Iadiaion | e X
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X = potentially complete

A
O e T e - exposure pathway
I W S Source exposure media is a
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unaffected surface soils and - = incomplete exposure
cmssﬂ’—:;.:g:)ﬂonﬁ’ e f/ drill cuttings from boring pathway

installed in a contaminated
portion of the site. The ratio
of unaffected surface soils to
contaminated cuttings is 21.5

V 14Vdd £€9-500¢-"T/40d
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Figure 2-24. Summary of Nature and Extent of Contamination
for the 216-B-63 Trench Representative Site.

21 6--3 Trench

l 70-80 | 250 0.22 04U 5286 52.4 624 sU 0.38

ey ™ 95-105] NA | 004U | 038U 57.7 45.8 48.8 6U 0.44
Duplicate | NA 0.06 0.39 U 58.7 62.8 856 6U 0.89

Split NA | 028U | 0248 59:4 7.5 273 (073U 0.58

: 12.0-13.0] NA 0.18 0.35U 741 7.0 76 ] 0.64

® RCRA Ground Water 145-155] NA 0.04 034U 67:3 6.0 6.6 50 1,68

Monitoring Well j 17.0-180| NA | 0.04U | 039U 642 B 85 6U 3.21

© Borehole

6.0 7.0 0.95 02 042U 81.6 6.19 Yo 6U 24
85-9.5 NA 0.04 U 037 U 46.7 2.12 24 5U 0.26
) 11:0-12.0 NA 0:.04 U 036U 354 2.84 35 suU -0.022 U
' 13.5-145] NA 0:.04 U 036U 4041 2.87 35 6y -0.147 U
16.0-17.0| NA 0.04 037U 312 2.55 33 5U -0.013 U
20.0-21.0| NA 0.08 038U 39.8 3.14 33 6U -0.008'U
240-250| NA 0.03U 027U 283 0.384 0.51 5U -0.072 U

mghkg | mghkg | mglkg mghkg |mghkg | mgkg | ugkg pCilg
150152 | 2.8B 340UN| .320B 28.1 205U | 509U J 5U 0.0145 U
: | 174479 | 498 350 UN| .420B IRT 2060 | 52004 5U g.011 U
BT-2 and BT-2A are essentially:co lacated S o 2515-254| 3B 360 UN| .240U 229 0.255 | 538U J 5U 0.00334 U

Borehole £33-333 is.also referred to as Borehole BB078 ( 1998 data).

N
LEGEND . - — — . — e -
. - - . - _ mghkg | mghkg | mgkg | mghkg |mghkg| mgkg | ughg pCilg
E = Estimated value. : 010 - 2 0.:04 U - : %
J = Estimated result, result used at face value for computing. 10.0. _;]2'0 :“_2\ OOO:E{;J 003-.21U gzg 223 22-2 &O g 3 ;1%
B = Constituent found in blank. Result not used in computing unless noted. 2 - : — . - 5
u = Not detected, result reported is the detection limit. For computing, a proxy value 15.0-17.0 NA 0.131 0384 U 544 1.09 1.36 sUu 2.74
of % detection limit {or .MDA) was used. Split samples did not always correlate Duplicate | NA | 0116 | 0:3560U 592 0.86 1.32 BU 2.02
i ggll a‘?td m‘lils\t }_:e- :;;tfrprg!.od t-':vlth* ;:autf;m. 17.5-19.0 NA 0.108 0.320 U 51.1 1.20 1.81 6U 1.83
= Constituent not analyzed in the interval. Soli : 37 U : 3 ' :
Duplicate = Resultis a duplicate of the preceding ( the row above) result. For xspm SR 2'42_ L R Lt 229 21 L2
coumiuiting, duplisalis nocavicsgel 185-215 | NA | 0072 | 03580 50 182 | 255 | 6U 135
Split = Result is a split from'a second laboratory the preceding ( the row above) result. 230-250 | NA 0.087 | D.368U 41 1.67 1.78 6u 003U
For computing, splits are averaged. 28.0-30.0 | NA 0.103 0.358 U 347 1.59 1.95 B8U -0.128U
53.0--.55.0 NA 0.137 0.33_3' U 30:9 0.289 U 0:28 6U 001U
101.0-103.00 NA 0.131 0.363 U 323 0.291 U| 0.367 6U -0.031U
FG9332
1/18/05
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Figure 2-25. 216-B-63 Trench, Estimated Impacts of Nitrate and Nitrate/Nitrite in Vadose
Zone Soils on Groundwater.

1000 - - —
e Nitrate/Nitrite |
. —— Nitrate |
' i
—— Sulfate |
100 -
S— 3 :
o _ @ :
£ it e
0L s
3 Tﬂend:ﬁneé ofséil'moisture SRS : 3 :
concentrations fit to actual Constituents Reach GW
- concentrations SESOIL AR S
compufed. = _
: e : : Groundwater
-_1—:-—-'Soll Mmsture C.oncentratlons $ . oncentrations
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Bold = Depth from Surface
50 100 200 300 400 500 600 700 785 800 850 900 1000
Italic = Year
Maximum Groundwater
c sitant Groundwater | Concentration Basi
o i Concentration Benchmark e
mg/L mg/L
Nitrate/Nitrite 14 10 Federal DW Standard
Nitrate 8 10 State GW Limit
Sulfate 87 250 State GW Limit
Concentration benchmarks are not necessarily applicable, relevant and/or appropriate.
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Figure 2-26. Display of Strontium-90 Concentrations in the 0- to 15-Foot Interval.
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Figure 2-27. Summary of Nature and Extent of Contamination
for the 216-S-10 Ditch Representative Site.

| 216-S-10 Ditch

mghg | mgkg | mofkg| mokg |mghg | mokg | mky |mafkg| mokg | mokg ughg| uoky | uhg | woho | whg | who | uwhg | pCig | pClg | Ol
80:70 |20 | 158 | 52 | %64 | 13 | 01 |038U joaselos8B| & [412(%5U| 30U | 30U | oU | %ou | WU | 30U 016 [}
: 85-05 | 55 | WA [ 045 106 | 155 | 003U 040U Joi50] WA | 864 [546(35U[ 360U | 350U | 30U | BOU | 360U [ 30U | 047V oy
szt 49 | NA [ o1 [ 108 | 1 |0oau| osd Joou| WA | g7 [s4s{3sul 3soU [ 3sou | asou | a0 | 30U | 300 | oparl bu
St | 38 | NA | 04| B4 | J54 | GOIA | 0228 [D6SU| NA | B27 |537/730| WA A NA NA NA M | 004U 0u_
190-120] 31 | NA | 009 | 73 | 141 [G01U| 038U 044U NA | 865 |624| AU | BU | 30U | WOU | w00 | M0U | WU | 047U 020
? 207-8 fas-1450 30 [ NA | WA | 113 120 00pU[038U (044Ul NA | 753 [5t4[35U] 3500 [ 350U | 3500 | 30U [ 3600 | 350U | 007y : 002U, |
“i ; ; 1 160-170] 25 | Na | WA | 75 | 421 |ootu|osU joas0] NA | 52 |484|%40| M0U | 40U | ou | 30U | 30U | 340U | opdTU [ozisu|  0U
!
| 200WEST| | |
a : _
B 00-15 ] 25 | 208|458 | 615 | 244 | 430 | 040U | 304 | 0908 | 693 [506|3700 5500 | 600J | 530 | 4500 | 0 | B8O) | M N | om
45-30 | 38 | NA | NA | 287 | 664 | 0% | 0340 [ 284 NA | 804 |121]1100] 360U | 360U | 360U | 20U | 300 | 30U | 079 NA 005

i

S-10-Pond |

)

$-10-Ditch

W26-13(B8817)
216547 e mgkg | mghg | mky| mohg. | ngks | molg | m moky | mohy Imohgj k| why | whg | why | why | why | iy | p0ig oGl
20020 52 | BU [ 3BU| 83 | 152 |0016U] 0 | NA | 783 (552|350 | 380U | 350U | 350U | 30U | 30U | 350U | 00U | 186U | -H05U
®  Shallow (0-3 FT) Test Pit BN Do | 45 | 35U | 30| 87 | 138 [o0f50 U WA | 786 [512] 35U | 3500 | 30U | 30U | U | 30 | 30U [ 0@V | 383 | 005U
: Zm-zm| 3 | U .U BY | 118 | 001 [028¢) NA | M 4541 WMU| MOU | MOU | MOU | MOU | JOU | MOU | 001U | 202U HODGBSU
Other GW Monitoring Well Bl Sk [STU|SU 0] ® 468 | 04U 1 NA | %1 [S08]STU[ WA | WA | NA | NA | WA | WNA | 0020 | 3840 |Dpal
-~ . R S0-20 | 65 | FU [ 370 | 11 | 169 | 006 [0 U WA | 705 | 6 [37U| 370U | 30U | 300 | 300 | 300 | 300 | 00 | 190 [0900 |
. RCRA GW Monitoring Well 40000-10000) 64 | %U | 35U | 85 | #0020 NA | 344 [423]350| 3600 | 350U [ 350U | 30U | 30U [ 30U | 00850 | 101U | 08U
o /AB09-3277 - . R— 50013700 87 | 38U | 38U | 235 | 185 | 002U |04 NA | 405 [sas|asu| 300 | 300 | 3sou | ou | 3y | 360u [ ooesu | osel | ou
{21610 (© Borehole/ RCRA Groundwater || [#&m-10 38 | 38U [ 380 | 29 [ 194 [002U] 04 NA | 874 | 51[38U| 30U | 30U | 30U | 30U | 30U | 30U | 0420 | 273 | 002U
g™ Pond Monitoring Well 0@ 22 | 38U %U] 185 | 20 | 00U NA | 120 |76 3U| 30U | 380U [ 30U | 30U | 30U | 380U [ 00640 | {070 | 005U
: : 02000 23 | %U | %U| 12 | 165 [0020 NA | 131 [699] %U| 360U | 30U | B0U | 60U | 30U | 60U | GO | 457 | 008U
LEGEND 20002000 1| %U | %U| 9% | 198 [0020 NA | 407 [468|%U | 30U | 30U | 300 | 30U | %0U | 3600 | NA M| W

— — _— Fg?g%g
E = Estimated value. e B y

J = Estimated result, result used at face value for compuiting.

B = Constituent found in blank. Result not used in computing uniess noted.

u = Not detected, result reported is the detection limit. Fer computing, a proxy value

of ¥ detection limit {(or 2MDA) was used. Split samples did not always correlate
well and must be interpreted with caution. ;

NA = Constituent not analyzed in the interval.

Duplicate = Result is a duplicate of the preceding ( the row above) result. For
computing, duplicates are averaged.

Split = Result is a split from a second laboratory the preceding ( the row above) result.
For computing, splits are averaged.
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Figure 2-28. 216-S-10 Ditch, Estimated Impacts of Silver in Vadose Zone Soils on

Groundwater.
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Figure 2-29. Summary of Nature and Extent of Contamination for the 216-S-10 Pond Representative Site.
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= Estimated value, )

= Estimated result, result used at face value for computing. o

= Constituent found in blarik. Result not-used in computing unless noted.

= Not detected, result reported is the detection limit. For computing, a proxy value
of % detection limit (or 2MDA) was used. Split samples did not always correlate
well and must be interpreted with caution.

NA = Constituent not analyzed in the interval.

Duplicate = Result is a duplicate of the preceding ( the row above) resuit. For

computing, duplicates are averaged.
Split = Result is a split from a second laboratory the preceding ( the row above) resuit.
For computing, splits are averaged.
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Figure 2-30. 216-5-10 Pond Distribution of Silver in Soils 0 to 15 Feet.
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Table 2-1. Lithofacies of the Cold Creek Unit..

Lithofacies

Environment of
Deposition

—

Previous Site Nomenclature

brown- to veliow very well sorted cohesive,
compact, and massive- to laminated- and

- stratified-fine-grained sand and silt. It is moderately
to strongly calcareous with relatively high natural
background gamma activity.

| Fine-grained, laminated to massive. Consists of a- W Fluvial-overbank and eolian

Palouse soil, early “Palouse”
soil, Hanford formation/
Plio-Pleistocene unit silt.

[ Fine- to coarse-grained, calcium carbonate
cemented. Consists of basaltic to quartzite gravels,
sands, silts, and clay that are cemented with one or
more layers of secondary, pedogenic calcium
carbonate,

| Calcic paleosol

Highly weathered subunit of
the Plio-Pleigtocene unit/
caliche, calcrete.

Coarse-grained, nultilithic. Consists of rounded, Mainstream alluvium Distantly derived subunit of 1
quartzose to gneissic clast-supported pebbie- to : the Plio-Pleistocene unit/
cobble-size gravel with a quartzo-feldspathic sand pre-Missoula flood gravel.
matrix.
Coarse-grained, angular, basaltic. Consists of Colluvium New facies designation for the
angular, clast- fo matrix-supported basaltic gravel in Pasco Basin.
a poorly sorted mixture of sand and silt with no '
stratification. Calcic paleosols may be present.
Coarse-grained, round basaltic lithofacies. Sidestream afluvium Lecally derived subumit of the
Plio-Pleistocene unit.
NOTE: Based on DOE/RIL-2002-39, Standardized Stratigraphic Nom

the Central Pasco Basin.
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Table 2-2. Representative Site and Analogous Waste Site

DOE/RL-2005-63 DRAFT A

1 Contaminant Inventory*
. Waste Site Configuration, . . . . . Total Total Am-241 Cs-137 Sr-96 (Ci Eifluent Seil Pore .
Waste Site Construction, and Purpose Current Waste Site Vegetation Site and Diseharge History Uranium Plutonium | -~ (Ci) - (i) 1 (€ Volume (1) | Volume (m®) Rationale
(Ci) (Ci)
Representative Site _

216-S-10 Pond The pond is located outside the - The 216-S-10 Pond consists of four 6.70x10% | 8.17x10° | 1.87x10” 102 | <867x10" | 2,110,000 [ 195831.8m° | The 216-S-10Pond is a
200 West Area perimeter fence, leaching ponds dug off the southwest 1.99x10*(kg) | 1.00x10-1 | 1.52x102 1.24 1.07 32,642 6,993,994 (ft’) | backfilled pond
southwest of the 202-S Building. end of the 216-S-10 Ditch. By ® ; characterized by high
The pond was approximately May 19354, the area became swamped infiltration (i.e., during
3 acres with four earthen finger again and additional capacity was operations) and a
trenches. The site received waste | added. The pond received one substantially thick
from the REDOX between documented discharge of dangerous vadose zone (61 m
February 1954 and October 1984. waste, 'This discharge consisted of [200 ft] to GW). Based
Until 1963, the site received the simulated double-shell tank slurry, on the very low levels of
chemical sewer waste from the which exhibited dangerous waste contamination, the pond
202-S Building and overflow from characteristics of ignitability, does not appear to be a
the high water tower via the corrosively, characteristic waste, and current source of
216-5-10 Ditch. From 1960s, the toxic state-only waste. Approximately groundwate_r
site received the bearing cooling 450 kg (1,000 Ib) was discharged. contamination.

| water from the 202-S Building. NOTE: The 216-5-11 Pond was
The site was stabilized in credited with all the liquid effluent
October 1984. inventory for the 216-S-10 Pond and
Ditch system for many years.
Analogous Waste Sites to be Evalnated by the 216-5S-10 Pond _

216-S-11 Pond This unit is southwest of the - The site operated from May 1954 to 2.08x10 (kg) | 3.10x10! - 8.2x107 | 8.14x10" 12230,000m® | 109,265m® | The216-S-11Pondisa
202-S Building and just east of the August 1965. After that date, the () backfilled pond
216-5-10 Ponds. This site 216-8-10 Ditch water level was not high characterized by high

provided an additional leaching
surface for the disposal of water
from the 216-S-10 Ditch. The site
consisted of two connecting pond
lIobes. The south lobe was
backfilled in 1975, but there is no
documentation of when the north
lobe was hackfilled,

enough to overflow into the 216-5-11
Pond. The south pond 0f216-8-11 was
covered m the summer of 1975 and was
free from radioactive contamination.
The site as a whole was interim
stabilized on September 30, 1983,

infiliration (i.e., during
operations) and a
substantially thick
vadose zone (61 m

[200 £ to GW), Based
on the very low levels of
contamination, the pond
does not appear to be a
current source of
groundwater
contamination.

*Reference: DOE/RL-96-81, Waste Site Grouping for 200 Arcas Soil Investigations, uniess otherwise noted.

GwW = grouﬁc[water.
REDOX = Reduction-Oxidation Plant.
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Table 2-3. Summary of Contaminants of Potential Concern Exceeding Screening Levels for the
Baseline Risk Assessment Human Health Risk Assessment.

—— 216-S-10 Ditch 216-S-10 Pond 216-B-63 Trench 216-A-29 Ditch
onstituen

Name Direct | Protection | Direct |[Protection| Direct | Protection | Direct [Protection

[Exposure’| of GW |Exposure| of GW |Exposure| of GW |Exposure| of GW

Arsenic - X - - “ - - x
Bismuth X x® - - ¥ X i x
Cadmium -- - == -- - X - X
Mercury - X - - - - o x
Silver - X - - - - - X
Uranium - - - - - o e X
Nitrate as N -- - - o e X i X
Nitrate and - - -- - -- X - X
nitrate/nitrite as N|

Sulfate - - - - - s B X
Methylene - - - b 4 & 2 i X
chloride

Vinyl chloride - - - X - - - o
Benzene -- - - - o X e s
Benzo(a) e X - - = o s X
anthracene

Benzo(a)pyrene - X - - - - - ok
Benzo(b) - X - - - w— . ik
fluoranthene

Benzo(k) - X - - - - s -
fluoranthene

Chrysene - X - - I e - X
Tributyl - - it . - _ X X
phosphate

1,2- - - - s - P o X
dichloroethane

Aroclor 1254 - X - - - - . X

®Assumes industrial land use in accordance with WAC 173-340-745, “Soil Cleanup Standards for Industrial Properties.”

PScientific rationale presented in the remedial investigation established that these constituents do not pose a significant threat and
they were omitted from further consideration as contaminants of potential concern. The constituent is included in this table because
appropriate screening information is not available (see text).

GW = groundwater.
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Table 2-4. Summary of Contaminants of Potential Concern and Potential Threat to
Groundwater.

K, (L/kg) Potential Threat to Groundwater®

Benzo(a)anthracene 357 No
Benzo(a)pyrene 969 No
Benzo(b)fluoranthene 1230 No
Benzo(k)fluoranthene 1230 No
Benzo(g,h,i)perylene 1586° No
Chrysene 398 No

Aroclor 1254 309 e No

*Based on the K4 < 40 mobile; Ky immobile determination for the vadose zone and groundwater (see text).
YK 4 not provided. Conservatively assume to be highly mobile in the vadose zone and groundwater.
K oc =1.58E+6 (Mackay et al. 2000), assumes foc = 0.1% (Ecology 2003).

