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221-U Facility
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TERMS

U Plant Canyon Building

U Plant Canyon Building

Uranium Oxide Plant or UO; Plant

as low as reasonably achievable

Alternative Landfill Cover Demonstration
(Fitzner/Eberhardt) Arid Lands Ecology (Reserve)
above mean sea level

applicable or relevant and appropriate requirement
area use factor

biota concentration guide

Biota Dose Assessment Committee

below ground surface

Biological Resources Management Plan (DOE/RL-96-32)
Cold Creek unit

canyon disposition initiative

Comy 2hensive Environmental Response, Compensation and
Liabiiuy Act of 1980

Code ~f Federal Regulations

clean ) levels and risk calculations, see Ecology 94-145
contaminant of concern

contaminant of potential concern

CERC™ \ past-practice

cleanup level

U.S. Department of Energy

Washington State Department of Ecology

engin - ~ring evaluation/cost analysis

exces.. lifetime cancer risk

U.S. Environmental Protection Agency
exposure-point concentration

ecological risk assessment

Environmer estoration Disposal Facility
evapotransg ... on

Effluent Treatment Facility

focused feasibility study

feasibility study

general response action

Hanford Advisory Board

high-efficiency particulate air (filter)

human health risk assessment

high-integrity container

nitric acid

International Atomic Energy Agency

institutional controls

International Commission on Radiological Protection

X1




Implementation Plan

LFI

MCL
MESC
MNA
MSCM II
NA

NBS
NCP

NEPA
NPH
NPL

ou

PP

PRG
PUREX
RAO
RCRA
RDL
REDOX
RESRAD
RI Report
RI

RI/FS
RLS
ROD
RPP
RTD
SAC
SALDS
SAP
SCA
SLERA
STOMP
TBP
TEDF
™™V
Tri-Cities
Tri-Parties

Tri-Party Agreement

TRU

TSD
UCL
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200 Areas Remedial Investigation/Feasibility Study
Implementation Plan — Environmental Restoration Program,
DOE/RL-98-28

limited field investigation

maximum contaminant level

maintain existing soil cover

monitored natural attenuation
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1.0  INTRODUCTION

The Hanford Site, mana%ed by the U.S. Department of Energy (DOE), encompasses
approximately 1,517 km* (586 miz) 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 40 CFR 300, “National Oil and Hazardous Substances
Pollution Contingency Plan,” Appendix B, “National Priorities List” (NPL) pursuant to the
Comprehensive Response, Compensation, and Liability Act of 1980 (CERCLA). The Central
Plateau consists of the 200 West Area and 200 East Area (Figure 1-1), which contain waste
‘nagement facilities and inactive irradiated fuel reprocessing facilities, and the 200 North Area,
tormerly used for interim storage and staging of irradiated fuel. Several waste sites in the
<nN Area, located near these areas, also are included in the Central Plateau. The Central Plateau
isists of approximately 700 waste sites organized into 24 waste site groups, called operable
ts (OU). This focused feasibility study (FFS) addresses the 200-UW-1 OU waste sites located
. he U Plant Area, which is located near the center of the Hanford Site in the 200 West Area
‘Tigure 1-1). The U Plant Area (Plate 1) has been divided into five distinct components. The
wllowing five components make up the U Plant Area:

221-U Facility® (to be addressed by the Canyon Disposition Initiative [CDI])
Facilities that are ancillary or related to the 221-U Facility

Underground pipelines

Soil waste sites (such as the 200-UW-1 OU)

Groundwater underlying the area.

e 200-UW-1 OU waste sites consist of one CERCLA past-practice (CPP) site, 31 Resource

- anservation and Recovery Act of 1976 (RCRA) past-practice (RPP) sites, and one RCRA
atment, storage, and/or disposal (TSD) unit (Table 1-1). These waste sites predominantly
nsist of liquid waste disposal sites associated with 221-U Facility operations and a few solid

waste sites such as debris piles and a burial trench. The liquid waste disposal sites include cribs,

renches, French drains, septic systems, unplanned release sites, one underground settling tank,

and one underground pipeline with significant near-surface vadose zone contamination.