Ecology, 2003, Cleanup Levels and Risk Calculations (CLARC) Database,

https://fortress.wa.gov/ecy/clarc/ CLARCHome.aspx .
Mackay, D., W. Y. Shiu, and K. C. Ma, 2000, Physical-Chemical Properties and Environmental Fate Handbook.

foc = fractional organic carbon.

K4 = distribution coefficient.
K.= soil organic carbon-water partition coefficient.
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Table 2-5. Summary of RESRAD Dose, Risk, and Groundwater Protection Modeling Results from Baseline Risk

Assessment.
Scenario 216-S-10 Ditch 216-S8-10 Pond 216-B-63 Trench 216-A-29 Ditch
Industrial-Cover " 5.3E-5 2.4E-4 0.01 mrem ”
Maximum | Industrial-No Cover 0.4 3.6 0.5 .
Dose Unrestricted-Cover $ 0.5 0.8 “
(mrem/yr) | Unrestricted-No Cover 45
Industrial-Cover = 1E-9 5E-9 3E-7
Maximum Industrial-No Cover 4E-6 2E-5 7E-6 1E-4
Risk Unrestricted-Cover . 8E-6 1E-5
(ELACR) | Unrestricted-No Cover 5E-5
Groundwater 0.015 mrem/y 0.005 mrem/yr
Impacts - Notreskiheough |- No tooskiiwotgh | - rpsit or 708) (tritium yr 103)

NOTE: The unrestricted-use scenario is provided only for information, not for consideration in the feasibility study process.

“Analysis not provided in remedial investigation.

PA shaded cell indicates the dose exceeds 15 mrem/y or risk exceeds 1E-4. The year in (parentheses) is the year from the present when the

exceedance occurs. When a second dose or risk is shown in a cell, it illustrates the approximate time that the exceedance disappears and the value at

that time. If a second dose or risk value is not shown in a shaded cell, it means that the exceedance does not disappear within the 1,000-year
modeling framework.

ANL, 2002, RESRAD for Windows.

ELACR

= excess lifetime added cancer risk.

RESRAD = RESidual RADioactivity (dose model) (ANL 2002).
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Table 2-6. Baseline Risk Assessment Hazard Quotients for Contaminants of
Ecological Concern for which Industrial Land-Use Screening Levels Are Available.

constient | PR | PR | T | Diten

Arsenic - -- -- 1.7
Boron 3.0 2.0 12 6.8
Cadmium ~- - -- 2.0
Total chromium 12 -- - -
Copper 1.1 -- - -
Lead -- - -- 33
Molybdenum -- -- -- 14
Selenium 1.5 1.5 25 8.3
Silver 15 42 -- 21
Thallium 1.0 - -- -
Uranium - - _ - 1:
Vanadium 44 -- 43 52
Zinc 14 - - -
Aroclor 1254 5.7 -- - 14
Radioactive - - 1.5 -
strontium
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Table 2-7. Summary of Screening Values from Remedial Investigation. (2 Pages)

Industrial Industrial
Constituent I;::fk;:ﬁﬁt; é)irect G;::::;::;er Ecological
ontact Screening |
Inorganics in mg/kg

Arsenic 87.5 0.0304 7
Barium 24,500 923 102
Beryllium 1.51 7,000 63.2 35
Bismuth =2 - - -
Boron 315,000 112 0.5
Cadmium 3,500 0.69 14
Chromium (total) 185 5,250,000 2,000 67
Hexavalent chromium - 10,500 ‘ i
Copper 22 130,000 217
Lead 10.2 1,000 118
Manganese 49,000 1,500
Mercury 033 1,050 33
Molybdenum - 17,500 ¥
Nickel 19.1 70,000 980
Selenium - 17,500 0.3
Silver 17,500 2
Thallium 245 1
Uranium 10,500 5
Vanadium 24,500 2
Zinc 67.8 1,050,000 360
Ammonia as NH; 9.23 - =
Chloride 100 - =t
Cyanide - 70,000 i
Fluoride 2.81 e e
Nitrate as N 12 350,000 A
Nitrate as N - 350,000 e
Nitrate/nitrite as N e 350,000 G
Phosphate 0.785 - =
Sulfate 237 e 1,000
Sulfide - iz
2-butannone - 2.10E+9 ol
1,2-dicloroethane -- 1.40E+6 o
Acetone e 3.15E+9 e
Acenaphthene w 2.10E+8 d
Anthracene - 1.50E+9 =
Benzene - 2.39E+6 =
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Table 2-7. Summary of Screening Values from Remedial Investigation. (2 Pages)

Industrial Industrial
Constituent HB:::fk‘;;:f;tde Direct G;i:;‘:g:;er Ecological
Contact Screening |
Inorganics in mg/kg
Benzo(a)anthracene - 1.80E+4 e
Benzo(a)pyrene - 1.80E+4 1.20E+4
Benzo(b)fluoranthene = 1.80E+4 .
Benzo(ghi)perylene he 1.04E+4 =
Benzo(k)fluoranthene - 1.80E+4 -
Bis(2-ehylhexyl)phthalate o 9.38E+6 2=
Butylbenzylphthalate 5 7.00E+8 -
Carbazole - 6.56E+6 -
Chrysene o 1.80E+4 -
Di-n-butylphthalate s 3.50E+8 s
Dibenz[a,h]anthracene - 1.80E+4 -
Diethylphthalate wi 2.89E+9 -
Flouranthene - 1.40E+8 e
Fluorene = 1.40E+8 i
Methylene chloride -- 1.75E+7 -
Phenanthrene - 1.05E+9 -
Pyrene - 1.05E+8
Aroclor 1254 -~ 7.00E+4 9.89E+2
Diesel range TPH fd
Kerosene range TPH = i
Tetrachloroethynene 4 2.60E+6 as
Tributyl phosphate ™~ - o
Toluene - 7.00E+5 ¥
Vinyl chloride “ 8.75E+4 s
Xylene - 7.00E+5 e
Radionuclides in pCi/g

Cs-137 = - 21.7
Pu-239/240 o= = 6100
Ra-226 = e 43.1 .
Radioactive strontium (as - - 14.1
Sr-90)
Th-238 o= - 405*
Th-230 - - 405*

*Assumes Th-232.

-- means no value available.

Shaded is the controlling value.

TPH = total petroleum hydrocarbon.
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Table 2-8. Summary of Contaminants of Potential Concern Exceeding Screening Levels

for the Remedial Investigation Baseline Risk Assessment. (2 Pages)

216-5-10 Ditch 216-S-10 Pond 216-B-63 Trench 216-A-29 Ditch
Constituent Direct |Protection] ECO | Direct |Protection] ECO | Direct |Protection] ECO | Direct [Protection| ECO
xposure’| of GW Exposure| of GW Exposure| of GW xposure of GW

Arsenic -- X - = o= = = s o = X X
Bismuth ) 5 b, of - - - s = x® - x* x® -
Boron - - X - - X - - X - - X
ICadmium - - - - - - - X - - X X
Copper - -- X - - e - - =5 - - -
Chromium (total) - < X - ~ — — N - - _ e
Lead - - - = & s = e = s - X
Mercury -- X - - - - — - i - X e
Molybdenum - - - = - == = = s s - X
Selenium - - X - - X - - X - -- X
Silver - X X - - X - - - - X X
Thallium ok & X o - e - - - - — -
Uranium - - - - - = 2 2 % - 3.4 X
Vanadium = e X - - - s - x - - ¢
Zinc S . X - = - & = = 5 e --
Nitrate as N — -- = s = = - X = . X -
Nitrate and - - . - = = s x - - X =
nitrate/nitrite as N

Sulfate - - - -- - -- - - - - X -
[Methylene chloride - - - -- X - - - - - X -
Vinyl chloride 2 == s = x pe s . — = =2 -
Benzene - - - - aror = = X = b s -
Benzo(a)anthracene - X — - -- - - - - — X -
Benzo(a)pyrene - X - - - - - - - - - -
Benzo(b)fluoranthene - X - - = - - - - — = ==
Benzo(k)fluoranthene - X - -- = = = e e - - -
Chrysene - X - - -- - - - - - X -
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Table 2-8. Summary of Contaminants of Potential Concern Exceeding Screening Levels
for the Remedial Investigation Baseline Risk Assessment. (2 Pages)

216-S-10 Ditch 216-S-10 Pond 216-B-63 Trench 216-A-29 Ditch
Constituent Direct |Protection] ECO | Direct |Protection ECO | Direct |Protection)| ECO | Direct |Protection] ECO
[Exposure| of GW Exposure| of GW Exposure| of GW [Exposurel of GW
Tributyl phosphate - o - s - - - - - X® x° o
1,2-dichloroethane -- - - - - - - - -- - X --
Aroclor 1254 - X - -- -- -- -- -- -- - X X
Cs-137 - - - - - -- - - - - - -
Pu-239/240 o -- - - - - - - - X* - =
[Ra-226 -- -- - - - -- - - - - - -
Sr-90 - - - - - -- - - - -- - -
Th-228 - % e % 5 = e = - - = -
Th-230 - - o » " - = = - - - e

*Assumes industrial land use in accordance with WAC 173-340-745, “Soil Cleanup Standards for Industrial Properties.”

®Scientific rationale presented in the remedial investigation established that this constituent does not pose a significant threat and it was omitted from further
consideration as a contaminant of potential concern. The constituent is included in this table because appropriate screening information is not available (see text).

Pu-239/240 RESRAD modeling produced dose estimates exceeding 15 mrem/yr for the industrial-use, no-cover scenario.

ANL, 2002, RESRAD for Windows.

95%UCL =

ECO = ecological.
GW = groundwater.
RESRAD =

95th upper confidence level.

RESidual RADioactivity (dose model) (ANL 2002).
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Table 2-9. Summary of Screening Values. (2 Pages)

Industrial
Constituent Background | Direct Contact | Frotection | EcOIOBica
Screening
aorganics in mg/kg

Arsenic 87.5 0.0304 7
Barium 24,500 923 102
Beryllium 1.51 7,000 63.2 35
Bismuth = - - -
Boron 315,000 11.2 0.5
Cadmium 3,500 0.69 14
Chromium (total) 18.5 5,250,000 2,000 67
Hexavalent chromium - 10,500 : =
Copper 130,000 262 217
Lead 1,000 3,000 118
Manganese 49,000 50 1,500
Mercury 1,050 55
Molybdenum 17,500 . 7
Nickel 70,000 980
Selenium 17,500 03
Silver 17,500 2
Thallium 245 1
Uranium 10,500 5
Vanadium 24,500 2
Zinc 1,050,000 360
Ammonia as NH; -- .
Chloride -- =
Cyanide - 70,000 =
Fluoride 2.81 o =
Nitrate as N 12 350,000 i
Nitrate as N - 350,000 il
Nitrate/nitrite as N - 350,000 B
Phosphate 0.785 - e =
Sulfate 237 - - 1,000
Sulfide -- = i
2-butannone - 2.10E+9 s
1,2-dicloroethane = 1.40E+6 s
Acetone - 3.15E+9 o
Acenaphthene == 2.10E+8 g
Anthracene e 1.50E+9 E%
Benzene - 2.39E+6 i
Benzo(a)anthracene -- 1.80E+4 -
Benzo(a)pyrene '- 1.80E+4 1.20E+4
Benzo(b)fluoranthene = 1.80E+4 -
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Table 2-9. Summary of Screening Values. (2 Pages)

: Industrial
oot | B |yt | oot | S
- _ Screening
Benzo(ghi)perylene == 1.04E+4 -
Benzo(k)fluoranthene - 1.80E+4 .
Bis(2-ehylhexyl)phthalate -~ 9.38E+6 ag
Butylbenzylphthalate -- 7.00E+8 <
Carbazole B 6.56E+6 -
Chrysene == 1.80E+4 i
Di-n-butylphthalate .- 3.50E+8 -
Dibenz[a,h]anthracene -- 1.80E+4 =
Diethylphthalate s 2.89E+9 o
Flouranthene = 1.40E+8 -
Fluorene - 1.40E+8 =
Methylene chloride -- 1.75E+7 --
Phenanthrene -- 1.05E+9 i
Pyrene - 1.05E+8 i
Aroclor 1254 - 7.00E+4 : {
Diesel range TPH - o 6.50E+6
Kerosene range TPH N L "
Tetrachloroethynene 22 2.60E+6 =
Tributyl phosphate == - -
Toluene - 7.00E+5 o
Vinyl chloride - 8.75E+4 =
Xylene - 7.00E+5 =
Radionuclides in pCi/g
Cs-137 - : - -
Pu-239/240 - - -
Ra-226 s - -
Radioactive strontium (as == o -
Sr-90)
Th-238 o - -
Th-230 - - -
* Assume Th-232.

-- means no value available.

Shaded is the controlling value, which is the lowest.

Screening values that are less than background are not applicable.

This table includes all screening values in the remedial investigation baseline risk assessment.

TPH = total petroleum hydrocarbon.
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Table 2-10. Summary of Contaminants of Potential Concern and Potential Threat to
Groundwater. '

Chemical Name K, (L/kg) Potential Threat to Groundwater®

Bumo(afosome | i ' No

Benzo(a)pyrene 969 No
Benzo(b)fluoranthene 1230 No
Benzo(k)fluoranthene 1230 No
Benzo(g,h,i)perylene 1586° No

Chrysene _ 398 No

Aroclor 1254 309 o S

*Based on the K4 <40 mobile; K4 immobile determination for the vadose zone and groundwater (see text).
¥K not provided. Conservatively assume to be highly mobile in the vadose zone and groundwater.
Ko =1.58E+6 (Mackay et al. 2000), assumes foc = 0.1% (Ecology 2003).

Ecology, 2003, Cleanup Levels and Risk Calculations (CLARC) Database,
https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx .
Mackay, D., W. Y. Shiu, and K. C. Ma, 2000, Physical-Chemical Properties and Environmental Fate Handbook.

foc = fractional organic carbon

K4 = distribution coefficient.
K, = soil organic carbon-water partition coefficient.
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Table 2-11. 216-A-29 Ditch Contaminants of Potential Concern.

Constituent

Direct Exposure

Protection of

Groundwater

Industrial Use Ecological
Hazard Quotient >1.0

IArsenic

X

Bismuth

[Boron

Cadmium

Lead

Pesry

Molybdenum

Selenium

Silver

(Uranium

5 | ¢

'Vanadium

Nitrate as N

Nitrate and nitrate/nitrite as N

Sulfate

Methylene chloride

Benzo(a)anthracene

Chrysene

Tributyl phosphate

1,2-dichloroethane

Aroclor 1254

el A A e R A e R

Pu-239/240
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Table 2-12. 216-A29 Trench Summary of Extended Nature and Extent of Contamination Assessment. (6 Pages)

Constituent

Hanford Site
Background

Industrial
Direct
Contact

GW
Protection

Industrial

Maximum
(Location)

Mean
95%UCL

Remark

Arsenic

6.5

87.5

0.0304

Boron

315,000

11.2

Cadmium

0.81

3,500

0.69

12.2
(AD-3)

49

No excessive contamination.

AD-3: 6-to 9-ft intervals dictate
screening.

Mean and 95%UCL suggest typical
EPC comparable to background.

34
(AD-1)

No local background data exist.
Typical soil concentration in basalts
5 to 20 mg/kg, up to 30 mg/kg in
sandstones and 130 mg/kg in shales
(Pendias and Pendias 1992).
Washington soils up to 70 mg/kg
(Dragun and Chekiri 2005).

No apparent elevation based on
three samples.

The 0.5 mg/kg ecological-screening
value is based on protection of plants
and may not be the most appropriate.
ES/ER/TN-86/R3 identifies a
NOAELy,,q of 220 mg/kg.

28
(AD-1)

1.5
6.1

No excessive contamination.
AD-1: 4- to 5-ft anomaly.

Many detections are below or near
detection limit.

Mean and 95%UCL suggest typical
EPC is much lower than maximum.

V¥ 14VId £9-$002-Td/400
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Table 2-12. 216-A29 Trench Summary of Extended Nature and Extent of Contamination Assessment. (6 Pages)

Industrial
Hanford Site 2 GW
Constituent Direct
Background Gt Protection
Lead 10.2 1,000 3,000
Mercury 0.33 1,050
Molybdenum - 17,500 16.3

Industrial
Maximum Mean
Heslogical (Location) 95%UCL Remark

Anomalies: AD-1: 4 to 6 ft,
AD-2: 7.5t0 8.5 fi, B8826: 4 to 6 fi,

i 362 i ; Area 8: 13 ft.

S ek o Most other detections are below or
duplicates 84.4
(AD-2) background.
Mean and 95%UCL suggest typical
EPC is much lower than maximum.
Anomalies: AD-1: 4to 6 ft,
AD-2: 7.5t0 8.5 ft, B8826: 4to 6 fi,
52 0.6 Area 8: 13 fi.
55 ( A]il-l) 1-8 Most other detections are below or
’ background.
Mean and 95%UCL suggest typical
EPC is much lower than maximum.
i 3.2 1.3 Apparent mis-categorization. Lowest
(Remark) (AD-1) NR screening value is 7 mg/kg.

V 14vdd £9-5002-Td/d0d
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Table 2-12. 216-A29 Trench Summary of Extended Nature and Extent of Contamination Assessment. (6 Pages)

Maximum
(Location)

Mean
95%UCL

Remark

Industrial
Constituent HB::for('l”f::;z Direct P (ti‘:ﬂ
kgrens Contact s i
Selenium 0.78 mg/kg 17,500 52
Silver 0.73 17,500 13.6

18.5
(Area 8)

1.0
4.0

Anomaly at Area 8: Detection at

13 ft governs this distribution.

Most other detections are below or
near detection limits and within
expected ranges.

Note that the Hanford Site
background value was not available
for use in the remedial investigation
baseline risk assessment.

Typical range of selenium in soils
0.1 to 2.0 mg/kg (Dragun 1998).
Observed range in western United
States (<0.1 to 4.3).

Mean and 95%UCL suggest typical
EPC is much lower than maximum
and within expected ranges.
ES/ER/TN-86/R3 illustrates
derivation of soils-screening method
resulting in 14.8 mg/kg values,

42
(AD-1)

1.9
8.7

Anomaly at AD-1: 4to6 ft.
t elevations at AD-2: 7.5 to

8.5 ft, B8826: 4 to 6 ft, Area 8: 13 ft.

Most other detections are below or
near background detection limits.
Mean and 95%UCL suggest typical
EPC is much lower than maximum;
95%UCL is the approximate lowest
screening value.

V 1LAVdd £9-5002-Td/40d
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Table 2-12. 216-A29 Trench Summary of Extended Nature and Extent of Contamination Assessment. (6 Pages)

Industrial
Hanford Site GW
Constituent Direct
Background Cagitact Protection
Uranium 3.21 10,500 1.3
Vanadium 24,500 2,240
Nitrate as N 12 350,000

Industrial
Maximum Mean
Ecological |y ication) | 95%UCL .
Anomaly at AD-2: 7.5to 8.5 ft.
Other elevated concentrations at
43 AD-3: 6- to 9-ft interval.
Average of 1.3 Most other detections are below or
duplicates) 1.6 near background.

(AD-2) Mean and 95%UCL suggest typical
EPC to be in the range of
background.

Anomaly at AD-2: 7.5t0 8.5 ft.
Most other detections are below or
background.
97.4 Mean and 95%UCL suggest typical
2 Avera.ge of 64.2 EPC to be in the range of
(Remark) | duplicates) 69.8 background.

(AD-2) There are no primary toxicity data
describing vanadium toxicity to
plants in soil and confidence in the
2 mg/kg ecological-screening value
is low (ES/ER/TN-86/R3).
Anomalies at AD-1: 4 to 6 ftand 6.5
to 7.5 fi.

Apparent elevations also at AD-2:
7.5t08.5 ftand AD-3: 6to 7 ft.
210 35.7 Many other detections are in the
- (AD-1) 66.9 range of background.
Mean and 95%UCL suggest typical

EPC is much lower than maximum.

95%UCL is the lowest screening
value.

V 1LdVYdd £9-S002-T4/40A
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Table 2-12. 216-A29 Trench Summary of Extended Nature and Extent of Contamination Assessment. (6 Pages)

Industrial Industrial
Hanford Site GW Maximum Mean
Constituent Direct Ecological Remark
Background Contest Protection S i (Location) 95%UCL
Anomaly at AD-2: 7.5 to 8.5 ft.
: 424.5 Apparent elevations in upper strata at
.l E - ~ Averageof |  36.1 AD-1, AD-3, and B8826.
N ’ duplicates) | 1163 Mean and 95%UCL suggest typical
(AD-2) EPC is to be in the range of
background.
Anomaly at AD-1: 4 to 6 ft. .
2.970 226 Most other detections are below or
Sulfate 237 -- -- ( A,D-l) 5 04 6 near background detection limits.
) Mean and 95%UCL suggest typical
EPC is much lower than maximum.
One detection in 40 samples is a
9.400 ) 2.5% detection rate.
Aroclor 1254 - 7.00E+4 9.89E+2 AD-1 NA “J” estimate because the sample was
diluted.
Two detections: AD-1: 4to 5 ftand
AD-3: 6to 7 ft.
Benzo(a)- 18017 Two detections in 40 samples is a
anthracene - 1E0E+4 AD-1 NA 5% detection rate.
“J” estimates because both samples
were diluted. .
Two detections: AD-1: 4to 5 ftand
AD-3: 6t0 7 ft.
2107 Two detections in 40 samples is a
Chrysene -- 1.80E+4 AD-1 NA 5% detection rate.

“J” estimates because both samples
were diluted.

V 1LdVdd £9-S002-Td/40d
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Table 2-12. 216-A29 Trench Summary of Extended Nature and Extent of Contamination Assessment. (6 Pages)

Constituent

Hanford Site
Background

Industrial
Direct
Contact

GW
Protection

Industrial
Ecological
Screening

Maximum
(Location)

Mean
95%UCL

Remark

Radionuclides in pCi/g

Pu-239/240

6,100
(Remark)

667
(B8826)

39
200.2

Anomalies at B8826: 4 to 6 fi,
AD-1: 4to 5 ft, AD-2: 7.5t0 8.5 ft.
Other elevations at B8826: 6.5 to
11 ft.

‘Most others are non-detections.

Mean and 95%UCL suggest typical
EPC is to be much less than the
maximum.

All less than the ecological-screening
concentration.

Pu-239/240 maximum concentration
produced a 35 mrem/yr dose to the
industrial worker (dose limit =

15 mrem/yr).

-- means no value available.
Shaded is the governing screening value. The governing value cannot be lower than background from a practical standpoint. Screening values below or near background
suggest that adverse impacts are expected from natural conditions.
NR = Not reported; statistical assessment is not relevant due to small sample size.

Dragun, 1., and K. Chekiri, 2005, Elements in North American Soils.

Dragun, 1., 1998, The Soil Chemistry of Hazardous Materials.
ES/ER/TN-86/R3, Toxicological Benchmarks for Wildlife: 1996 Revision.
Pendias, H., and K. Pendias, A., 1992, “Trace Elements in Soils and Plants.”

95%UCL
EPC

GW

NA
NOAEL

95th upper confidence level.
exposure-point concentration.

groundwater.
not applicable.

no observed adverse-effect level.

V 14Vdd £€9-S00Z-Td/30d
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Table 2-13.

216-A-29 Ditch Summary and Rationale of Constituents for Extended Groundwater Impacts Evaluation.

& Hanford Site - o Kq o kot
onstituent Background UCL95% GPC Spatial and Data Aggregation Finding ke/L Groundwlater
Analysis
Arsenic, mg/kg 6.5 7 0.0304 BG ~UCL95%> GPC 29 Yes®
Cadmium, mg/kg 0.81 6.11 0.69 BG <UCL95%> GPC 6.7 Yes
Lead, mg/kg 10.2 84.4 3,000 BG <UCL95% <GPC 10,000 No
Mercury, mg/kg 0.33 1.8 2.09 BG <UCL95% <GPC 52 No
Selenium, mg/kg 0.78" 4 5.2 BG ~UCL95% <GPC 5 No
Silver, mg/kg 0.73 8.7 13.6 BG <UCL95% <GPC 8.3 Yes
Uranium, mg/kg 3.21 1.6 210.6 BG <UCL95% <GPC 100 No
Nitrate as N, mg/kg - 66.9 40 UCL95%> GPC -- Yes
Nitrate and
nitrate/nitrite as N, -- 116.3 40 UCL95%> GPC -- Yes
mg/kg
Sulfate, mg/kg 237 704.6 - BG <UCL95% Yes
Aroclor 1254, pg/kg - 9.4 98.8 Sole detection >GPC 309 No
E;ﬁfg(a)‘mmcm’ - (?_ ;;; 85.7 Median of 2 detections <GPC 357 No
Chrysene, pg/kg -- 241{;) 95.6 Median of 2 detections <GPC 398 No

"Marginal comparison; include as a conservative measure.

bSelenium background soil concentrations range up to 4.3 mg/kg in the Western United States (Schacklette and Boemgen 1984)
NOTE: Bismuth, tri-butylphosphate, methylene chloride, and 1,2-dichloroethane have been omitted based on previous dlscussn:m

Schacklette, H. T., and J. C. Boemgen, 1984, Element Concentrations in Soils and Other Surficial Materials of the Conterminous United States.

95%UCL
BG

GPC

K4

]

95th upper confidence level.
background.

groundwater protection concentration.
distribution coefficient.

Vv 14Vdd £9-5002-Td/40d
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Table 2-14. 216-A-29 Ditch Chemical-Specific Modeling Inputs.

Constituent

Source
Concentration®

mg/kg

de
Likg

Solubility
mg/L

Remark

Arsenic

7

29°

5

Maximum solubility Ag,S; pKsp =
21.68 (Dean 1992).

Cadmium

6.1

6.7°

'l '

Ecology (2003).
Maximum solubility Cd** -
Cd(OH), system, pH = 4
(Benjamin 2002).

Silver

8.7

83"

133"

Ecology (2003).
9Estimated from pKsp Ag2Co; of
7.82 (Dragun 1998).

Nitrate as (N)

66.9

1ar

990,000°

Nitrate/Nitrite as (N)

116.3

1.17°

990,000"

Sulfate

704.6

1.17°

990,000°

K of 1.17 is the average of 3 Kys
developed for nitrate by PNNL
(PNNL-13895). PNNL study
indicates the nitrate retardation in
the soils column is small.

Very high solubility (99%) and low
K4 correspond to PNNL findings.
Solubility is used by SESOIL as a
checking variable to ensure that
pore moisture predicted
concentrations do not exceed
solubility limits. It does not factor
directly into constituent mobility.

Based on structural similarity and
anionic composition; assume
nitrate, nitrate/nitrite, and sulfate
have similar characteristics.

*UCL95% concentrations from soils 0 to 15 ft.

®Ecology 2003.

Benjamin, M.A., 2002, Water Chemistry.

Dean, J. E. 1992, Lange 's Handbook of Chemistry.

Dragun, J., 1998, The Soil Chemistry of Hazardous Materials.

Ecology, 2003, Cleanup Levels and Risk Calculations (CLARC) Database,
https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx .

PNNL-13895, Hanford Contaminant Distribution Coefficient Database and Users Guide.

95%UCL = 95th upper confidence level.

Kq
PNNL

= distribution coefficient.
= Pacific Northwest National Laboratory.

SESOIL = Seasonal Soil Compartment Model.
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Table 2-15. 216-A-29 Ditch Summary of Re-Evaluation of Select Screening Results Using the Robust 95% Upper
Confidence Limit.

_— Finding
Constituent Maximum UCL95% IESC .l Conltla?tlrm Based on Robust UCL95%

Comparison
Arsenic, mg/kg 12.2 7 7 NA
Cadmium, mg/kg 28 6.1 14 NA
Lead, mg/kg 362 84.4 118 NA
Selenium, mg/kg 18.5 4 03 NA UCL95> IESC*
Silver, mg/kg 42 8.7 2 NA UCL95> IESC®

NA
Aroclor 1254, ,400 . i ion >
oclor ng/kg 9 I ™ 650 NA Single detection >IESC

Pu-239/240 (pCi/g) 667 200.2 6,100 See Notes

*Confidence in this assessment is low: (1) The original toxicity basis is from ingestion of water, not soil, and rna not e y

selenium in soils. (2) The UCL95% concentration (4 mg/kg) is comparable to the range of selenium concentrations that occur naturally in the western United States
(up to 4.3 mg/kg) (Schacklette and Boerngen 1984).

®Based on terrestrial plant impacts. Confidence in this assessment is low because confidence in the benchmark is low (i.e., the screening value). According to
the authors, no primary reference data exist showing toxicity of silver to plants grown in soil and therefore, confidence is low (ES/ER/TN-86/R3).

Notes on Pu-239/240 industrial direct-contact re-assessment:
In the RESRAD code, all results (i.e., dose and risk) are linearly proportional to the input soil concentration.

C, = Dose, = Risk; Thus, any increase or decrease in C will produce a proportional increase or decrease in dose and risk.
For the industrial no-cover analysis, the maximum concentration gave maximum doses and risk of 35 mrem/yr and 1E-4 risk, respectively. Using the UCL95%
of 200.2 pCi/g would give a maximum dose of 10.5 mrem/yr and a risk of 3E-5 risk, respectively.

ANL, 2002, RESRAD for Windows.

ES/ER/TN-86/R3, 1996, Toxicological Benchmarks for Wildlife: 1996 Revision.

Schacklette, H. T., and J. C. Boerngen, 1984, Element Concentrations in Soils and Other Surficial Materials of the Conterminous United States.

95%UCL = 95th upper confidence level.

IESC = industrial ecological-screening concentration.

NA = not applicable.
RESRAD = RESidual RADioactivity (dose model) (ANL 2002).

V 14Vdd £9-9002-Td/30d



Table 2-16. 216-A-29 Ditch Summary and Rationale of Constituents for Intruder Scenario Evaluation. (2 Pages)

12

Hanford Site - . Spatial and Data Aggregation
Constituent Background UCL95% Uusc Finding Intruder Analysis

Arsenic, mg/kg 6.5 7 0.67 - CL95% >UUSE Yes®
Cadmium, mg/kg 0.81 6.1 80 BG <95% UCL <UUSC No
Lead, mg/kg 10.2 84.4 400° BG <UCL95% <UUSC No
Mercury, mg/kg 0.33 1.8 24 BG <UCL95% <UUSC No
Selenium, mg/kg 434 4 400 BG ~ UCL95% <UUSC No
Silver, mg/kg 0.73 8.7 400 BG <UCL95% <UUSC No
Uranium, pCi/g 351 1.6 240 BG > UCL95% <UUSC No
. 12 66.9 8300 BG <UCL95%L <UUSC No
Nitrate and
nitrate/nitrite as N, i 116.3 8300 UCL95% <UUSC No
mg/kg
Sulfate, mg/kg 237 704.6 - Yes
Aroclor 1254

’ o 9.4 1.6 Yes
ngkg
Benzo(a)- E 0.18 v
anthracene, pg/kg ) 0.034 ol "

V 14Vdd £€9-5002-Td/40d
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Table 2-16.

216-A-29 Ditch Summary and Rationale of Constituents for Intruder Scenario Evaluation. (2 Pages)

Chrysene, pg/kg -- il(? 0.137 Yes
Pu-239/240 pCi/g - 200.2 -- Yes

*Direct-contact, unrestricted land use (ingestion only) screening values from Ecology (2003). Because these are ingestion only, perform intruder analysis
if screening comparison is with a factor of 2.
"Marginal background comparison; include as a conservative measure.

“Source: EPA

1994, OSWER Directive 9355.4-12.

dSelenium in soils in western United States ranges up to 4.4 mg/kg (Schacklette and Boerngen 1984). Marginal background comparison; include as a
conservative measure.

--= No data.

NOTE: Bismuth, tributyl phosphate, methylene chloride, and 1,2-dichloroethane have been dismissed previously as contaminants of potential concern
(see discussion in Section 2.7).

Ecology, 2003, Cleanup Levels and Risk Calculations (CLARC) Database, https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx .
EPA, 1994, Revised Interim Lead Guidance for CERCLA Sites and RCRA Corrective Action Facilities, OSWER Directive 9355.4-12.
Schacklette, H. T., and J. C. Boemgen, 1984, Element Concentrations in Soils and Other Surficial Materials of the Conterminous United States.

95%UCL
BG
UusC

mn

—

95th upper confidence level.
background.
unrestricted use screening concentration.
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Table 2-17. Exposure Factors for the Child-to-Adult Receptor Intruder Exposure Scenario.

Exposure Variable Unit Value Reference/Remark
IR, (soil ingestion rate) mg,,;/day 120 DOE/RL-91-45, Table A-8 (Child = 200, Adult = 100)
CF (unit conversion) kg/mg 1.00E-06 Conversion factor
50% of exposure to soils in garden; 50% of exposure to dust derived from
FI (fraction from site) fraction 1.0 the garden while indoors.
100% of food consumption from garden.
EF (exposure frequency) days/yr 365 Assume daily exposure
ED (exposure duration) yr 30 DOE/RL-91-45, Table A-8
BW (body weight) kg 59.2 DOE/RL-91-45, Table A-8 (Child = 16, Adult = 70)
INHR (inhalation rate) m’/day 20 DOE/RL-91-45, Table A-8
Skin SA,,; (exposed surface area to soil) cm’ 5,120 EPA/540/R-99/005, Part E, Child = 2800, Adult = 5700
KBS (altritivn Gaction) Ficticis 0.1 g;’;tfi;tOIR-SDQIOOS, Part E, Dermal Risk Assess Exhibit 3-4, Chemical
AF,; (soil to skin adherence factor) mg/cm’ 0.2 DOE/RL-91-45, Table A-8
IR egerables (home-grown vegetable ingestion rate) g/day 105.9 Egﬁ;iﬁ&l‘ible Bl S RESIONESISIDIRRI o xhar SOt
Rinse/preparation factor,egewbleséfruits fraction 0.78 EPA/600/P-95/002B/assumes nominal 22% loss via preparation
ATca oy days 25,550 EPA/540/1-89/002/standard
ATnca days 10,950 EPA/540/1-89/002/appropriate for ED (30 years)

DOE/RL-91-45, Hanford Site Baseline Risk Assessment Methodology.

EPA/540/R-99/005, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.

EPA/540/1-89/002, Risk Assessment Guidance for Superfund (RAGS), Volume I -- Human Health Evaluation Manual, (Part A) Interim Final, OSWER 9285.7-01 A.
EPA/600/P-95/002B, Exposure Factor Handbook, Volume I, General Factors.

V 14Vdd £€9-500C-Td/d0d
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Table 2-18. Intruder Scenario Chemical-Specific
Input Parameters.

Contaminant of Potential Concern Soil to Plant Transfer® Dermal Absorption”
Arsenic 0.036 0.001
Sulfate 0 0.001
Aroclor 1254 0.01 0.14
Benzo(a)anthracene 0.0202 0.13
Chrysene 0.01866 0.13

"Source: EPA/540/D-00/001a, Screening Level Ecological Risk Assessment Protocol for Hazardous Waste Combustion

Facilities.

Source: EPA/540/R-99/005, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual
(Part E, Supplemental Guidance for Dermal Risk Assessment) Final.

Table 2-19. 216-A-29 Ditch, Intruder Risk Assessment Nonradiological Results.

PS:::;;‘;‘E:‘;:;’; EPC HQ Contribution Eé:’:::;‘;:&‘:}" Contribution
Arsenic 7 mg/kg 0.1 13.3% 1.4E-05 86.6%
Sulfate® 704.6 mg/kg <0.001 <0.1% - -
Aroclor 1254 9400 pg/kg 0.5 86.7% = %
Benzo(a) 180 pg/kg - - 1.0E-06 6.4%
anthracene
Chrysene 210 pg/kg - -- 1.1E-06 7.0%

Sum HI=0.6 2E-05

*Excess lifetime cancer risk for nonradiological constituents; this is risk of cancer incidence.
®Hazard quotient based on a provisional toxicity chronic reference dose (see discussion).
The hazard quotient and excess lifetime cancer risk estimates are dominated by the ingestion of home-raised foodstuffs

pathway; 83% and 96%, respectively.

Hl= Z HQs when similar toxicity effects are reasonably expected.

EPC = exposure point concentration.

HI = hazard index.

HQ = hazard quotient.

Table 2-20. 216-A-29 Ditch, Intruder Risk Assessment Radiological Results.
Pathway mrem/yr* Contribution Eé;:s:efi;::::e Contribution
Soil ingestion 5.3E-02 50.3% 3.5E-09 20.0%
Inhalation 4.2E-02 40.0% 7.2E-09 41.6%
Irradiation 6.3E-03 6.0% 6.4E-09 36.8%
Plant ingestion 3.9E-03 3.7% 2.6E-10 1.5%
0.1 2.E-08

*Committed effective dose equivalent.
PExcess lifetime cancer risk for radiological constituent is risk of mortality from cancer.

Pu-239/240 concentration = 200.2 pCi/g.
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Table 2-21. 216-A-29 Ditch Summary of Extended Analysis Findings. (2 Pages)

Initial Screening Concentration Exceedance Extended Analysis Finding
i T Togactits No Impac
rovmim o || Dt | prociona | oot | STt |Seal e LIS | G| Mo
Exglosie Gk Risk Errors Considerations | Immobility e . Eb UCL95%
K, >40 kg/L Transport
-- X X
X X =
- - X
e X X
-- -- X
2 X -
- -- X
-- -- X
-- X X
-- X X
_ - = X
Nitrate as N - X e -- - - — -
itrate and - = == i s -
itrate/nitrite as N -- X
Sulfate - X - -- = - = s
- X .. = s s e
ac X - - -- =
- X = = - -
X X - - = - =
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Table 2-21. 216-A-29 Ditch Summary of Extended Analysis Findings. (2 Pages)

XX indicates that the extended analysis clarified the initial screening concentration exceedance. The initial exceedance is offset by the extended analysis.
Shading of a contaminant of potential concern indicates that all initial screening concentration exceedances are offset by the extended analysis.