The process for characterization and remediation of waste sites at the Hanford Site is addressed
__Ecology et al. 1989, Hanford Federal Facility Agreement and Consent Order (Tri-Party

/£ eement). The Tri-Party Agreement establishes major milestones for completing the waste
site investigation activity by December 31, 2008, and completing waste site remediation by
September 30, 2024 (Milestones M-15-00C and M-16-00, respectively) for non-tank farm
operable units in the Central Plateau. In 2002, the DOE Richland Operations Office, the EPA,
and the Washington State Department of Ecology (Ecology) (the Tri-Parties) renegotiated the
Central Plateau 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-15-02-01,
M-16-02-01, and M-20-02-01. As part of these negotiations, the Tri-Parties proposed a plan

! The 221-U Facility includes the 221-U Canyon Building, the 271-U Support Services Building, the 276-U Solvent
Handling Facility, and other surrounding structures and waste sites within the footprint of the CDI Barrier.
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(Interim Milestone M-015-47 due June 30, 2003) to conduct a rem ial action(s) for sot
control at a high-risk waste site(s) in the Central Plateau, which would include an engin
evaluation of an engineered surface barrier. A high-risk waste site is a site that is a kno'
source of groundwater contamination or that poses a significant risk of contaminating th
groundwater.

A Tri-Party Agreement Change Form was initiated on March 16, 2004, to establish a ne
(i.e., 200-UW-1) for selected U Plant Area waste sites and to designate Ecology as the I
regulatory agency. Selected sites in the 200-IS-1, 200-LW-2, 200-PW-2, 200-PW-3, 20
200-ST-1, 200-SW-1, 200-SW-2, and 200-UR-1 OUs were moved to the newly establ
200-UW-1 OU. ,.is change was initiated from the need for a single record of decision
instead of multiple RODs. The change request also modified the Appendix B listing of
units to move the 216-U-12 Crib TSD from the 200-UP-2 OU to the 200-UW-1 OU (Ec:
EPA, and DOE, 2004, Hanford Federal Facility Agreement and Consent Order Change
Form, Chas : Number C-03-01, March 16, 2004).

Submittal of this FFS and the associated proposed plan (PP) for the 200-UW-1 OU, incli
several high-risk waste sites, during June 2003 completed the requirements associated w
Tri-Party Agreement Interim Milestone M-015-47. Discussions between the Tri-Parties

in an agreement (1) to include the additional sites and (2) that modification of the milest
not needed to include the additional scope. The barrier evaluation component to the milc
addressed through the development and evaluation of a remedial alternative that relies o1
barriers for containment. The scope of the 200-UW-1 OU FFS and PP is significantly g1
than originally envisioned for Tri-Party Agreement Interim Milestone M-015-47. Instea
or two high-priority waste sites, more than 30 waste sites and unplanned release sites are
evaluated near the 221-U Facility. Addressing these waste sites under a single FFS is a k
component of the U Plant Area initiative, which has been proposed to accelerate the rem
of the U Plant Area. The overall objective of the U Plant Area initiative is to accelerate ¢
actions necessary to achieve cl.  1p, such that the area can move to a state of long-term

stewardship. As discussed in Section 1.3, this initiative coordinates the disposition of ex:
facilities and the 221-U Facility with the remediation of surrounding waste sites.