95%UCL = 95th upper confidence level.
GW = groundwater.
K4 = distribution coefficient.

Initial Screening Concentration Exceedance Extended Analysis Finding
No Impact to T
Potental Concern | _Direct | Protectionof | Ecological | Yo Tureator | Spatial andata) 0 TIRC| GW through | Hevenste
Ripanms i Risk Errors Considerations | Tmmobility v,;dm Zone | G CLIS%
K, >40 ke/L ransport
o X - o~ o - =
= X X - s s "
X - . - = z -
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Table 2-22. 216-B-63 Trench Contaminants of Potential Concern.

Constituent Direct Protection of Industrial Use Ecological
Exposure Groundwater Hazard Quotient >1.0
Bismuth X X -
Boron - - X
Cadmium - X i
Nitrate as N -- X -
Nitrate/nitrite as N - X s
Benzene - X -
Selenium - - X
Vanadium - - X
Radioactive strontium - - X
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Table 2-23. 216-B-63 Trench Summary of Extended Nature and Extent of Contamination Assessment. (3 Pages)

Constituent

Hanford Site
Background

Industrial
Direct
Contact

Ground- Industrial
water Ecological
Protection

Maximum
(Location)

Mean
95%UCL

Remark

Boron

315,000

11.2

No local background data exist.
Typical soil concentration in basalts

is 5 to 20 mg/kg, up to 30 mg/kg in
sandstones, and 130 mg/kg in shales
(Pendias and Pendias 1992).

One sample BT-2 (5 to 6 fi) elevated.
NOTE: Boron will be omitted from
further consideration based on
previous analysis and rationale (see
text).

Cadmium

0.81

3,500

0.27*
(BT-2)

0.69

2.42°
(B8827)

0.11
0.2

No evidence of contamination.

Mean and 95%UCL of upper 15-ft
strata well below background and all
screening concentrations.”

The sole basis for identifying
cadmium as a contaminant of
potential concern is the sample from
B8827: 17.5 to 19.0 fi, which is an
anomaly of 2.24 mg/kg reported in'a
split sample.” Split-sample result
deemed unreliable.

Many detections are below or near
detection limit.

Selenium

0.78
(Remark)

17,500

0.75
(BT-2)
(Remark)

5.2

%%

Note that the Hanford Site
background value was not available
for use in the remedial investigation
baseline risk assessment. Comparing
the maximum to current Hanford Site
background indicates that selenium at
the Site is not a contaminant of
potential concern. It will be omitted
from the analysis.
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Table 2-23. 216-B-63 Trench Summary of Extended Nature and Extent of Contamination Assessment. (3 Pages)

Constituent

Vanadium

Nitrate as N

Hanford Site

Background

12

Industrial
Direct
Contact

Ground-
water
Protection

Industrial
Ecological
Screening

Maximum
(Location)

Mean
95%UCL

Remark

24,500

350,000

Nitrate and
nitrate/nitrite as
N

350,000

2,240

(Remark)

86.6
Highest of
split
(BT-2)

58.2
65.7

No evidence of vanadium
contamination.

Maximum of a split (86.6 and

78 mg/kg) at BT-2 (7.5 to 8.5 ft)
triggered inclusion as contaminant of
potential concern. Note Hanford Site
background benchmark is

85.1 mg/kg.

All other detections are below or
background.

Mean and 95%UCL suggest typical
EPC is well within the range of
background.

188
(BT-2)

30.1
76.4

Anomaly elevation at BT-2: 5 to
6 ft.

Apparent elevations also at BT-1: 7
to 8 ft, and 9.5 to 10.5 ft.
Many other detections less than or in
the range of background.

Mean and 95%UCL suggest typical
EPC is much lower than maximum.

230
(BT-2)

36.6
84.6

Anomaly elevation at BT-2: 5 to
6 fi.

Apparent elevations also at BT-1: 7
to 8 ft, and 9.5 to 10.5 ft.
Many other detections less than or in
the range of background.

Mean and 95%UCL suggest typical
EPC is much lower than maximum.
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Table 2-23. 216-B-63 Trench Summary of Extended Nature and Extent of Contamination Assessment. (3 Pages)

Industrial Ground- Industrial
Constituent g:nford Si;e Direct water Ecological Mm‘:;:::; 9513‘3& Remark
i Contact Protection Screening ( "
Organics in
One detection in 26 samples.
8 NR All other sample reports are
Benzene e 2.39E+6 w BT-2 NR nondetection. Pattern suggests
spurious analytical or reporting
result.
Anomalies at BT-2: 7.5 to 8.5 ft and
BT-2A: 6to 7 ft.
. Some elevation above background at
Ra;loa:icnve - 24 5.6 B8827.
’ 0; ;1(';1 178 - BT-2A 17.4 Many reports as nondetections or in
(as 5r-90) the range of background.
Mean and 95%UCL suggest typical
EPC to be less than the maximum.

-- means no value available.
Shaded is the governing screening value. The governing value cannot be lower than background from a practical standpoint. Screening values below or near background
suggest that adverse impacts are expected from natural conditions.
NR = Not reported; statistical assessment is not relevant due to small sample size.

Pendias, H., and K. Pendias, A., 1992, “Trace Elements in Soils and Plants.”

95%UCL
EPC

= 95th upper confidence level.
= exposure-point concentration.
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Table 2-24. Chemical-Specific Modeling Inputs for the 216-B-63 Trench.

Source
Constituent Concentration” K molnifiy Remark
mg/kg e
Nitrate as (N) 76.4 K4 0f 1.17 is the average of
3 K4s developed for nitrate by
PNNL-14187.
“Very high solubility (99%).
Nitrate/nitrite as 874 LI 990,000° | High solubility and low K4
N) ’ correspond to PNNL findings.
Based on structural similarity
and anionic composition;
assume nitrate and nitrate/nitrite
have similar characteristics.

b

PNNL-14187, Hanford Site Groundwater Monitoring for Fiscal Year 2002.

95%UCL = 95th upper confidence level.
K4 = distribution coefficient.
PNNL = Pacific Northwest National Laboratory.

Table 2-25. Comparison of Controlling Screening Values with Robust UCL95%

Concentrations.
Constituent C°“t‘§:i':‘ég(§::;‘)’“‘“g Maximum UCL95%
Nitrate as (N), mg/kg 40 (groundwater) 188 66.9
Nitrate/nitrite as (N), mg/kg 40 (groundwater) 230 87.4
Radioactive strontium (as 22.5 (ecological) 24 17.4
Sr-90), pCi/g

95%UCL = 95th upper confidence level.
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Table 2-26. 216-B-63 Trench, Summary and Rationale of Constituents for Intruder Scenario Evaluation.
. Hanford Site » " . . ’ Intruder

Constituent Background UCL95% UUSC Spatial and Data Aggregation Finding Aol
Cadmium, mg/kg 0.81 6.1 80 BG <UCL95% <UUSC No
Nitrate as N 12 66.9 8,300 BG <UCL95% <UUSC No
Nitrate and nitrate/nitrite
as N, mg/kg = 116.3 8,300 UCL95% <UUSC No
Total radioactive
strontium (as Sr-90), 0.178 17.4 - Yes

pCi/g

A

*Direct-contact, unrestricted land use (ingestion only) screening values from Ecology (2003). Because

comparison is with a factor of 2 to 3.

--=No data.

gestion only,

Ecology, 2003, Cleanup Levels and Risk Calculations (CLARC) Database, https:/fortress.wa.gov/ecy/clarc/CLARCHome.aspx .

95%UCL = 95th upper confidence level. -
BG = background.

uusC = unrestricted use screening concentration.

1 er analysis if screening
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Table 2-27. 216-B-63 Trench, Intruder Risk Assessment Results for Strontium-90.

Excess Lifetime

Pathway mrem/yr"® | Contribution Cancer Risk” Contribution
Soil ingestion 5.8E-11 1.6% 4.8E-17 1.3%
Inhalation 3.3E-12 0.1% 1.4E-18 0.0%
Irradiation 2.4E-09 64.9% 2.5E-15 70.3%
Plant ingestion 1.3E-09 35.1% 1.1E-15 29.7%
4.E-09 4.E-15

*Committed effective dose equivalent.
YExcess lifetime cancer risk is mortality risk from cancer.
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Table 2-28. 216-B-63 Trench, Summary of Extended Analysis Findings.

Initial Screening Concentration Exceedance Extended Analysis Finding
Tie L & No Impact to
i GW th
COPC Direct Proisclione Ecological No Threat or | Spatial and Data i rough GW through Revaluate
. Lab/Reporting | Aggregation adose Zone with Robust
Xposure GW Risk o C . i Vadose Zone
rs onsiderations | Immobility Transoort UCL95%
K, >40 kg/L d
Bismuth X X - = . - - -
Boron os - X - - - a5 - -
Cadmium - X - - — e —
Nitrate as N = X = = o " = - -
Nitrate and -
nitrate/nitrite as N - - = - - e =
Benzene - % - “a i
Selenium - - X - — o oz
Vanadium - - X P = -
Radioactive strontium X
as SR-90) - - - - - -

XX indicates that the extended analysis clarified the initial screening concentration exceedance. The initial exceedance is offset by the extended analysis.

Selenium was shown to have been included as a COPC from the remedial investigation baseline risk assessment because appropriate Hanford Site background data were not
available. Based on the standard comparison technique, selenium concentrations reported at the Site do not exceed background.

Shading of a COPC indicates that all initial screening concentration exceedances are offset by the extended analysis.

95%UCL = 95th upper confidence level.
COPC = contaminant of potential concern.
GW = groundwater.

Ky = distribution coefficient.

vV 14vdd £9-5002-T4/20d
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Table 2-29. 216-S-10 Ditch Contaminants of Potential Concem.

Constituent

Direct Exposure

Protection of
Groundwater

Industrial Use Ecological
Hazard Quotient >1.0

Atsenic

X

Bismuth

X

X

IBoron

Total chromium

ICopper

Mercury

Selenium

Silver

Thallium

Vanadium

Zinc

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(a)fluoranthene

Benzo(k)fluoranthene

Chrysene

IAroclor 1254
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Table 2-30. 216-S-10 Ditch Summary of Extended Nature and Extent of Contamination Assessment. (4 Pages)
Industrial Ground-
Constituent l;::;;:‘:us;: Direct water Maﬂ::;::; 95%321. Remark
Contact Protection ( e
- in ng .‘_\
No excessive contamination.
Arsenic 6.5 87.5 0.0304 oy s e i
(SD-3) 4.1 Maximum, mean, and 95%UCL are
less than background.
NOTE: Boron will be omitted from
Boron ® - K 315,000 11.2 5.2 NR further consideration based on previous
coonck) (SD-1) analysis and rationale (see text).
Apparent anomalies at SD-2 control
summary statistics.
Potential elevated concentration at
SD-1: 6- to 7-ft interval.
111.3 .
; 815 Many detections are below or near
Chromium 18.5 5,250,000 2,000
(SD-2) 437 background
No impact below ~ 6 to 7 ft bgs.
Note that some reports are greater than
the background-screening
concentration at depths for B8828.
Apparent anomalies at SD-2 control
summary statistics.
244 5.9 Many detections are below or near
Copper 22 130,000 262 (SD-2) e background.

No impact below ~3 ft bgs.

Mean and UCL95% are notably below
the ecological-screening concentration.

V L4Vdd £9-S002-T4/90d
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Table 2-30. 216-S-10 Ditch Summary of Extended Nature and Extent of Contamination Assessment. (4 Pages)

Industrial
Ecological

Maximum
(Location)

95%UCL

Remark

Industrial Ground-
Constituent I;::{:;_i:;t: Direct water
Contact Protection
Mercury 0.33 1,050
. 0.78

Selenium (Remark) 17,500
Silver 0.73 17,500
Thallium -- 245

43
(SD-2)

0.5
2:2

Apparent anomalies at SD-2 control
summary statistics.

Many detections are below or near
background and below detection limits.

No impact below ~0 to 1 ft bgs.

Mean and 95%UCL suggest typical
EPC is lower than maximum.

0.44
SD-1
(Dup)

0.19
0.22

Note that the Hanford Site background
value was not available for use in the
remedial investigation baseline risk
assessment. Comparing the maximum
to the current Hanford Site background
indicates that selenium at the Site is not
a contaminant of potential concern. It
will be omitted from the analysis.

304
SD-2

5.5
21.1

Apparent anomalies at SD-2 control
summary statistics.

Median = 0.1 mg/kg.

Many detections are below or near
background.

No impact below ~ 6 to 7 ft bgs.

Mean and 95%UCL suggest typical
EPC is lower than maximum.

0.99
SD-2

0.75
(mean)

No excessive contamination.

Note uniformity in results.

Maximum, mean, and 95%UCL are
less than background.

Thallium concentrations in sedimentary
rocks up to 1.0 mg/kg in sandstones,
2.0 mg/kg in shales (Pendias and
Pendias 1992).
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Table 2-30. 216-S-10 Ditch Summary of Extended Nature and Extent of Contamination Assessment. (4 Pages)

. Industrial Ground- Industrial
Constituent l;:::;:i“s:; Direct water Ecological Mm{g::; %!:%BCL Remark
Contact Protection Screening ( =
No excessive contamination.
o Note uniformity in results.
Vanadium 24,500 2,240 (Remark) 80.5 background.
Maximum is approximately
comparable to background screening
value.
Apparent anomalies at SD-2 control
summary statistics.
Median = 53.1 mg/kg.
. 506 99 Many other detections are below or
Zinc 67.8 1,050,000 5,970 SD-2 2786 near background.
No impact below ~6 to 7 ft bgs.
Mean and UCL95% are notably below
the ecological-screening concentration.
Apparent anomalies at SD-2 control
3,700 summary statistics.
Aroclor 1254 - $O0E 9.89E+2 SD-2 nE All other samples are below detection
limits.
Apparent anomalies at SD-2 control
~ summary statistics.
BN - 1.80E+4 2 NR .
anthracene SD-2 All other samples are below detection
limits.
Apparent anomalies at SD-2 control
i summary statistics.
o - 1.80E+4 i NR .
pyrene SD-2 All other samples are below detection

limits.
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Table 2-30. 216-S-10 Ditch Summary of Extended Nature and Extent of Contamination Assessment. (4 Pages)

. Industrial
Constituent g::g:zs;t: Direct
Contact
Benzo(b)
fluoranthene . LB
Chrysene -- 1.80E+4

-- means no value available.
Shaded is the governing screening value. The governing value cannot be lower than background from a practical standpoint. Screening values below or near background
suggest that adverse impacts are expected from natural conditions
NR = Not reported; statistical assessment is not relevant due to small sample size.

Ground-
water

RoERatrasl Maximum Mean
Ecological 2 Remark
Screening (Location) | 95%UCL
Apparent anomalies at SD-2 control
5307 summary statistics.
B NR . :
SD-2 All other samples are below detection
Apparent anomalies at SD-2 control
680 ] summary statistics.
- NR .
SD-2 All other samples are below detection

limits.

Pendias, H., and K. Pendias, A., 1992, “Trace Elements in Soils and Plants.”

95%UCL
bgs
EPC

= 95th upper confidence level.

below ground surface.
exposure-point concentration.
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Table 2-31. 216-S-10!

Summary and Rationale of Constituents for Extended Groundwater Impacts Evaluation.

Extended
0,
Constituent Hanford Site | UCL95% GPC Spatial and Data Aggregation Finding s Groundwater
Background kg/L
Analysis
Mercury, mg/kg 0.33 22 2.09 BG <UCL95% >GPC 52 No
Silver, mg/kg 0.73 21.1 13.6 e ICL95% >GPC 83 Yes
Aroclor 1254, pg/kg - 2,400* 989 Median of the two detections >GPC 309 No
':;/“;;’(“)““m“"c’ - 550 85.7 Sole detection >GPC 357 No
Benzo(a)pyrene, pg/kg - 600* 233 Sole detection >GPC 269 No
Benzo(b)fluoranthene, _ 530% 295 Sole detection >GPC 1,230 No
ug/kg
Benzo(k)fluoranthene, B 450* 295 Sole detection >GPC 1,230 No
ng/kg
Chrysene, pg/kg - 680* 95.6 Sole detection >GPC 398 No

*Insufficient data to compute UCL95%.
Ecology, 2003, Cleanup Levels and Risk Calculations (CLARC) Database, https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx .

95%UCL = 95th upper confidence level.

BG = background.

foc = fractional organic carbon

GPC = groundwater protection concentration.
K4 distribution coefficient.

won

Ko

soil organic carbon-water partition coefficient.
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Table 2-32. 216-S-10 Ditch Chemical-Specific Modeling Inputs.

Source K,

Solubility

Constituent Colceatration® @L/Kg) (mg/L) Remark
Ecology (2003).
. Estimated from pKsp
Silver, mg/kg 211 8.3 133 AgyCo, of 7.82
(Dragun 1998).
*UCL95%.

Dragun, J., 1998, The Soil Chemistry of Hazardous Materials.

Ecology 2003, Cleanup Levels and Risk Calculations (CLARC) Database,
https:/fortress.wa.gov/ecy/clarc/CLARCHome.aspx .

95%UCL = 95th upper confidence level.

Table 2-33. 216-S-10 Ditch Comparison of Controlling Screening

Values with Robust UCL95% Concentrations.

Constituent Controlling Screening | /. imum UCL95%
Value (Basis)
Chromium (total), mg/kg (industri alGZcologic al) 815 437
Cappes, IR kE (industria% 1ez:ological e 131.2
Silver, mg/kg i dusmalzmlogical) 30.4 21.1
Zinc, mg/kg (i dusn'ia:ii(():ologic al) 506 278.6
Aroclor 1254, pg/kg i dustria?se?:ologic al) 3,700 NR

NR = Not reported; statistical assessment is not relevant due to small sample size.

95%UCL = 95th upper confidence level.
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Table 2-34. 216-S-10 Trench Summary and Rationale of Constituents for Intruder Scenario Evaluation.

Constituent I]:::E;_?‘f:: UCL95% yusct Spatial and Data Aggregation Finding f:lta:il::i:
Arsenic, mg/kg 6.5 4.1 0.67 BG >UCL95% No
Total chromium, mg/kg 18.5 437 2,000° BG <UCL 95% <UUSC No
Copper, mg/kg 22 131.2 2.960 BG <UCL95% <UUSC No
Mercury, mg/kg 0.33 22 24 BG <UCL95% <UUSC No
Silver, mg/kg 0.73 21.1 400 BG <UCL95% <UUSC No
Thallium, mg/kg 2.0° ((:;::} (solu;l.: salts) BG <UCL95% <UUSC No
Vanadium, mg/kg 85.1 80.5 560 BG <UCL95% <UUSC No
Zinc, mg/kg 67.8 278.6 24,000 BG <UCL95% <UUSC No
3,700
Aroclor 1254, pg/kg - (o) 1,600 Yes
Benzo(a)anthracene, pg/kg - 550 137 Yes
Benzo(a)pyrene, pg/kg 600 137 Yes
Benzo(b)fluoranthene, pg/kg 530 137 Yes
Benzo(k)fluoranthene, pg/kg 430 137 Yes
Chrysene, pg/kg - 680 137 Yes

*Direct-contact, unrestricted land use (ingestion only) screening values are from Ecology (2003). Because these are ingestion only, perform intruder analysis if screening

comparison is with a factor of 2.
®Chromium II1.