1.1 PURPOSE

The purpose of this FFS is to develop and evaluate alternatives for remediation of t
sites in the 200-UW-1 OU and to function as a supporting document ) the PP requ
Tri-Party Agreement Interim Milestone M-015-47. This FFS will refine preliminar
or relevant and appropriate requirements, remedial action objectives, and general re
actions initially identified in DOE/RL-98-28, 200 Areas Remedial Investigation/Fe.
Implementation Plan — Environmental Restoration Program (Implementation Plan)
remedial alternative development provides the basis for developing a focused range
alternatives for the 200-UW-1 OU waste sites. The alternatives considered provide
response actions (e.g., no action; remove, treat, and dispose; containment) that are a
address site-specific conditions. The alternatives will be evaluated and compared tc
CERCLA criteria. The Tri-Parties will use this FFS as the basis for selecting a rem
address potential risks to human health and the environment. A preferred remedial
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will be presented to the public in a PP for review: and comment. Ecology and the EPA then will
prepare a CERCLA ROD that will identify which alternative(s) ultimately will be implemented
by the Tri-Parties, based on the nine CERCLA criteria. This FFS also will support : closure of
the 216-U-12 Crib, a TSD unit under RCRA. Information in this FFS and related documents will
be used to prepare a draft permit modification, which also will be presented for public review
and comment. Ecology then will modify WA7890008967, Hanford Facility RCRA Permit, to
incorporate the 216-U-12 Crib. Additional discussion on RCRA and CERCLA integration is
provided in Section 1.4.

1.2 SCOPE

Cleanup of the 200-UW-1 OU waste sites is a source control action that addresses contaminated
-.il and structures (e.g., tanks, pipes) associated with cribs, trenches, French drains, debris piles,
septic systems, and unplanned release sites. The scope of this FFS does not include the
remediation of groundwater beneath these waste sites. However, it is required for the action to
be protective of groundwater in accordance with the remedial action objectives. Contaminated
~-oundwater in the U Plant Area is being, and will continue to be, addressed under the
2J0-UP-1 Groundwater OU.

“is FFS focuses on 33 waste sites, including high-risk waste sites associated with or located
near the 221-U Facility. The U Plant Area lies within the exclusive-use boundary identified in
DOE/EIS-0222-F, Final Hanford Comprehensive Land-Use Plan Environmental Impact
Statement. :

1.3  UPLANT AREA APPROACH

In 1999, the DOE developed the Central Plateau strategy, as described in the Implementation
Plan (DOE/RL-98-28). This strategy established an approach for reaching remedial decisions for
the non-tank-farm waste sites. Under this approach, the waste sites were grouped into
process-based OUs to streamline characterization. Investigation work plans were prepared
“1ing in 1999 (e.g., DOE/RL-2000-60, 200-PW-2 Uranium-Rich Process Waste Group
_ . -.:able Unit RI/FS Work Plan and Process Waste RCRA TSD Unit Samplii , Plan]; 1 we
followed by field sampling. As characterization proceeded, other streamlining initiatives, such
as combining multiple OUs into a single investigation (e.g., 200-UW-1 OU) were implemented
within the framework of DOE/RL-98-28. The strategy anticipated further revisions to the v
site groupings for evaluation and/or remediation. In particular, remediation might be
accomplished most effectively by grouping sites geographically.

Consistent with the Central Plateau strategy and the ongoing effort to accelerate cleanup at the
Hanford Site, the DOE partnered with Ecology and the EPA to identify new approaches for the
Central Plateau cleanup process. One of these approaches is the geographic area closure concept
(DOE/RL-2002-68, Hanford’s Groundwater Management Plan: Accelerated Cleanup and
Protection). The geographic-based cleanup goals are (1) to reduce environmental risks and
protect underlying groundwater by addressing high-risk waste sites and (2) to accelerate
remediation of the Hanford Site. In addition, economies of scale could be realized by
performing remediation of waste sites within a given geographic area as an integrated activity.
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Under this approach, the DOE would perform a comprehensive and coordinated cleanu)
sites, facilities, and pipelines within a defined geographic area. The overall objective is
accelerate all actions necessary to achieve cleanup on an area basis and to place major ¢
of the Central Plateau into long-term stewardship. For several reasons, the area around
221-U Facility has been identified as the first area to implement the geographic closure

The majority of the waste sites, facilities, and pipelines in the area are inactive.

The waste sites in the area are sufficiently well characterized to apply the analog
approach in making remedial decisions. Characterization of a significant numbe
high-risk waste sites in the 200-UW-1 OU, including the 216-U-12 Crib, was pe
under a work plan implemented several years ago under the 200-UP-2 OU
(DOE/RL-91-19, RCRA Facility Investigation/Corrective Measures Study Work
the 200-UP-2 Operable Unit, Hanford Site, Richland, Washington).

A final feasibility study (FS) (DOE/RL-2001-11, Rev. 1, Final Feasibility Study
Canyon Disposition Initiative [221-U Facility]) and PP (DOE/RL-2001-29, Rev
Proposed Plan for the Canyon Disposition Initiative [221-U Facility]) were con
address the 221-U Facility as part of the overall CDI. A ROD is expected on the
the near future. Implementation of a remedial decision for the 221-U Facility wi
contingent on the completion of remedial actions for adjacent or ancillary facilit;
sites, and pipelines. Early decisions for all such sites are needed to coordinate w
CDI. :

The area includes several high-risk waste sites, some of which are known sources o:
significant uranium and technetium groundwater plume beneath the U Plant Area. |
decision making for the 200-UP-1 Groundwater OU would be facilitated by acceler:
remediation of the source sites.

The U Plant Area project consists of six coordinated activities with the following
decision-making pathways:

CDI: Preparation of a FS report and PP, followed by a ROD for the 221-U Facility
under the CERCLA process. The initiative involves use of the 221-U Facility asaf
to assess the feasibility of dispositioning the Hanford Site canyon facilities in place.
this time, the preferred alternative being considered for remediation of the 221-U Fe
is to partially demolish the structure, fill void spaces with grout, and dispose in plac
hazardous substances and the resulting demolition debris inside and adjacent to the
remaining structure under an engineered barrier. Details on each of the alternatives
221-U Facility remediation can be found in DOE/RL-2001-11, Rev. 1, which may b
found in the Administrative Record

Soil waste sites: Preparation of an FFS report and PP, followed by a ROD under

CERCLA for the majority of the waste sites and unplanned i :ase sites in the U Pl
Area. The ROD is expected to include multiple remedies that are site dependent bec
of the varied nature and associated risks of the waste sites. The ROD also will inclu
clear process for allowing the selected remedy(ies) to be applied in the future to othe
U Plant Area waste sites (e.g., newly identified waste sites), eliminating the need for
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additional waste site remedial investigation/feasibility study (RI/FS) activities in the
U Plant Area

o Underground pipelines: Preparation of an engineering evaluation/cost analysis (EE/CA),
or equivalent, that focuses on contaminated subsurface pipelines and associated
structures, and unplanned rel¢  es in the U Plant Area, followed by an action
memorandum under CERCLA

« Facilities that are ancillary to or related to the 221-U Facility: Preparation of EE/CAs for
removal of excess ancillary facilities and equipment in the U Plant Area that contain
hazardous substances, followed by an action memorandum under CERCLA

e Groundwater underlying the area: Monitoring and remediation of groundwater located
under the U Plant Area, in accordance with the 200-UP-1 OU ROD (EPA/541/R-97/048,
Record of Decision for the 200-UP-1 Interim Remedial Measure). Post-remediation
groundwater monitoring plans would be developed in coordination with the remediation
of the U Plant Area

e Additional actions are under way in support of U Plant Area cleanup. These include
infrastructure modifications for eliminating artificial recharge conditions in the U Plant
Area such as closeout of an active septic system, decommissioning noncompliant or
unused wells, replacing or capping potentially leaking raw waterlines, and run-on/run-off
control.

The first activities that will be completed under the U Plant Area geographic area closure include
the remediation of waste sites; removal actions for associated pipelines; removal of excess
ancillary facilities and equipment; and infrastructure modifications. These activities will occur
in a coordinated manner and, for the locations immediately adjacent to the 221-U Facility, will
need to be completed before final implementation of the selected remedial alternative for the
221-U Facility. Following removal of excess ancillary facilities and equipment, additional

re diation might be required for remaining below-grade sources of contamination, such as
residual soil contamination, subsurface structures, pipelines, tanks, drains, or unplanned release
sites. Characterization, assessment of risk to human health and the environment, and evaluation
of remedial/removal actions will have to be completed for sites in the immediate vicinity of the
221-U Facility before the selected 221-U Facility alternative is implemented.