“Thallium in soils in up to 2.0 mg/kg (Pendias and Pendias 1992).

--=No data.

Ecology, 2003, Cleanup Levels and Risk Calculations (CLARC) Database, https://fortress.wa.gov/ecy/clarc/CLARCHome.aspx .

Pendias, H., and K. Pendias, A., 1992, “Trace Elements in Soils and Plants.”

95%UCL
BG
uusc

background.

oo

95th upper confidence level.

unrestricted use screening concentration.
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Table 2-35. 216 S-10 Ditch Intruder Risk Summary.

. Hazard ‘ Excess Lifetime | Contribution

Constituent Quotient Contribution Cabsi Rk (%)
Aroclor 1254 0.2 100.0% - -
Benzo(a)anthracene -- - 3.E-06 26.2
Benzo(a)pyrene - -- 2.E-06 i
Benzo(b)fluoranthene - -- 2.E-06 14.4
Benzo(k)fluoranthene - -- 1.E-06 117
Chrysene -- -- 4.E-06 303

TOTAL 0.2 1.E-05
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Table 2-36. 216-S-10 Ditch Summary of Extended Analysis Findings.

COPC

Revaluate
with Robust

indicates that e extended analysis clarified the initial screening concentration exceedance. The initial exceedance is offset b the extended analysis.

Shading of a COPC indicates that all initial screening concentration exceedances are offset by the extended analysis.

95%UCL
COPC
GW

= 95th upper confidence level.
= contaminant of potential concern.

= groundwater.

Initial Screening Concentration Exceedance Extended Analysis Finding
No Impact to
Direct Protection of | Ecological GW through
Exposure GW Risk Vadose Zone
” X =
X X --
- - X
- i %
- - x
= X =
- - X
- X %
- - X
- - X
-- - X
- X %
s X -
e X -
- X o
- X -
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Table 2-37. 216-S-10 Pond Contaminants of Potential Concern.

Coistitibn Direct Protection of | Industrial Use Ecological
Exposure Groundwater Hazard Quotient >1.0
Boron - -- X
Selenium - -- X
Silver -- -- X
Methylene chloride - X -
Vinyl chloride - X -
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Table 2-38. 216-S-10 Pond Summary of Extended Nature and Extent of Contamination Assessment.

Industrial Ground- Industrial . Mean
Constituent g::;;ﬁ:: Direct water | Ecological (“I‘;:"':::; UCLY5 Remark
Contact Protection %
Kies In mg/kg
52 Boron will be omitted from further consideration
B
= {Retink) o 2 (SD-1) NR based on previous analysis and rationale (see text).
No excessive contamination.
Nearly all reports are non-detections.
Note uniformity in results.
) 0.78 2 - All detections are below or detection limits and
Selenium (Remark) 17,500 52 B8817 NR within expected ranges.

Typical range of selenium in soils is 0.1 to
2.0 mg/kg (Dragun 1998).
Observed range in western United States (<0.1 to
43).
No excessive contamination.
Two anomalous detections.
Detection rate only 42%.

Sr 0.73 17500 .y 33 0.7 Notelumformlty in results.

(Remark) L : SP-1 2.8 Median = 0.07 mg/kg.

Common range of silver in soils 0.001 to 5 mg/kg
(Lindsay 1979).

With two exceptions, all detections are below or
near detection limits and within expected ranges.

Shaded is the governing screening value. The governing value cannot be lower than background from a practical standpoint. Screening values below or near background suggest
that adverse impacts are expected from natural conditions.
NR = Not reported; statistical assessment is not relevant due to small sample size.

Dragun, J., 1998, The Soil Chemistry of Hazardous Materials.

Lindsay, W. L., 1979, Chemical Equilibria in Soils.

95%UCL

95th upper confidence level.

V 14Vdd £9-5002-Td/40d



DOE/RL-2005-63 DRAFT A

Table 2-39. Summary of Risk-Based Issues for the Feasibility Study.

Direct

Impacts to

Ecological

Site Remark
Exposure Groundwater Exposure
216-A-29 None Nitrate/nitrite as N | Silver Groundwater impacts may
Ditch Selenium occur in the far distant
Aroclor 1254 | future (~ 800 years). The

impact would be minor
exceedance of a drinking
water standard. The
groundwater is not
considered a consumptive
use.
Contamination affecting
ecological exposures is
localized.

216-B-63 None None None No significant

Trench contamination.

216-S-10 None None Total Contamination affecting

Ditch chromium ecological exposures is

Silver localized.
_ Aroclor 1254
216-S8-10 None None None No significant
Pond contamination.
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ARAR
BCG
CERCLA
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GRA
HCP

NEPA
918}

PRG
RAC
RCRA
RiRsport

RI
ROD
SESOIL
TSD
WAC
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CHAPTER 3.0 TERMS

applicable or relevant and appropriate requirement

biota concentration guide

Comprehensive Environmental Response, Compensation, and
Liability dct of 1980

contaminant of potential concermn

U.S. Department of Energy

feasibility study

general response action

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

National Environmental Policy Act of 1969

operable unit

preliminary remediation goal -

remedial action objective

Resource Conservation and Recovery Act of 1976

Remedial Investigation Report for the 200-CS-1 Chemical Sewer
Group Operable Unit (DOE/RL-2004-17)

remedial investigation

record of decision

Seasonal Soil Compartment Model

treatment, storage, and/or disposal (unit)

Washington Administrative Code
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1

3.0 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES
' AND E’RELMINARY REMEDIATION GOALS

This section defines the land use withiri the study area and within the region and defines the
remedial action objective (RAQ) and preliminary remediation goals (PRG). DOE/RL-98-28,
200 Areas Remedial Investigation/Feasibility Study Implementation Plan — Environmental
Restoration Program (Implementation Plan), and DOE/RL-2004-17, Remedial investigation
Report for the 200-CS-1 Chemical Sewer Group Operable Unit (RI Report}, provide initial
information on these items for the 200 Areas waste sites. For this feasibility study (FS), the
Implementation Plan information was reviewed against the data collected during the remedlal
investigation (RI} and reﬁnements wers made as aporopnate for the wasta sites. o

The RADs are medla-spemﬁc or operable umt-sp601ﬁc objectives for protectmg human heaith'
and the environment. They are developed considering the land use, contaminants of potential
concerr (CO]PC) potential applicable or relevant and appropriate requiremnents (ARAR), and
exposurs pathways (conceptual model). They also specify remediation geals so that an
appropriate range of remedial options can be developed for evaluation. This section describes
the eléments used to dsveloqp the RAQs and presents the RAQs and remedlaﬁon goals used 10
ev&uaie aitemaﬁves '

The RA@ process beglns by 1dent1fymb potential future land use and the COPCs for the famhty
This information ensures that the remedial alternatives being considered can adequately address
the types of contaminants present and facilitates the refinement of potential ARARs. The RAOs
also provide the basis for developing the general response actions {(GRA) that will satisfy the
objectives of protecting human health and the environment. The RAOs are defined as
speciﬁca]lly as possible without limiting the range of GRAs that can be applied.

3.1 }LANB USE

To 1d.ent1fy appropnate cieanup objectives, the future land use of a site must be cemldnred
Current and future land nses of the 200 Areas and the Cenu’a]l Plateau are discussed in the
following secticns.

3.1.1 E&zrarentiand Use

All current iand-use activities associated with the 200 Areas and the Central Plateau are
industrial in nature. The fagilities located in the Central Platean were built to process irradiated
fuel from the plutonium production rezctors in the 100 Areas. Most of the facilities directly
associated with fael reprocessmg are now inactive and awaiting fina] disposition. Several waste
management facilities operate in the 200 Areas, including permanent waste disposal facilitios
such as the Environmental Restoration Disposal Facility, low-level radioactive waste burial
grounds, and a Resource Conservation and Recovery Act of 1976 (RCRA) permitted mixed
waste trench. Construction of tank waste treatment facilities in the 200 Areas began in 2002, and
the 200 Areas are the planned disposal location for the vitrified low-activity tank wastes.
Past-practice disposal sites in the 200 Areas are being evaluated for remediation and are likely to
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include institutional eontrols (e.g., deed restrictions or covenants) as part of the selected remedy.
Other Federal agencies, such as the U.S. Department of the Navy, also use the Hanford Site

200 Areas nuclear waste treatment, storage, and/or disposal (TSD) facilities. A commercial
low-level radioactive waste disposal facility, operated by US Ecology, Inc., currently operates on
a portion ofa tract in the 200 Areas:jeased to the State of Washmgton

The U.S. Department of Energy (DOE) selected 1and uses for the areas associatcd with the
200-CS-1 Operable Unit (OU) waste sites, documented through the land-use ROD

(64 FR 61615, “Record of Decision: Hanford Comprehensive Land-Use Plan Environmental
Impact Statement [HCP EIS)]),” (ROD) are industrial (exclusive) for sites located within the
exclusive-use boundary (Core Zone) and conservation (mining) for sites outside the boundary.
For purposes of this FS, the 216-A-29 Ditch, 216-B-63 Trench, and 216-5-10 Ditch are
considered to be located inside the Core Zone boundary The 216-S-10 and 11 Ponds are
outside the Core Zone boundary. . = _ _

According’ to DOE!RL-OZZZ-F Final Hanford Comprekefzswe Land— Use Plan Envzronmental
Impact Statement) (HCP), mdustnal (excluswe) land use would preserve DOE control of the
continning remediation activities and would use the existing compatible mﬁ-astructure required
to support activities such as dangerous waste, radicactive waste, and mixed waste TSD failities.
The DOE and its contractors, and the U.S. Department of Defense and its contractors, could
continue their Federal waste disposal missions; and the Northwest Low-Level Radioactive Waste
Compact could contimue using the US Ecology, Inc., site for commercial radioactive waste.
Research supportxng the dangerous waste, radioactive waste, and mixed waste TSD facilities also
would be encouraged within this land-use designation. New uses of radioactive materials, such
as food irradiation, could be developed, and the products could be packaged for oommermal
distribution bere under this land-use dwgnatlon :

The conservation (mmmg) land use would enable the extraction of valuable near-sirface
geologic resources to support implementation of remedial actions (i.e., sutface barriers) at some
locations-on the Hanford Site after obtaining National Environmental Pohcy Act of 1969
(NEPA), RCRA, or Comprehensive Environmental Response, Compensation, and Liability Act
of 1980 (CERCLAY), approval to protect NEPA-sensitive (e.g. biologic, geologic, historic, or
cultural) resources. The Hanford Site has no proven reserve of any metallic ore bodies;
therefore, heap/leach or open-pit mining methods would not be applicable. In addition, the HCP
indicates that a notice of deed restriction would be placed in those areas where vadose zone
contamination remained in place, according to a CERCLA ROD or RCRA closure permit,
foreclosing the mining option. The HCP anticipates mmmg only for materials needed to build
surface barriers as part of remedial actions and that mining would be precluded from
contamma.ted afeas. The conservation (mmmg) land use would afford protection of nattiral
TESOUTCes; however other compatlble uses, such as recreation or nonmtruswe envxronmentai
research actlwtles, also would be allowed, provided these activities are consistent with the
purpose of the conservation land-use designation. Conse:rvatlon would requlre active
management practices to enhance or maintain the existing resources and to minimize or
eliminate undesirable or non-native species.

The ROD (64 FR 61615) identifies conservation (mining) as an area reserved for the
management and protection of archedlogi_cal, cultural; ecological, and natural resonrces. Limited
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and menaged mining {(e.g., quarrying for sand, gravel, basalt, and topsoil for governmental
purposes only) could occur as a special use (i.e., a permit[issued by the DOE Reality Officer]
would be required) within appropriate areas. Lmuted pubhc access would be consistent with
resource conservation. The ROD a}so mdlcates that mlmng would be restricted fiom
contaminated areas. : :

3.1.2 Axnticipated Future Land Use

The reasonably anticipated future land use for the core zone is continned industrial (exclusive)
activities. The reasonably anticipated land use for the areas outside the Core Zone is .
conservation (mining). The DOE worked for several years with cooperating agencies and
stakeholders to define land-use goals for the Hanford Site and develop future land-use plans
(Crummond 1992, The Future for Hanford: Uses and Cleanup, The Final Report of the Hanford
Future Site Uses Working Group). The cooperating agencies and stakeholders included the U.S.
Department of the Interior, Tribal Nations, states of Washington and Oregon, local county and
city governments, economic and business developrent interests, environmental groups, and
agncmnnrai interests. These efforts were initially reported by Drummond (1992) and culminated
in the HCP and assoc1ated ROD (64 FR 61615) Whlch Were 1ssued n 1999

"he Future: Slte Uses Workmg Group WaSs nrgamzed by Federa} tnbal, stajte, and kapca.i .
governments with jurisdictional interests in the. Hanford Site.: The Working Group was charged
with three re]lated msks as follows

s To examme the Hanford Szte and 1dent1fy & mnge of potenhal future uses for the Site

® To se 1ec1: appmpnate clea.nup scenarios necessary to make these ﬁltuxe tises possxble in
iight of potennal exposure to contamination, if any, after cleanup

o To pmbe for convergences among the Greup s clcanup scenarios for any pnont:es or
criteria which could prove useful in ﬁocasmg or sonductmg the cleamzp ofthe
Hanford Site. 2 ~ 8 e

The Workmg Gmup agreed to seven findings from then' acnvmes

s The Hanferd Site is mpertam The Hanf@rd Sﬁe has played. a mgmﬁcant role in hnstory
and continues to be of major economic influence to the area; cleanup efforts at the Site,
inchiding techmslogy research, may benefit other DOE sites and environmental.
restoration activities worldwide. Plausible fizture uses identified include: egriculture;
industrial and economic development; wildlife and habitat preserves; environmental
restoration and waste management activities; public access and recreation; and Native
Amancan uses: such-as hlmtmg, gathenng, and rehgmms practices. -

® Cleanup is now DOE’s pnma.ry mission at !;he Hanfm‘d Site — As the mlsswn 2t the Site
transitions from nuclear materials production to support national defense to
environmental restoration of the area, new challenges emerge for the DOE in the conduct
of business, involvement of the public, and accountability for its actions. The Working
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Group emphasized gettmg on wrth the cleanup and maxumzmg the Hanford Site’s
potential. - _

The Hanford-S-ite will change as-oleanup proceeds — The Working Group envisioned a -
shrinking area requiring DOE control as the cleanup proceeds and that portions of the site
can be turned over to other users once those portions are no longer needed to support
DOE’s mission.

Both cleanup and future land uses face significant constraints — Volumes and variety of
contaminants-and the associated risks pose constraints to the ultimate cleanup, as does the
current state of technologies to address these problems Fundmg also was identified as a
oonstramt o the tlme]mess of the cleanup - :

Natlve Amem:an treaty nghts emst Treaties st gned with the Yakama Indian Natlon, the
Nez Perce Tribe, and the Umatilla, Cayuse, and Walla Walla tribes reserved specific
rights to the tribes, including those related to hunting, fishing, gathering foods and
medicines, and pasturing hvostock on open and unclam:red por‘aons of'the ceded land, in
common with cmzerxs

Uncertainty and risk surround the cleanup The current unoertamty about the extent of
contamination-and the ability of available technologies to address the contamination
produce resulting uncertainties in the future land use. .

Time is a critical element in focusing the cleanup — The Working Group e}rpressed a

desire that all the Hanford Site someday could be used foruses other than waste:

management, but also recognized that technical constraints may impact the i:z.mmg of the
ultimate cleanup. and the potentral future uses.

The Workmg Group 1dent1ﬂed nine maj or recommendauons asa result of the1r efforts

o

Protect the Columbla Raver Because: of the 31gm_ﬁcance of the Colmnbla River to the
region and the Pacific Northwest, protection of the river and all of its uses is viewed as a
high priority.

Deal realistically and forceﬁllly with groundwater contamination — Comammated
groundwater is-seen as a threat to the Columbia River and to potential future: land uses.

Sl

" The Working Group recommended restrictions-on the use of groundwater if it would

jeopardize public safety and health. They-also recommended restrictions on the use of
groundwater or surface water, contaminated or not, if such use would adversely change
hydraulic conditions, increase the spread of contaminated plumes, or increase the speed
of conitaminated groundwater flow to the river. The Group identified areas where
restrictions should be applied and recommended removal of sources before they reach
groundwater, reducing or eliminated discharges to the soﬂ and treatment of the
groundwater

34
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Use the Central Plateau wisely for waste management — The Group recommended
consolidation of Hanford Site wastes to the Central Plateau in as small an area as possible
and waste disposed here should not necessarily be considered permanent disposal. They
recommended a buffer zone to reduce risks emanating from the waste management area.

Do no harm during cleanup or with new development — The Working Group recognized
that the primary cleanup goal is the protection of human health and public safety, but also
noted that environmental values of the site are to be protecied and restored. Decisions
made on the course of the cleanup and future uses should support these goals and result in
decreased risks to public heaith and net benefits to the environment, Activities should be
guided by the principie “do no harm.” Cleanup and future development should be
conaucteu to minimize impacts on plants and ammals

Cleanup of areas of high future use value is important ~ While the Group supports the
cleanup priorities (i.e., current threats to public health or the environment, risk of
catastrophic exposure, and technical feasibility) identified by the DOE and the regulators,
they also believe that areas of high future use value should be candidates for priority
cleanup. They recommended the following areas: the Columbia River corridor, the
southeast corner of the Hanford Site, areas north of the river, the Fitzner-Eberhardt Arid
Lands Ecology Reserve, and the western and northwestern portions of the areas outside
the nver corridor and the 200 Areas,

Cleanup to the level necessary to enable the future use option to oceur — The Working
Group believed that “unrestricted” status would support all future use options but
believed that not all areas would need fo be cleaned {o unrestricted levels. In fact, the -
Group believed that in some cases, cleanup to unrestricted levels would cause more harm
than good. They identified cleanup to levels that would be “clean enough for industry™ in
part of the southeast comer of the Site and “clean enough for wildlife” in all other areas
{those aress ouf:s:de the river corridor and the 200 Areas)

‘Transport waste safely and be prepared ~ The Group reccgmzad that the management and -

cleanup of waste at the Hanford Site will require shipment of thess wastes. They
believed that these shipments affect the public and that close cooperation between the
DOE and affected communities should be maintained. The Group endorsed preparedness
through regulatory means and the use of the Hazardous Materials Management and

Emergency Response training facility. -

Capture economic development opportunities locally — The Working Group urged the -
DOE and its contractors to help create the potential for meaningfisl sconomic
development during cleanup, both on and off site.