Several of the 221-U Facility alternatives include the construction of a thick, protective,
engineered surface barrier that would mitigate percolation of atmospheric water and would
mitigate future biological intrusion. It is possible that the selected 221-U Facility alternative
may be sufficient to  Iress any remaining contamination in the immediate vicinity of the 221-U
Facility. Should this be the case, no further remedial action other than the selected 221-U
Facility alternative may be needed to address the remaining contamination at these adjacent

raste sites.

Completion of the initial remedial and removal actions discussed above would prepare the area
for final implementation of the selected 221-U Facility alternative. After all of the source terms
have been remediated effectively, a final ROD for groundwater can be pursued, and associated
cleanup actions can be performed.
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analogous waste sites and applying the analogous site approach, and summarizes risk
evaluations.

Chapter 3.0 discusses land-use assumptions and develops the overall remedial action
objectives and media-specific preliminary remediation goals for the waste sites.

Chapter 4.0 identifies and screens technologies and develops remedial alternatives based
on DOE/RL-98-28 and site-specific considerations, presents a description of each
alternative, and defines the applicability of the alternative to the waste sites. This chapter
also presents the results of the intruder risk evaluation.

Chapter 5.0 presents a detailed analysis of each of the remedial alternatives  1inst
standard CERCLA criteria and National Environmental Policy Act of 1969 values and
includes the identification and evaluation of the performance standards for the TSD.

Chapter 6.0 provides a comparative analysis of the alternatives, based on the same
CERCLA criteria used in the detailed analyses.

“Mapter 7.0 summarizes the preferred alternative(s) for the waste sites and provides a
description of the plug-in approach for future use and the path forward for the 200-UW-1
Ou.

Chapter 8.0 contains a compilation of all references for the main body of the report; each
chapter and appendix cor” ~ its own reference section.

Appendix A, “200-UW-1 Operable Unit Waste Site Photographs,” includes current
photographs of the waste sites.

Appendix B, “Potential Applicable or Relevant and Appropriate Requirements,” presents
an analysis of regulatory requirements and available guidance with respect to the
200-UW-1 OU.

Appendix C, “Human Health and Ecological Risk Assessment,” presents the human
health logical ik -aluations, including the methodology, results, and
uncertainties.

Appendix D, “200-UW-1 Operable Unit Waste Sites Vadose Zone Contaminant Fate and
Transport Modeling,” presents the methodology and results of the fate and transport
modeling associated with select waste sites. The modeling is conducted based on
baseline conditions as well as on simulating a future cap for a select number of waste

sites.

Appendix E, “Risk Assessment for an Inadvertent Intruder Scenario,” presents the
intruder risk evaluations, methodology, and results.

Appendix F, “Cost Estimate Backup,” presents the basis for the cost estimates.
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o Appendix G, “Excavation of the 216-U-1/216-U-2, 216-U-8, and 216-U-12 Cribs
presents the worker dose e " 1ations, including methodology, assumptions, and re:

o Appendix H, “Histograms for the 216-U-1/216-U-2, 216-U-8, and 216-U-12 Crib
presents contaminant profiles and discharge plots for the 216-U-1/216-U-2, 216-1
and 216-U-12 Cribs.
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Figure 1-1. Location of the U Plant Area in the 200 West Area, Hanford Site.
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CHAPTER 2.0

BACKGROUND INFORMATION
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2.0 BACKGROUND INFORMATION

This chapter of the 200-UW-1 Operable Unit (OU) focused feasibility study (FFS) includes a
brief background and history of the U Plant Area, including the liquid waste generating process,
physical setting, natural resources, cultural resources, socioeconomics, representative site
descriptions, evaluation of the analogous waste sites, and a summary of the risk assessment.
This chapter also includes the available information on waste sites that were not characterized
during tt  200-UP-2 Groundwater OU limited field investigation (LFI), for the pur; se of
associating the analogous sites to the contaminant distribution models for the representative sites
identified for each analogous oup. This association between the representative sites and the
analogous sites is needed to support the evaluation of remedial alternatives for the analogous
Siwo, Using the information from the representative sites, and is presented in Section 2.6 of this
FFS.