Involve the public in future decisions about the Hanford Site — Public involvement should
be incorporated in future decision making at the Site. :
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The HCP was written to address the growing need for a comprehensive, long-term approach to
planning and development on the Hanford Site because of the DOE’s separate missions of
environmental restoration, waste management, and science and technology. The HCP analyzes
the potential environmental impacts of alternative land-use plans. for the Hanford Site and
considers the land-use implication of ongoing and proposed activities. In the HCP, the 1and-—use
designation for sites. IBSIde the Core Zone is as foucws

e Industrial (Excluswe) Areas suitable and desirable for TSD of hazardous, dangerous,
rad:oactlve and nonradmactwe wastes, and related activities.

For the ZOO-CS 1 OU sites out51de the Core Zone, the land-use des1gnat10n is as follows:

» Conservation (Mining) — An area reserved for the management and protectioﬁ o'f
archeological, cultural, ecological, -and natural resources.

Under the preferred land-use altematlve selected in: the ROD (64 FR 61615), the area inside the
Core Zone of the Central Plateau was demgnated for industrial (exclusive) use. The current
vision for all of the 200 Areas is that it will continue to be used for the TSD of hazardous,
dangerous, radioactive, and nonradioactive wastes. The HCP and ROD. incorporate ﬂus vision in
their selected alternative, describe the means by which new projects will be sited, and focus on
using existing infrastructure and developed areas of the Hanford Site for new projects. To
support the current vision, the 200 Areas projects will maintain current facilities for continuing
missions, remediate soil waste sites and groundwater to support industrial land uses, lease
facilities for waste disposal (US Ecology, Inc.), and demolish facilities that have no firther
beneficial use. Based on the HCP and associated ROD, and consistent with other Hanford Site
waste management decisions, this FS report assumes an industrial (excluswe) 1and use for all the
waste sites mthm the Core Zone. - :

Under the preferred land—use alternative selected in the ROD (64 FR 61615}, the area outside the
Core Zone of the Central Plateau was designated for other activities. For the sites in the study
area, the land use was designated as conservation (mining). This would include restrictions
against intriisive hurnan activities but would allow recreational use (e.g., hiking, biking, hunting,
and bird watching where a receptor spends only a small fraction of time.in actual proximity to
the contaminated areas) of the surface areas, Resiricted use (e.g., recreation or waste .
management) means, that surface use of the waste sites could occur, but subsurface activities
such as excavation, well drilling, and farming would be restricted to preclude contact with or
disturbance of contaminated soils. These activities could occur around the waste sites, but not
on the waste:sites. Based on the risk framework workshops, groundwater use outside the Core
Zone also would be restricted until remediation efforts result in meeting: greundWater cleanup
standards. At that point, unrestricted groundwater use would be assumed. ST

To date, the conservation (mining) land use has not been represented by a specific risk
assessment model. As a conservative estimate, this FS uses the industrial-exposure scenario to
evaluate the conservation {mining) land use, under the assumption that a person using the area
for recreation would spend less time there than a worker spending the majority of the yearon a
site. However, through the risk framework workshops (Klein et al. 2002), the DOE agreed to
evaluate other scenarios as a means fo provide decision makers and stakehoiders with additional
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information for comparison purposes. Both a residential and a recreational scenario were:
evatuated and included as sensitivity dlscusmons to the risk assessment and alternative evaluation
discussions: For ]purposes of the remedial investigation baseline risk assessment (RT BRA),
tuman heakth COPCs were identified employmg industrial-use screening values. Tn addition, a
preliminary assessment of a Tribal scenario also was conducted as supporting information. This -
i8 (hscussed in: grsai_er detaﬁ_m the risk assessment In Appendix B.

3.1.3 Regmnai Land Use :

Commmtnes in the jreglon of the Hanfard Sﬁe consist of the mcerpurated cities of Rmhiatm,
West: Rlch},and, Kem}ewmk, and Pasco aswell as smomdmg commiynities wtthm B...nizon and
Franiiin Counties. The estimated populanon of the region in 2000 was 186,600, with the .
population of Benton County being 140,700 and the populaﬁom of Franklin County being 45,900.
There are no residences on the Hanford Site. The nearest inhabited residences to the 200 Areas
ars farmshouses on land appmxmately 16 km {10 mi) north across the Columbia River. -The City
of Richland corporate boundary is approximately 27 km (17 mi) to the south (PNL-6415
ngﬁmi S;ze Naxzml Enmraﬂmental Paizsy Act {NEPA L} Chamctenmﬁon} &

The HC? mdxcates Ihat con{tamaimn in the gramzd“waﬂ:er would restnct its use. Gmundwater in
the 200 Areas currently is contaminated and is not withdrawn fm' beneficial uses. However,
Washmgioﬂ Stabe cieanup regulamns deﬁne graundwater as a “pﬂtﬁltiai future sauwe ef

Code TWAC]173- 340-?20{&][21]), “Grmmd Water C}ea.nup Standards Based on ihese technical
standerds, groundwater underlying the 200 Areas meets the techmical definition of a drinking
water source. In addition, groundwater underiying the 200 Areas is hydranlically-connected to
groundwater systems that currently are used for drinking water and irrigation and ultimately

discharges to'the Columbia River, Discussions are nnder way: regarding cleanup Jevels and

potemaal pmﬂts of camphance relative to the 200 Area gro:mdwatcr, with the Imﬁta]l goal of
ensuring no unacceptable migration of contaminants from the 200 Areas. ‘Pending the
cenciu&on @f thﬁse dlsmssmns, ﬂns FS evaiuates potcntiai futmre mpacts to gmlmdwater from

3.1.5 %Efsléﬁi‘ lmd’mstrnaiCieanﬂp 'Sta%.mdéards Under
W, A‘C 173-340

WAC 173-340, “Model Toxics Control Act — Cleazmp * establishes criteria thai mustbe
addressed to qualify to use the industrial soil cleanup standards identified in WAC 173-340-745,
“Soil Cleanup Standards for Industrial Preperhes * Although certain of these criteria may be
primarily administrative in nature {e.g,, compliance with the administrative reqmzemen‘is of the
Washington State Growth Management Act TRCW 36.70A, “Counties,” “Growth Management —
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Planning by Selected Countiesand Cities”]) and therefore are not invoked for CERCLA onsite
actions, several substantive criteria are prerequisite to selecting industrial standards.

WAC 173-340 provisions also acknowledge that local governments may use terms other than
“ndustrial” for zoning purposes, but that such properties stﬂl may quahfy as “mdustﬂa}.
property” under WAC 173-340- 745(1)(13)(1)

In spite of the U.S. Department of Energy, Rxchland Operauons Ofﬁce posmon that cherai
facilities such as the Hanford Site are technically not subject to city and county zoning authority,
Benton County and the City of Richland have performed land-use planning for the Hanford Site
as part of their input and recommendations to the HCP (DOE/EIS-0222-F) and ROD

(64 FR 61615). Their recommendations emphasize the economic development potential of the
Hanford Site: The 200 Areas are identified for waste dlsposal and management comstmt with
an mdustnal (excluswe) land use. -

WAC 17 3-34(}—745(1)(a)(1) ldentlﬁes the following spemﬁc characteristics to be cons1dcred m-
detemumng Whether a property quahﬁes as mdustnal

* Paople would not-live on property with an mdusmal (exc}uswe) land—use deszgnatmn
The primary potential exposure is to adult waste management workers located on the
industrial property.

» Access to industrial property by the general public is generally not allowed. If access is
' allowed, it 1s hlghly lmuted and cantrolied because of safety or security cons1derat10ns

s Feod would not be grown/raised on preperly w1th an industrial. (excluswe) land-use
des1gnataon

. Operat;ons at mdnstnal pmparhes are oﬁen (but not always) charactenzed by the use and
stcrage of chem;cals, 110156, odors, and tmck traffic. :

s The snrface of the land at mdusmal propemes is. oﬁen (but not always) covered by
buildings or other structures, paved parking lots, paved access roads, and material storage
areas, minimizing potential exposure to the sml

. Industnal propertles may have. support facﬂltles cons1stmg of offices, restaur&nts and
other facilities that are commercial in nature but that are primarily devoted to
. adxmmstratlvc functions necessary for the industrial use and/or are primarily intended to
serve the industrial facility employees and not the general public.

The property within the 200 Areas satisfies all of these criteria and hence meets all the
substantive requirements associated with industrial land use as described in WAC 173-340.
3.2 CONTAMINANTS OF POTENTIAL

CONCERN
Contaminants that have the potential to contribute significantly to site risk are referred to as

COPCs. Identification of COPCs is an important process because it determines the list of
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chemicals for which PRGs will be developed. Development of COPCs in the data evaluation
and risk assessment process is discussed in EPA/540/1-89/002, Risk Assessment Guidance for
Superfund (RAGS), Volume I - Human Health Evaluation Manual, (Part A) Interim Final,
OSWER 9285.7-01A, and in DOE/RL-91-45, Hanford Site Baseline Risk Assessment '
Methodology. Those contaminants that are COPCs are determined by comparing contaminant
concentrations with background, developing a set-of data for use in risk assessment, and (if
appropriate) limiting the number of contaminants to be carried through a risk assessment by
risk-based screeming or other methods. The evaluation of COPCs is presented in the BRA, and
reevaluated in Chapter 2.0 of this report, on a site-by-site basis. Based on the analysis in
Chapter 2.0, COPCs for the FS include the following.

» The soil constituent that could affect groundwater is nitrate/nitrite {as N).

o The soils that could affect ecological receptors are silver, selenium, and Aroclor 1254,
These COPCs, and the conditions under which they need to be addressed, are discussed
in Sectlon 3 4

s ARARS.
The ARARs for the 200-CS-1 sites are identified in Appendix A.

3.3 REMEDIAL ACTION OBJECTIVES

The RA@S are general descnpuons of what the remedial action is expccted to accomphsh
(i.¢., medium-specific or site-specific goals for protecting human health and the environment).
They are defined &s specifically as possible and usually address the following variables:

o Mediaof interest (c.g., contaminated soil, solid waste)

= Types of contaminants (e.g., radionuclides, inorganic and organic chemicals)
s> Potential receptors (e.g., bumans, animals, plants)

» Possible exposure palﬂmraj;s (e.g., external radiation, mgéstioxi)

s Levels of residnal contaminants that may remain following remediation (i.e., contaminant
levels below cleanup standards or below a range of levels for different exposure routes).



Ao U W [

o

9
10
11
12
13
14
15
16
17
18

19
20
21

22
23
24

25

26
27
28

29
30
31

32
33
34

35
36

3.31

DOE/RL-2005-63 DRAFT A

Summary of Risk-Based Issues for the
Feasibility Study -

Chapter 2.0 of this FS summarized the original BRA findings and described the extended and
refined analysis using conventional risk analysis techniques. The extended analysis was done in
order to clarify the original BRA findings, which were generated using screening-level
techniques. Based on the extended analysis, the revised R1 BRA indicates that the FS should
address several risk-based issues, which are sumnmarized in Table 3-1 and are detailed as follows:

-

At the 216-A-29 Ditch

Nitrate/nitrite (as N) has the potential to migrate through the vadose zone and affect
groundwater resulting in concentrations just exceeding Federal drinking water standards.
An alternate fate and transport model predicted a maximum groundwater concentration of
14 mg/L; the Federal drinking water quality standard is. 10 mg/L. This impact wounld
occur in approximately 785 years. The groundwater is not currently used for
consumption, nor is it anticipated that it will be used for consumption in the future. The
forecasted impact did not consider the degradation process in the fate and transport model
and it is possible that over the period of hundreds of years, natural attenuation processes
could significantly degrade nitrate/nitrite in'the soil column and the predicted mpacts in
approximately year 2800 might never actually occur,

Selenium and silver may pose some threat fo ecological receptors, based on 952 upper
confidence level (95%UCL) concentrations that exceed industrial ecological screemng
conccmmtmns The elevated concentrations are restricted to localized hot spots

Aroclor 1254 was reportedat 9.400 pg'kg in a single sample from one hot spot location.
Based on the comparison of this concentration to the industrial ecological screening
concentration (650 ng'kg), there is a concern that wildlife exposed to soils at this location
may be at risk for adverse effects.

At the 216-B-63 Trench

There are no risk-based issues associated with the 216-B-63 Trench.

At the 216-S-10 Ditch ‘ |

Thres constituents (total chromium, silver, and Atoclor 1254) may pose some threat to
ecological receptors due to slightly elevated soi! concentrations. However, the threat is
localized to the discrete location at SB-2.

At the 216-S-10 Pond

There are no risk-based issues associated with the 216-S-10 Pond.

Additionally, the extended analysis determined that none of the four representative sites is highly
contaminated. Contamination is not widespread, concentrations are not particularly elevated,
and concentrations that are elevated are often found localized in hot spots. Significant portions
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of the sites are not affected or exhibit constituent concentrations comparable to background.
Many of the areas where elevated concentrations were detected are actually well beneath the
ground surface. While the BRA protocol requires that, conceptually, ali soils to a depth of 4.6 m
(15 fi) must be taken care of as though they are on the surface, the practical reality that
constituents are many feet below the surface does greatly mollify their material threat.

Based on these findings, RAOs will be developed to provide a basis for evaluating the capability
of a specific remedial alternative to achieve compliance with ARARs and/or an intended level of
risk protection for human health or the environment. The RAOs specific ta the 200 Areas for
soils, solid wastes, and groundwater were developed in the Implementation Plan, Section 5.3
(DOE/RL-98-28). Specific RAOs for this FS were defined based on the fate and transport of
comtaminants, projected land uses for the 200 Area, and the 200-CS-1 OU conceptual exposure

- meodel.

3.3.2 Remedial Action Objectives
The RAOs identified for the 200-CS-1 OU are as follows:

¢« RAQC I —Prevent unacceptable risk to ecological recepiors by exposure io
nonradiological constituents in soils and debris at concentrations above the industrial use
criteria, as defined in WAC 173-340-745(5), “Soil Cleanup Sa'andards for Im.ustnal
Properties,” “Method C Industrial Soil Cleanup Leveis ”

e RAQ 2 — Provide cleanup protective for ecological receptors by protecting ecological
receptors based on a dose rate limit of 0.1 rad/day for terrestrial wildlife populations
(DOEB-STD-1153-2002, 4 Graded Approach for Evaluating Radiation Doses to Aquatic
and Terresirial Biota, which is a To Be Considered criteria).

RAO 3! — Prevent migration of contaminants through the soil cohumn to groundwater or
reduce soil concéntrations below WAC 173-340-747, “Deriving Soil Concentrations for
Ground Water Protection,” groundwater protection criteria so that no further degradation
of the groundwater results from contaminant leaching from 200-CS-1 OU waste sites and
so that the Columbia River is protected _

> RAQ 4 —Prevent adverse impacts to cultural resources and threatened or endangered
species and minimize wﬂdllfe habitat disruption,

"NOTE: Pmiéc_tion of the Columbia River is achieved through protection of the groundwater. The 200.East and
West Ares is about 8 km {5 mi} from the Columbia River, and there is no surface water in the immediate vicinity of
the 200-CS-1 waste siies

3-11



U

~] O Lh

10
11

12

13
14

15
16

17 .

18
19

20
21
22
23

24

25
26
27
28
29

30
31
32
33
34
35

DOE/RL-2005-63 DRAFT A

The RAOs will be finalized in the ROD forthe OUs. Achievement of the RAOs will be
described in the remedial design report/remedial action work plan to be prepared afier the ROD
is approved. For the purposes of this FS , RAO 1 is assumed to be achieved for ecological
receptors, when: : o -

» Exposure of écdiogical receptors to wastes or soil contaminated with nonradiological
constituents will be prevented or reduced so that the hazard quotient and hazard index do
not exceed 1 or o : : : -

o Waste is 4.6 m (15 ft) or more below the groﬁnd-surfacc.
RAO 2 is safisfied if the following conditions are met:

» Terrestrial animal exposure rates do not exceed 0.1 rad/day
s Aquatic organisms and terrestrial plants exposure rates do not exceed 1.0 rad/day

RAO 3 is satisfied if the following conditions are met:

» Soil concentrations are below WAC 173-340-747, “Deriving Soil Concentrations for
Ground Water Protection,” groundwater protection methods.or

. .T_he 'ﬂu_x oﬁ-cqntaminailté into groundwater does not cause groundwater concenﬁ'aﬁons to
exceed maximum confaminant levels or : =

o The flux of contaminants into groundwater is reduced or climinated, based ona

. decreasing trend in the difference between the concentration of contaminants in -

up-gradient and down-gradient wells,

RAO 4 will be achieved by meeting RAOs 1, 2, and 3 in additional to implementing existing
Hanford Site standards for protection of cultural resources, wildlife habitat, and industrial
workers; and by continuing to enforce existing institutional controls and monitoring.
requirements. : A _ ' -

34 PRELIMINARY REMEDIATION.GOALS

The PRGs are based on attainment of acceptable levels of human health and ecologicai risk.
Typically, PRGs are identified for individual hazardous substances. If multiple contaminants are
present at a site, the suitability of using individual PRGs as final cleanup values protective of
human health and the environment is evaluated based on site-specific information and the
potential for contaminant interaction.

Meeting these PRGs and the ARARs and, by extension, achieving RAQs, can be accomplished
by reducing concentrations (or activities) of contaminants to remediation goal levels or by
eliminating potential exposure pathways/routes. Contaminant-specific, numeric soil and
particulate PRGs for direct exposure and protection of groundwater and the Columbia River are
typically presented as concentrations (milligrams per kilogram or milligrams per cubic meter) or
activities (picocuries per gram), réspectively. Final remedial action goals developed from the
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PRGs will be specified in a ROD that identifies the selected remedial alternative for the
200-CS-1 OU waste sites.

Residual risks after remediation of the waste sites is complete must meet the 10%t0 10
CERCLA risk range for radiological and nonradiclogical chemical constituents and must be
helow a hazard index of 1.0 for noncarcinogens. Actual soil contaminant concentrations
achieving these cleanup objectives would be presented in a cleanup verification package for the
facility. The cleanup verification package would demonstrate how and where specific criteria
have been applied and how the remedy is protective for all COPCs identified for the waste sites.

3.4.1 Direct Exposure Preliminary Remediation Gozls
for Nonradicactive Contaminants

As indicated in Table 3-1, there are no direct-exposure PRGs for nonradiowctivé contﬁminaﬁon
for himans; however, PRGs scological receptors will be described in the following subsections.

3.4.1.1 Ecological Exposure

Mary of the study area waste sites are within the industrial area identified in the HCP
(DOE/BIS-0222-F) and within the area designated by the HCP and ROD as industial (exclusive)
(64 FR 61615). The industrial-exclusive land-use designation allows for continued waste
menagement operations within the 200 Areas consistent with past NEPA, CERCLA, and RCRA
commritments and, among other things, will allow for the development of new waste
manageraent facilities. Sites within the Core Zone currently have limited habitat suitable for the
establishment of ecological communities and establishment of food webs with & hierarchy of
terrestrial receptors. Maintenance of the industrial (exclusive) use will prevent future -~
inhabitation by biota. However, cleanup to industrial land-use standards may not continue to be
protective of ecological receptors after lapse of institutional controls. The terrestrial ecological
evaluation procedures from the revised WAC 173-340-7492, “Simplified Terrestrial Ecological
Evaluation Procedures” (amended February 12, 2001) and a baseline ecological risk assessment
have baen used to develop soil cleanup-level PRGs for the protection of terrestrial ecology.

The revised WAC 173-340 provides cleanup standards for the protection of terrestrial plants and
amimals. WAC 173-340-7490, “Terrestrial Ecological Evaluation Procedures,” specifies that for
industrial properties, the potential for exposure fo soil contamination need only be evaluated for
terrestrial wildlife protection. ' Plants and soil biota need not be considered uniess thers are
spacies that are protected under the Federal Endangered Species Act of 1973 oz soil
contamination is located on an areaof an industrial or commercial property where vegetation
must be maintained to comply with local government land-use regulations. Forsites with
institutional controls to prevent excavation of deeper soil, a conditional point of conpliance may
be set 2t the biologically active soil zone, which is assimed to extend to a depthof 2.7 m (§ )
(DOE/RL-2001-06, Comments on Hanford 2012: Accelerating Cleanup and Shvinking the Site,
Teble 2-2). Simplified terrestrial ecological evaluation procedures are provided in

WAC 173-340-7492 to identify sites that do not have a substantial potential for posing a threat of
significent adverse effects to terrestrial ecological receptors. - Priority chemicals of ecological
concern and their soil screening levels are listed in WAC 137-340-900, “Tables,” Tabie 749-3.
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These soil-screening levels were used in conjunction with the risk assessment to develop PRGs
protective of ecological receptors.

Because several of the waste sites being considered in this FS are outside the Core Zone, the
revised WAC 173-340 requirements for plants and soil biota are considered. These waste sites
are designated as conservation (mining), which includes an element of preservation of natural
resources. Therefore, a more conservative analysis of the WAC 173-340 requirements is
considered appropriate. A baseline ecological risk assessment was conducted to support the
evaluation of potential risks to ecological receptors for the representative sites. Table 3-2 lists
the nonradiological soil PRGs for impacts to groundwater and ecological exposure; their basis is
described in Table 3-3.

3.4.2 Direct Exposure Remediation Goals for
Radionuclides

The PRGs for direct exposure to radionuclides for ecolo gicﬁl rcceptofs are described in the
following subsection. As indicated in Table 3-1, there are no direct human exposures to
radionuclides

34.21 Ecologxcal Exposure

Ecology and US. Envxronmental Protection Agency guidance for ecolog;lca.l nsk assessment do
not address radionuclides; therefore, the potential effects of surface residual contamination on
terrestrial receptors are evaluated using the terrestrial radionuclide screening levels presented in
DOE/STD-1153-2002 developed by the Biota Dose Assessment Committes. The Biota Dose
Assessment Committee has been assisting the DOE in developing this technical standard, which
provides a.graded approach for evaluating radiation doses to biota. The technical standard .
provides a cost-effective, easy-to-implement methodology that can be used for demonstrating
compliance with DOE dose limits and with findings of the International Atomic-Energy Agency
and National Council on Radiation Protection and Measurements regarding doses below which
deleterious effects on populations of aquatic and terrestrial organisms have not been observed.
The technical standard also can be used for assessing ecologlcal effects of radlologlcal exposure
when conducting ecological risk assessments. :

The DOE’S graded approach for evaluating radiation doses to biota consists of a three—step
process that is: de&gned to guide a user from an initial; conservative general screening to a more
rigorous analysis using site-specific inforration (if needed) and is consistent with the sight-step
the U.S. Environmental Protection Agenoy approach for conducting ecological risk assessments.
The DOE recommends a three-step process that includes (1) assembling radionuclide
concentration data and knowledge of sources, receptors, and routes of exposure for the zrea to be
evaluated; (2) applying a general screening methodology that provides limiting radionuclide
concentration values (i.e., biota concentration guides [BCG]) in soil, sediment, and water; and
(3) if needed, conductmg arisk evaluation through site-specific screening, site-specific apalysis,
or an actual site-specific biota dose assessment conducted within an ecological risk framework,
similar to that recotamended by EPA/630/R-95/002F, Guidelines for Ecological Risk
Assessment. Any of the steps within the graded approach may be used at any time, but the
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general screening methodology is usually 'thﬁ smlpiest most cost-effecﬁve and least
ﬁme—consu:nmg process

The BCGs contamed in the techmcai standard gmdemce include conservative screemng
concentrations that-are }udged to be protective of the most sensitive terrestrial organisms,
assuming a dose of 0.1 ra,d/day Each radmmzchd&sg)emﬁc BCG represents the limiting
radionuclide coricentration in environmental media‘(i.e., soil, sediment, or water) that would not
exceed DOE’s established or recommended dose standards for biota protection: Therefore, soil
concenfrations that are less than the BCGs are not considered to pose a threat to terrestrial
receptors. '

3.4.3 Remediation Goals for the Protection of
Gmumdwater and Surjface W:ater .

Remediation goals for the protecﬁ@n of groundwatcr and surface water must address both
contamination reaching the groundwater and surface water and contamination remaining in the
ground after remediation (i.e., residual com:ammatmn) The remediation goals must consider
cicanup standards where contamination may have contacted groundwater and cleanup standards
for residual contamination that may migrate through the vadose zone to groundwater. Residual
vadose zone contamination must be below activities or concentrations that could cause
groundwater or surface water tc exceed protective levels, should contaminant migration occur.
The following subsections present remediation goals for groundwater and for residual

' contamination in the vadose zone, and 2 discussion of the achzevement of these

remediation goals.

3.4.3.1 Nmraeimnuchde Preliminary Remediation Goals for the Pruteetmn af
Gmwmdwater and Surface Water

The PRGs for nomadmnuchdes in the Vadese zone that are protective of groundwater and the
Columbia River are developed from ARARSs and published cleanup standards. Soil
concentrations pro’tectlve of groundwater are established by a;:plymg the revised WAC 173-340

higher conti concentratlon is protective of groundwater (WAC 173-340- 747[33[6]
“Deriving Soil Concentrations for Ground Water Protection,” “Overview of Methods,”
“Alternative Fate and Transport Models”). Calculated values of soil concentrations protectwe of
groundwater originally were obtained from Ecology 94-145, Cleanup Levels and Risk
Calculations under the Model Toxics Control Act Cleanup Regulation; CLARC, Version 3.1.
PRGs for nonradmnuclzdes are mresented in Table 3-2

As d1scussed in Chapter 2.0 of ﬂ]lS FS, groundwater threats were mitially assessed using the
approach described in WAC 173-340. However, evaluation was extended and refined to employ
site- and chemical-specific information as inputs into a widely recognized vadose zone leaching

? Terrestrial plant species are assurned to be protected at sites containing a dose of up to 1 rad/, day-
(DOE/STD-1153-2002).
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and transport model, SESOIL (GSC 1998). SESOIL i a compartment mode] that computes the

mass movement of constituents from overlying strata to the underlying strata using infiltration,

~ water balance, and constituent partitioning algorithms. SESOIL helped clarify the groundwater

impacts assessment, over the use of WAC 173-340-747, Equation 747-1, by (1) using local

climatological data to drive the moisture flux, (2) incorporating the significant depth to-
groundwater that is intrinsic to the Hanford Site, and'(3) miegratmg constituent-migration and

attenuation over time. . Groundwater PRGs developed using SESOIL are provided in Table 32,

The SESOIL model is discussed in Chapter 2.0 and Appendix F.

An important aspect of the groundwater protection strategy that must be considered in any
evaluation of remedial alternatives is the temporal aspect of when concentrations may exceed
groundwater standards. Figure2-25 (216-A-29 Difch) Hllustrates that, because nitrate/nitrite is
treatedas a hlghly soluble constitute, it is predicted to migrate to groundwaier after
approximately 785 years. Modeling is inherent subject to uncertainties and the predlcauons .
shown in Figure 2-25 are approximate. The technique is widely used and is niormally governed
by guidance including EPA/540/R-99/009, Use of Monitored Natural Attenuation at Superfund
RCR4 Correctzve Actzon and Undergraund Storage Tank Sites November i 997 .

Standard Guzde for Remedzatzon of | Groundwater by Natural Attenuatzon at Pezroleum Eelease

Sites).
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Table 3-1. Summary of Risk-Based Issues for the Feasibility Study. -

, Direct Impacts to Ecological
Site Ezposure Groundwater Exposure Remark
216-A-29 Ditck | Nene Nitrate/nitrite as W Silver Groundwater impacts may accur
Selenium in the far distant future
Aroclor 1254 (785 years). The impact would
be minor exceedance of & '
drinking water standard. The
groundwater is not considered a
resource for:consumptive use.
‘Contamination affecting. _
ecological exposures is localized.
215-B-63 Trench | None None Neme No significant contarmination.
21&-58-10 Ditch None Nene Total chrominm - | Contamination affecting _
Silver -| ecological exposures is localized. |
Areclor 1254 ' _
215-S-10 Pond None None None No significant contamination..
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Table 3-2. 200-CS-1 Operable Unit Preliminary Remediation Goals.

Trapacts to Groundwater Ecological Exposure

Constituent Groun%;v:gt:tr (:I:;E)d fation (I;:Ig(f;l:gl) angtitu@? g;{g?lzng“) '
10 83* Selénium - 0.78

Nitrate/nitrite as N {Federal drinking water | |

standard)

- ‘Silver 2
) Aroclor 1254 =« i} 065"
Total chromiitm 1= 67

*Simulations of impacts to groundwatar suggest that there ma'y be a small exceedance of the Federal drinking water standard after 785 yeafé. -Tha SESOIL model used
to asscss groundwater impacts did not simulate degradation processes, which, over the course of hundreds of years eculd; significantly degrade nitrate/nitrite in the
soil cofumn. Consequently, the sxceedance predicted to occur in approximately year 2800 might never actually occur, On this basis, it is plavsible that

groundwater remedial action objectives can:be achieved without active remediation.
30l concentrations exceeding these PRGx are actually much localized. - '

See Table for 3-3 for the basis of these PRGs.

PRG = preliminary remediation goal. .
SESOIL = Seasonal Soil Compartment Model.
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Table 3-3. 200-CS-1 Basis of Preliminary Remediation Goals.
Vadose Zone Soil PRG Basis '

Nitrate/mitrite as N: 83 mgkg - The scil impacts to the groundwater PRG was developed using the

' glternative transport and fate model SESOIL in accordance with

WAC 173-340-747, as discussed in Chapter 2.0 snd Appendix F. The
technique involved adjusting the nitrate/nitrite scil source concentration
until a predicted groundwater concentration equaling the Federal drinking

of 10 mg/l. was obtained.
Selemium: (.78 mg'kg This PRG is based on background concentrations identified in
Ecology 94-115. C
Silver: 2.0 mglkg ‘ : Thesz FRGs are taken from WAC 173-340-7493, Table 749-3, Ecolegical

Aroclor 1254: 0.65 mg/ks Indieator Concentrations for Protection of Terrestrial Plant and Animals.

Total chremium: 67 mg/kg -

Ecology 94-145, Cleanup Levels and Risk Calculations under the Model Toxics Control Act Cleanup Regularion; CLARC,
Version 3.1. B '

WAC 173-340-747, “Deriving Soil Concentrations for Ground Water Protection.”

WAL 173-340-7493, “Site-Specific Terrestrial Ecological Evalvation Procedures.”

PRG = preliminery remediation goal.
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CHAPTER 4.0 TERMD

U.S. Department of Energy

Environmental Restoration Disposal Facility
gvapotranspiration

feasibility study

general response action

200 Areas Remedial Investigation/Feasibility Study
Implementation Plan ~ Environmental Restoration Program
(DOE/RL-98-28)

remedial action objective

Resource Conservation and Recovery Act of 1976

remedial investigation

waste materials contaminated with more than 100 nCi/g of
transuranic materials having half-lives longer than 20 years)
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46  IDENTIFICATION AND SCREENING OF REMEDIAL
TECHNOLOGIES

The 200 Arzas Remedial Investigation/Feasibility Study Implementation Plan — Environmental
Restoration Program (DOE/RL-98-28) (Implementation Pian) provided an initial framework to
guide the remedial investigations (RY) in the 200 Areas. The Implementation Plan identified and
screened technologies that could be used to address contaminants in the soil and solid waste in
the arid 200 Areas environment.

Since the Implementation Plan was issued, additional site characterization information was
obtained and RI report were prepared that presented the nature and extent of contamination and
the risk at the representative waste sites. This feasibility study (FS) uses representative sites
from DOE/RL-2004-17, Remedial Investigation Report for the 200-CS-1 Chemical Sewer Group
Operabie Unit. .

As part of this FS, additional human health risk assessments and screenmg—level eculoglcal risk
assessments were performed. The results are reported in Chapter 2.0 of this FS. Information
from the Implementation Plan and the RI report was reviewed against the results of the
screenmg-levei ecologmai msk assessments and human heaiﬁlwnsk assessments, a:nci reﬂnemems
was cendnctcd to gderztify new, emergmg technologass and 0 updaie mformatmn on sxmsnng
technclogles since the writing of the Implcmeatatwn Plan. Ifa technology wis. 1dem1fied and

- evaluated in the Implementanon Plan and no modifications to this evatiation have been ..

identified, then the technology is mentioned only briefly in thls section and the Implementauon
Planis rererred to for detmied mfonnaﬁan o
41 GENERAL RESPONSE ACTI@NS

The initial process of identifying viable remedial action altematwes is descnbed inthe
Implemema‘aon Plan (DOEJ‘RLQS —28) as conswtmg of the following steps '

i. Define remedial action obijectives (RAO).
2. Iéenﬁfy general response actions (GRA.) to sansfy RAOS
3. Iclentnfy potential technologies and process options associated wzth each GRAL

4. Screen process options to select a representative process fm‘ each t'ype of techno}.ogy
bas,,ﬁ on their effecnveness 1mplemen;ab1hty, and cost.- ' '

5. Assemble viable techn@logxes or process options retained in step 4 into aitemativ&s
representing a range of removal, reatment, containment, and institutional controls
opticns plus no action.
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Chapter 3.0 identified the RAOs for this FS. The Implementation Plan identified prehmmary
GRAs as follows:

No action

Institutional controls
Containment

Removal, treatment, and dlsposal
Ex situ treatment

In situ treatment.

e & @& © o B

These GRAs are intended to cover the range of options necessary to meet the RAOs.
Modifications to these GRAs were not necessary, based on the new information collected and
evaluated in the RI report (DOEIRL—ZGOAI- 17). Detailed descriptions of each GRA are included
in the Implcmentatlon Plan, y ‘ o

4.2 SCREENING AND IDENTIFICATION OF
TECHNOLOGIES

This section screens and identifies potentially viable technologies for the 200-CS-1 0U. ’I_'hc
initial identification and screening of remedial technologies described in Appendix D

* (Sections D5.0 to D5.6 and Table D-1) of the Implementatmn Plan (DOE/RL-98-28) are .- >

modified for this FS ‘based on the information obtained from the' ‘RI and the additional risk ¢ -

assessment pefformed t0 support this FS. The foilomng subsections summarize the tcchnology
screening conducted; discuss the screening of new technologuas identified since the creation of

the Tiplementation Plan; and discuss those technologies that are retained for the 200-CS-1 0U.

The technologies are discussed by GRA group. Table 4-1 represents 2 roadmap for technology

selection between the Implementation Plan and this FS.

Potentially applicable technology types and process options were identified and screened in the
Implementation Plan in accordance with Camprekenswe Environmental Response,
Compensation, and Liability Act of 1980 gvidance using effectiveness, implementability, and
relative cost as criteria to eliminate those options that are least feasible and to retain those
options that are considered most viable.

421 Rescreening of Implementation Plan Remedial
Technologies Based on Risk Assessment Results

Because the initial screening in the Implementation Plan was preliminary, and because additional
site-specific risk assessment and characterization information is available, the remedial
technologies presented in the Implementation Plan were rescreened for application to the
200-CS-1.0U. The following is a brief screemng discussion of the technologies and the results
of the refinements.
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4.2.3.1 N@ Actmn

The National Contmgency Pﬁan (46 CFR 300 “Nanonal Oil and chardous Substancps Pollutlon
Contingency Plan”) requires that 2 no-action alternative be evaluated as a baseline for
comparison with other alternatives, The no-action alternative represents a sifuation where no
restrictions, controls, or active remedial measures are applied to the site. The no-action
alternative implies a scenario of “walking away” from the site and taking no measures to monitor
or control contamination. The no-action alternative requires that a site pose no unacceptable
threat to human health and the environment.. The no-action alternative was retained in the
Explementation Plan for the 200-CS-1 OU and is carried forward in this FS.

4.2.1.2 Institutional Contrels

Institutional controls consist of (1) physical and/or legal barriers to prevent access'to -
contaminants, (2) monitoring of the:groundwater and/or the vadose zone, and (3) maintaining
existing soil cover. Institutional controls usuaily are required when contaminants remain in place
af concentrations above cleanup levels; the controls likely will be a camponeﬁt of the remedial
alternatives.

Fhysical me&hods of controlling access to waste sites are access controls, which 1ﬁclude signs,
fences, and entry control, artificial or natural barriers, and active survefllance. Physical

restrictions are effective in protecting human health by reducing the potential for contact with

contaminated media and avoiding adverse envitonmental; wotker’ safety, and community safety
impacts that arise from the potential release of contaminants associated with other remedial”

- technologies (e g., removal). If used alone, however, physical restrictions are not effectivein

achieving containment, removal, or treatment of contannnaﬂts Physmal resn-zctmns a]lso reqmre :
@ngcmg momtonng and mmmenance ' : :

Legal restrictions. mclude both admlmstratlve and real—pmpeﬁy acmons mtended to rcaluce or
prevent future human exposure to contaminants remaining on site by Testricting the use of the
land, including gmundwater use. Land-use restrictions and controls on reai~property :
developmentare effective in providing a degree of human-health protection by mmnmzmg the :
potential for contact with contaminated media. Restrictions can'be imposed through land '+
covenants, which would be enforceable by the United States and, under Washington State iaw
the Washington State Department of Ecology.  Land-uiss restrictions are somewhat more
effective than access controls if control of a site transfers from the U.S. Departmens of Energy
(DOE) 10 ancsther party because land-use restrictions use legaﬁ and: a&munstrauve mechamsms
that aiready are avmlable to the: cammumty and the State

The dasaﬁvamages of Iand~use restrictions are similar to ﬁmse for access commi the’y dﬁ not
contain, remove, or treat contaminants. In addition, land-use restrictions are not self-enforcing.
Land-use restrictions only can be triggered by an effective system for m@mtonng land use to
ensure’ mmphance wﬁh the 1mposed restrictions.