Generally, the representative sites are similar to or bound the waste characteristics for the OU.
The representative sites are investigated in the remedial investigation (RI), and then the data
from these sites are used to make decisions for the OU as a whole. The representative sites are
**-ntified in Section 2.5 of this FFS (216-U-1 and 216-U-2 Cribs, 216-U-8 Crib, 216-U-12 Crib,
5-U-4 Reverse Well/216-U-4A French Drain, and unplanned release UPR-200-W-19). The
)-UW-1 OU waste sites are shown in Plate 1, located in the pocket at the end of this
ument.

U PLANT AREA BACKGROUND AND
HISTORY

1.1 Buildings and Ancillary Facilities

e Hanford Site, established in 1943, was originally designed, built, and operated to produce
itonium for nuclear weapons, using production reactors and chemical reprocessing plants. In
irch 1943, construction began on three reactor facilities (B, D, and F Reactors) in the.

0 Areas and three chemical processing facilities (B, T, and U Plants) in the 200 Areas.
Operations in the 200 East and 200 West Areas mainly were related to the separation of  ecial
nuclear materials from spent nuclear fuel (i.e., fuel that has been withdrawn from a nuclear
reactor following irradiation). Operations in the 200 West Area consisted of four main
processing areas:

o S Plant and T Plant, where initial processing to separate uranium and plutonium from
irradiated fuel rods took place

o U Plant, where uranium recovery operations took place
e Z Plant, where plutonium separation and recovery operations took place.

The following sections describe the U Plant Canyon Building (221-U Facility) and associated
ancillary buildings and facilities, including a summary of the history of operations, important
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waste-generating processes, and liquid waste disposal practices. Although these buildings
ancillary facilities are not within the scope of this FFS, they represent the primary sources
waste disposed to the 200-UW-1 OU waste sites and are, therefore, of interest for this FFS

2.1.2 221-U Plant Canyon Building

The 221-U Plant Canyon Bui™ ""'ng is one of three identical Hanford Site chemical separati
plants constructed from 1944 through 1945 in support of World War II plutonium product
They were called canyon buildings because of their very large size and the canyon-like
appearance of their interiors. The U Plant, like the B Plant and T Plant, was built to extrac
plutonium from fuel rods irradiated in the Hanford Site production reactors. Each separati
plant was equipped to use a bismuth phosphate separation process. Because early operatic
experience indicated that the B Plant and T Plant were sufficient to meet production goals,
U Plant was held in reserve. The 221-U Plant was used to train B Plant and T Plant operat
until 1952, when it was conv: ed to the tributyl phosphate (TBP) process to recover urani
from bic  1th phosphate process wastes. At that time, it became known as the Uranium
Recovery Plant. A later operation conducted at the 221-U Facility was the scavenging or
precipitation of long-lived fission products from process waste. The 221-U Facility was pl
in standby in 1958 and subsequently was retired.

The 221-U Facility TBP process recovered residual uranium from B Plant and T Plant was
had been stored in tank farms in the 200 East and 200 West Areas of the Hanford Site. Th
waste tanks were sluiced with their own supernatant liquid to produce slurries, which then
pumped to the 221-U Facility via underground stainless steel transfer lines. After the wast
sludge was dissolved with nitric acid, uranium in the acidified feed was separated from the
of the fission products and small amounts of plutonium, using a solvent extraction process.
solvent extraction process used a light-phase solvent, TBP in a kerosene (paraffin hydrocar
diluent, to extract the uranium from the aqueous phase in countercurrent extraction column
This process left the fission products, sulfate, nitrate, and phosphate ions in aqueous solutic
The uranium was partitioned into the organic phase. Uranium was then stripped from the
organic solvent with nitric ac.  The organic solution was sent to the solvent recovery opei
in the 296-U Solvent Recovery Building, while the uranium-rich aqueous solution (uranyl
hexahydrate [UNH]) was sent to the uranium trioxide process in the UO3; Plant (HW-19140
Uranium Recovery Technical Manual). The UNH then was converted to uranium oxide (U
by calcination at high temperatures in the UO3 Plant (SD-DD-FL-001, Rockwell Retired
Contaminated Facility Listing and Description; RHO-HS-ST-10, Historical Timelines of
Hanford Operations; PNL-6964, A History of Major Hanford Operations Involving Radioa
Materials; and the Waste Information Data System [WIDS] database).

Within the extraction process, a condensate stream containing radioactive and chemical
contaminants was generated in evaporators that concentrated process solutions. An offgas
stream containing radioactive and chemical contaminants also was generated in the evapore
process and the vessel vent system. An additional source of liquid waste was spillage of pr
liquids in the building. Sumps collected spilled liquids and other cell drainage and discharg
the materials to the cribs. A steam condensate stream was produced >m heating the proce
equipment and tanks. The steam condensate stream generally was uncontaminated. Coolin
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water from evaporator condensers and process equipment were additional sources of generally
uncontaminated wastewater. Process condensate, process waste, cell drainage, and spent solvent
were disposed to the 216-U-1 Crib, 216-U-2 Crib, 216-U-5 Trench, 216-U-6 Trench, and
216-U-8 Crib. Steam condensate, chemical sewer waste, and cooling water were disposed to the
216-U-14 Ditch.

The same underground lines used to pump bismuth phosphate process wastes from the tank
farms to the 221-U Facility were used to pump TBP process waste approximately 4.8 km (3 mi)
from the 221-U Facility to disposal facilities (ultimately cribs and trenches) near the B Plant in
the 200 East Area. The 221-U Facility non-TBP waste was disposed of in nearby waste sites in
the U Plant A 1 and to the east in the 216-U-14 Ditch and the 216-U-10 Pond (DOE/RL-91-52,
U Plant Source Aggregate Area Management Study Report).

2.1.3 Uranium Oxide Plant (224-U), Including
Support Buildings 224-UA, 272-U, and 2715-UA

Located immediately south of the 221-U Facility, the Uranium Oxide or UOj3 Plant is a complex
of several buildings, aboveground tanks, storage areas, and loading/unloading facilities. The
three-story 224-U Building is the primary building in the complex. 224-UA, 272-U, and
2715-UA are support buildings. The UO; Plant was constructed as part of the original 221-U
Facility complex in 1944 to be a production facility for fuel processing, but it never was used for
" original purpose. It was operated as a training facility from 1944 to 1950 and then was

-<...erted in 1952 to a uranium reduction facility. It was converted again in 1955 to its current
UO; configuration in support of the plutonium-uranium extraction (PUREX) UO3; mission. The
UOs Plant operated until 1972 when the PUREX Plant was put in stand-down. During that time,
the UO; Plant converted UNH received from the PUREX Plant and the Reduction Oxidation
(REDOX) S Plant into UO; powder. The UO; powder was packaged and interim stored at the

; Plant before being sent to the Oak Ridge National Laboratory in Tennessee and later to

1ald, Ohio, where it was converted to uranium metal and then returned to the Hanford Site
300 Area for fuel extrusion rework. The UO; Plant resumed operations in 1984 to process UNH
from the PUREX Plant. Because the feed lines from the ™" DOX Plant and the 221-U Facility

e no longer in use, they were disconnected and capped in the UO; Plant. Operations of the

3 Plant ceased in 1988 (DOE/RL-2000-60, 200-PW-2 Uranium-Rich Process Waste Group
Operable Unit RI/FS Work Plan and Process Waste RCRA TSD Unit Sampling Plan).