Sampling and enwronmenta‘i momtanng are an integral part of msntutmnal controis and is
necessary to verify that contaminants are attenuating as expected, to ensure that contaminants
remain isolated, and to ensure that whatever remedial measures are in place are meeting their
performance objectives. Periodic sampling activities would include sampling of the actual

4-3



LI, N U U N IR

D 00 ~1 Oh

10

12
13
14

15

16
17
18
19
20
21
22
23

25
26
27
28
29

30
31
32
33
34
35
36
37
38
39
40

DOE/R1.-2005-63 DRAFT A

contaminants and verification of overall site characteristics (geochemical, hydrogeologic, and
biological properties). Environmental monitoring would be conducted to ensure that waste
containment is achieved and that no further degradation of groundwater occurs. Surface
radiation surveys and. samphng of local biota may be necessary if contaminants remain near the
surface. :

Depending on the remedial action taken and results of sampling and monitoring; it will be
necessary to maintain the existing soil cover or cap in order to ensure continued isolation of the
contaminants. The institutional controls technologies will be mcorporated into remedial
alternatives in Chapter 5.0 for evaluation, _ _ .

4,2.1.3 Containment

Containment includes physical measures to restrict accessibility to in-place contaminants or to
reduce the migration of contaminants from their current location. Containment technologies
include surface barriers (caps) and vertical barriers (slurry walls-and grout walls), which are used
to prevent or limit infiltration and/or intrusion into the contaminated zone.

4.2.1.3.1 Surface larriers (CaPng)

The sm'face bamers, or cappmg, technologles are apphcahle for groundwater, human health and
ecological protection.. Several different types of surface barriers have been evaluated for use at
the Hanford Site. DOE/RL-93-33, Focused F easibility Study of Engmeered B’a:mers for Waste
Management Units in the 200 Areas, evaluated four conceptual barrier designs for different types
of waste sites: the Hanford Barrier, the Modified Resource Conservation.and Recovery Act of
1976 (RCRA) Subtitle C Basrier, the Modified RCRA Subtitle D Barrier, and the Standard
RCRA Subtitle C Barrier. Based on the results of this evaluation, the Implementation Plan
identified two of these engineered barriers (the Modified RCRA Subtitle C Barrier, and the
Modified RCRA Subtitle D Barrier) as being suitable for use at waste sites in the 200 Area,

Generally, capping consists of constructing surface barriers over contaminated waste sites to
control the amount of water that infiltrates into contaminated media, thereby reducing or
eliminating leaching of contamination to groundwater. In addition to their hydrological
performance, barriers also may function as physical batriers to prevent intrusion by human and
ecological receptors, limit wind and water erosion, and attenuate radiation.

The surface barners proposed in this FS are. evapotransplranon (ET) hamers which
predominantly rely on the water-holding capacity of a soil, evaporation from the near-surface,
and plant transpuauon to control water movement through the barrier. Precipitation infiltrates at
the surface, where it is retained in the soil by abserption and adsorption until ET processes move
the water back to the atmosphere. Such designs are particularly suitable for semiarid and arid
climates with a low annual amount of precipitation and a relatively high ET potenUal When
precipitation exceeds ET, water is stored; and when ET exceeds precipitation, water is released.
Water balance studies at the Hanford Site have shown that vegetation and soil type control the
downward movement of precipitation, and for finer grained soils with a healthy plant cover of
shrubs and grasses, net recharge is close to zero (Gee et al. 1992, “Variations in Recharge at the
Hanford Site™). . _

4-4
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The ET barriers can be divided into two categories: capillary barriers and monolithic barriers.
The barriers retained in the Implementation Plan (i.e., the Modified RCRA Subtitle C Barrier,
and the Modified RCRA Subtitle D Barrier) are capﬂlary barriers, which consistofa
fine-grained soil layer overlying a relatively coarse-grained soil layer. Monolithic barziers rely
on a relatively thick single layer of fine-textured soil.

A capiliary basrier relies on maintaining a planar textural interface, which would be susceptible
1o differential settlements or subsidence. This is an important consideration for waste sites with
void space or solid waste that are susceptible to subsidence. Differential settlements can disrupt
the continuity of layers (i.e., offset layers), which can create large macropores. However, 2 -
broad range of options is available {¢.g., dynamic compaction, compaction grouting) to mitigate
the subsidence potential before barrier construction. Given the same soil type, the monolithic
barrier z‘equnres additional soil thicknéss relative to capillary barriers for an equivalent water
storage capacity. Should the thickness of the soil required for water-holding capacity exceed the
rooting depth, water removal capacity diminishes. However, the addmonal thlckness also can be
advantageous in prowing 1ncreased mtruder protect:veness

The two cap deszgms retmned in the Implemenfauon Plan, thc Mod:ﬁed RCRA Subt:t}le C
Rarrier, and the Modified RCRA Subtitle D Barrier; were designed to address various categories
of waste (¢.g., transuranic, low-level, hazardous, and sanitary). Both designs are ET-type =
barriers but include additional Iayers foradded levels of containrent or redundancy. Theterm
“modified” reflects that the design varies in certain key respects from converntional barrier . -

desi igns but is expectcd to be eqmvalent tos or to exceed the pcrformance of, the conventxonai

protection for a performance penod of 500 years (DOEIRL% -33). The Modxﬁed RCRA (o
Barrier also was developed because the conventional RCRA C cap design is aimed at areas Wlth
much higher precipitation and is not effective for arid climates. The design includes the
compenents of a capillary barrier overlying a secondary barrier system using a low-permeability

layer. The secondary barrier iayers are prowsmnal dspendmg on the site-specific need for

redundancy in hydrologlc protectien, a vapor barrier, and/ur a more robust bmmtmsmn layer -

The ;,*:,T barriers have been and conhnue tobe evaluated within the DOE complex (Sandia '
National Laboratory, Los Alamos National Laboratory, Idaho National Engineering and
Environmental Laboratory, Nevada Test Site, Hanford Site), and by the U.S. Envzronmental
Protection Agency. The Alternative Cover Assessment Program, sponsored by the

U.S. Environmentai Protecuon Agency, is evaluating a number of field-scale test covers
throughout the United States. Results to date indicate that alternative barrier designs at semm.and
and arid sites generally exhibit httle percolation (Albnght et al. 2003 ‘Exaummng the .
Alternatives™).

Considering the level of supporting documentation and Hanford Site-specific field data that
demonstrate that capillary barriers perform well (DOE/RL-99-11, 200-BP-1 Prototype Barrier
Treatability Test Report; PNNL-13033, Recharge Data Package for the Immobilized
Low-Activity Waste 2001 Performance Assessment), the Modified RCRA C Barrier is considered
to be an appropriate process option for the waste sites in this FS. Although the Modified

RCRA C Barrier process option is the basis for evaluating this tcchnology, it does not preclude -

4-5
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the use of other ET designs (e.g., monolithic barrier). The performance and design parameters
would be determined during remedial design. Both the monolithic and capillary bartiers have
been shown to be equivalent to or to-exceed the performance of the standard RCRA Subtitle C
barrier design, and both have been approved or planned for use in several western states
(DOE/RL-93-33). :

4.2.1.3.2 Vertical Barriers (Siurry Walls and Grout Walls)

Slurry walls and grout walls were retained in Appendix D of the Implementation Plan
(DOE/RL-98-28). Slurry walls are formed by vertically excavating a trench that is filled with a
slurry, typically a mix of seil, bentonite, and water, that forms a continuous low-permeablllty
barrier. Grout walls are formed by injecting grout, under pressure, directly into the soil matrix
{permeation gmuhng) or in conjunction with drilling (jet grouting) at regularly.spaced intervals
to form a continucus low-permeability wall. Using directional drilling techniques, angled grout
walls can be formed beneath 2 waste site.. This type of angled barrier is limited (more so than
vertical slurry walls) by difficulties in. verifying barrier continuity and by the materials used.
New materials have the potential for limiting radionuclide mobility through chemical reactions.

Shurry walls and grout walls have potcnual application in the vadose zone to lmrnt the honzontal
movement of moisture into contaminated materials or to limit the horizontal migration of
contaminants. Vertical barriers can be used as a supplemental element in the design of surface

technologies for this application. -

The need for horizontal control of contammant mlgratmn has not been identified based on the
RI Report (DOEIRIf2004w17) As such, these options are screened out.

4.2.1.4 Removal 'Treatment, and Dis’posal

The Implementanon Plan identified excavatmn of contamninated soils, with treatment as needed
to meet disposal criteria, and transportatmn and disposal to the appropriate disposal facility, as an
appilcable technology for the waste sites. Excavation of material generally is accomplished
using standard earth-moving equipment such as backhoes and front-end loaders. This
technology is retained for use at sites as a standalone remedial alternahve and in combination
with other remedial technologies such as capping. A number of sites in the ZGO—CS 10U have
contarmination in the near surface above 30m (10 .

Waste d.lSpOSﬂI is divided into (1) onsite disposal of soils without TRU! constitnents and
(2) temporary onsite storage of soils with TRU constituents, followed by offsite dlsposal There
are no TRU constifuents identified at any of the 200-CS-1 OU sites. :

 Waste Disposal of Soils without TRU Constituents. The onsite disposal option for
soils not contaminated with TRU constituents is the Environmental Restoration Dlspasal

! Waste materials contammated with more than 100 nCi/g of transuranic materials having half lives fonger than
20 years).

4-6
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Facility (ERDF). The waste acceptance criteria for the ERDF (BHI-00139, _
Environmental Restoration Disposal Facility Waste Acceptance Criteria) are based on
regulatory requirements {(e.g., RCRA land-disposal restrictions) and risk-based
considerations for long-term protection of human health and the environment. I waste
cannot be accepted at the ERDF, then a suitable offsite disposal facility will be used;
however, all contaminated soils from the 200-CS-1 OU are expected to be acceptable to
the ERDF.

4.2.1.5 Ex Situ Treatment

Ex situ treatment processes retained in Appendix D of the Implementation Plan (DOE/RL 98-28)
include thermal desorption, vapor extracticn, mechanical separation, soil wasiung, ex situ
vitrification, sohdxﬁcanon/stabﬁlzahon and soil mixing.

Thermal clesorption and vapor exsractmn technologies typically are apphed to soils contaminated
with light- to medium-range hydrocarbons and other organica. Thermal desorption also is
effective on heavier range hydrocarbons (e.g., diesel, oil). Based on the data contained in the
RIReport (DOE/RL-~2004-17) and the resuits of the risk assessment, remediation for
hydrocarbons or organics is required. However, the organics are mixed with radionuclides and
the availability of thermal deserption facilities to accept and treat this waste is quesnonable
Therefore this technolegy is rejected for this FS. :

The primary :sepmtlon techmque-:for sohd- media using mechanical separation is sievingfo -
segregate material according to size, but-other physical properties also may be used as a basis for
segregation (e.g., local discoloration of soil). The main disadvantage of this technology is that
increased waste handiing carries the potential of increased worker risk and the production of
fugitive dust, This process has been used as a component of removal and disposal actions on the
Hanford Site. Experience in the 300 Area burial grounds has shown that clogging of the sieving
device may be a problem. There is no apparent technical advantage to using mechanicai
separation for the waste sites in this FS. Therefore, the technology is not retained in this FS.

Scil washing has limited effectiveness on many radionuclides, with the risk of higher exposures.
o workers and potentially high costs associated with the soil washing, especially when
chemicals are needed to remove contaminants. Based on the results of the Rls, treatment is not
reguired for the majority of the potential waste streams to meet ERDF waste acceptance criteria.
Therefore, soil washing is:not retained in this FS, :

Ex situ vitrification is costly and is deemed unnecessary to dispose of waste at the ERDF ortca
commercially permitted facility, Therefore, ex situ vitrification is not retained in this FS.

Solidification/stabilization technolagies generally are used to immobilize soil .contaminams; this
is assumed to be unnecessary for disposal to the ERDF or to a commercially permitted facility.
Therefore, solidification/stabilization technologies are not retained in this FS.

Some soil mixing (blending) may be required to meet health and safety standards and waste

acceptance criteria before the soils are disposed of at the ERDF Therefore, soil mixing is
retained in this FS.

4-7
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4.2.1.6 In Sita 'I-‘reatment

In situ treatment technologies were retained in the Implementation Plan to mitigate contaminant
mobility or to treat organics in situ. The technologies are v1tnf1cat10n, grout injection, soil
mixing, dynamic compactlon and naxural attenuatlon

In situ vitrification apphes an electrical current to melt contaminated soil and forms a stable,
vitrified mass when cooled. The stable mass chemically incorporates most inorganics {including
heavy metals and radionuclides) and destroys or removes organic contaminants. : Experience
with in situ vitrification, summarized below, indicates that convective mixing that occurs dunng
vitrification will cause the contaminants to be mixed throughout the melt matrix. - Air emissions
are collected and treated locally. In practice, vapors generated during vitrification are directed
from the melt to an offgas hood, then to the offgas treatment system, where vapors are treated
using a combination of scrubbers, filtration, and thermal oxldatlon (if required) before discharge
to the enwronment

In situ wtnﬁcauon is cosﬂy and is. deemed unnecessary.io- dlspose of waste at the ERDF crata
commercially permitted facility. Therefore, in situ vitrification is not retained in this FS.

Grout injection, commmonly referred to as jet grouting or in situ grouting, is a process that entails
injecting a slurry-like mixture of cements, chemical polymers, or petroleum-based waxes into
contaminated media. Grouts are specially formulated to encapsulate contaminants, isolating
them from the:surrounding environment. : As suramarized in INEEL-01-00281, Engineering = -
Design File, Operable Unit 7-13/14 Evaluation of Soil and Buried Waste Retrieval Technologies,
in situ grouting has been approved by regulating agencies and implemented at several
small-scale sites. Given the nature of the main contaminant polychlorinated biphenyl,
cementation grout injection, as a standalone-action, is rejected for this FS because of the
difficulties associated with the nature of the chemical bonding to the matrix. Chemical polymers
are costly and are a waste thatis unnecessary.to dispose of at the ERDF or a commercially
permitted facility. ‘Therefore, chemical polymer injection is not retained in this FS. Likewise,
petroleum-based waxes are deerned unnecessary to dispose of waste at the ERDF or at a

commercially permitted facility. Therefore, this technology is not retained in this FS. However,

the technology is applicable to remedial alternatives to fill voids in pipelines, voids in cribs, and
vo1ds in tanks that will remain m place after contannnation is removed

Dynamic compactlon is used to increase the soﬂ densrcy, compas:t the bumed sohd waste, and!or
reduce void spaces by dropping a heavy weight onto the ground surface. The compaction
process can reduce the hydraulic conductivity of subsurface soils and, corresporidingty, the
mobility of contaminants. Because the compactive energy atténuates with depth; dynamic
compaction is limited to shallow applications typically less than 3 m (10 ft). Chemicals and
radionuclides at the sites in this FS generally are deeper than 3 m (10t). For this reason,
dynamic compaction is rejected in this FS as a standalone action. Dynamic compaction is
retained in the FS as a sub-element of capping; this technology frequently is used to prepare a
waste site for cap construction.

Deep soil mixing uses large augers (mixers) and injector head systems to inject and mix
solidifying agents (cement or pozzolanic based) into contaminated soil in place. The process -

4-8
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reduces the mobility of contaminants by entraining them in the solidifying agent. Soil mixing at
depth is difficult to implement in rocky scils, and the effectiveness of solidification of the
contaminated soil is difficult to monitor and ensure. Deep soil mixing is rejected for this FS
because the zone of contamination is near the surface, less than 3.0 m (10 f1).

Natural attenuation is remIned for this FS, because it is a natural component of ail of the potential
alternatives. Natural attenuation is most effective on sites with nonradionuclides that readily
degrade in the environment and on sites with radionuclides that have short half-lives, such as
Cs-137. However, natural attenuation is a slow process at sites that have radionuclides with long
haif-lives (e.g., plutonium and uranium) or nonradionuclides that do not degrade naturally in the
environment. Natural attenuation may be the only feasible and cost-effective technology for
sites that have deep contamination, because other technologies (2.g., retrieval and in sity
treatment) are difficult to implement, ineffective, and potentially cost prohibitive.

43 SUMMARY OF REMEDIAL
TECHNOLOGIES AND PROCESS OPTIONS
'RETAINED FOR THE 200-CS-1 OPERABLE
UNIT ALTERNATIVE DEVELOPMENT

Based on the screening presented in Section 4.2, Table 4-1 shows the remedial technologies and
process options that have been retained for development of remedial alternatives S]pcc:fic to the
200-CS-1 OU.
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ns for Soil. (2 Pages)

“Table 4-1. Technology Types and Process Optio

. . _ Retained in Retfained in
(zeneral Response ' . Impiementation Feasibility Study
Action Technology Type | Process Option Plan for 200-CS-1
(DOE/RL-28-28) Operable Unit
No action None Not applicable . Yes Yes
Land-use s
restrictions Deed restrictions Yes Yes
o Signs/fences Yes Yes
Access conirols _
: Entry control Yes Yes
Croundwater Yes Yes
Monitoring Vadose zons Yes Yes
Institutional Adr Yes Yes
conizols
Surfzce barriers Existing soil cover No Yes
Modified RCRA and Yes Yes
other ET caps
« Standard RCRA caps No No
Asphalt, concrete, or No No
cement-type cap
St wall Yes N
Vertical barriers Ao -
Crout curtains Yes No
Rermnoval Excavaticn Cornventional Yes Yes
Omsite landfill Yes Yes
Disposal Landfill disposal | Offsite landfily/
- Yes Yes
reposiory
: Thermal desorption Yes No
Thermal freatment '
Vitrification Yes No
Vapor extraction Yes No
Soil washing Yes No
Ex sito treatment — - ‘
Physical/chersical { Mechanicai separation Yes No
treatment Solidification/ ¥y N
stabilization o °
Soil mixing Yes Mo
In sits treatment Thermal treatment Vitrification Yes No
Chemical/physical | Vapor extraction Yes No
freatment Grout injection Yes ¥
(pipelines and tanks) | &
Deep soil mixing Yes No
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Table 4-1. Technology Types and Process Options for Soil. (2 Pages)

S S Retained in Retained in
General Response ‘. . ' Implementation | Feasibility Study
Action Technology Type Progess thmn B | for 200-CS-1 -
ST {DOE/RL-98-28) Operable Unit
| Dynamic compaction

{component of - Yes Yes
capping) '

‘Natural attenuation | Natural attenuation Yes Yes

DOE/RL-98-28, 200 Areas Remedial Investigation/Feasibility Study Implemen

Program. .

Resource Conservation and Recovery Act af 1

ET
RCRA

. evapotranspiration.
Resource Conservation and Recovery Act of 1976,

976, 42 USC 6901, et seq.
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CHAPTER 5.0 TERMS

U.S. Environmental Protection Agency

Environmental Restoration Disposal Facility
evapolranspiration

feasibility study

200 Areas Remedial Investigation/Feasibility Study
Implementation Plan — Environmental Restoration Program
(DOE/RL-98-28)

“National 0il and Hazardous Substances Pollution Contingency
Plan™ (40 CFR 300)

operable unit

preliminary remediation goal

remedial action objective

Washingion Administrative Code
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