The 224-U Building produced process condensate waste from the concentration and calcination
of UNH. The process condensate consisted mainly of condensed water; it included rain water
collected in the radiation zone sumps and nitric acid vapor, both of which were neutralized
before being discharged to cribs. Noncorrosive steam condensate from the building heating
systems, process equipment cooling water from the condensers, and rain water from the
nonradiation areas were discharged to the 207-U Retention Basin and the 216-U-14 Ditch to the
west. Other condensate and cooling water from the facility went to the 241-U-361 Settling Tank.
Liquid waste from the 224-U Building contributed to the waste inventories in the 216-U-1, -2, -8,

-12, -16, and -17 Cribs.
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2.1.4 276-U Solvent Handling Building

The 276-U Solvent Handling Building is attached to the south end of the 221-U Facilit
Organic solvents used in the uranium extraction processes at the 221-U Facility were s
276-U Solvent Handling Building for treatment and makeup. There the solvents (parti
TBP) were cleaned by a carbonate scrub process and returned to the 221-U Facility. A
scrub solution waste was generated that contained sludge materials (soils and materials
during processing) cleaned from the solvents and discharged to cribs. Spent solvents a
part of this waste stream.

2.1.5 222-U Laboratory

The U Complex Laboratory (222-U Laboratory) located directly southeast of the 221-1
operated from about 1947 to 1970 and provided analytical servi ; in support of the 22
224-U Building operations. Later, it was used for laboratory space and offices in supp
analysis for radioactive waste “‘sposal. A liquid waste stream was genera | from the
facility that included sample disposal waste and hood and hot-cell cleanup waste. This
was disposed to the 216-U-4 Reverse Well, the 216-U-4A French Drain, and the
216-U-4B French Drain.

2.1.6 291-U-1 Stack, 291-U Filter Building, and
292-U Stack Monitoring Station

The 291-U-1 Stack, which provides stack ventilation, is a 61-m (200-ft)-high concrete !
located south of the 221-U Facility. Air.from the 221-U Facility is filtered through san
located in the 291-U Filter Building before being exhausted up the 291-U-1 Stack. Ext
enters the filter building through its floor and is directed upward through sar beds hel
wooden travs. Exhaust fans move the air through the filters and up the stack. The 292-
Monitoring :ation provided supp:  for to  gthe ° dis ' rge. : TTeri
designated as the 200-W-44 Waste Site, which will be demolished as part of the ancilla
structure work scope. Drainage ~ »m the 291-U Stack was discharg  to cribs. The are
these facilities has been posted as a contamination area.

2.1.7 271-U Support Services Building

The 271-U Support Services Building is adjacent to the 221-U Facility and shares its nc
wall. The three-story, reinforced-concrete and pumice block structure is 48.8 m (160 ft
15 m (48 ft) wide, and 20 m (65 ft) high. An exhaust stack, the 296-U-10 Stack, sits atc
building and is considered a part of this facility. The building has been used for office «
craft shops, storage, and training facilities in support of the 221-U Facility. Some miniz
contamination exists in various parts of the building.
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2.1.11 2714-U UO; Storage acility

The 2714-U OUj; Storage Facility, located on the north side of the 221-U Facility adjace:
275-UR Chemical Storage Warehouse, stores a small amount of miscellaneous equipmel

2.1.12 Process Lines and Encasements

Process lines, sometimes referred to as transfer lines or process sewer lines, ¢« ect the
process facilities with each other and with their waste-handling facilities or waste sites. |
high-level waste transfer lines are 7.6 cm (3-in.)-diameter stainless steel pipes with weld
joints. These lines generally are enclosed in steel reinforced-concrete . asements and a
below grade. A few lines that pass between adjacent facilities are elevated aboveground
wooden poles. Transfer lines to liquid effluent disposal facilities (e.g., cribs) were constt
a variety of materials including vitreous clay and galvanized metal. Some of the undergr
process lines and encasements have been given waste site designations such as 200-W-4.
Vitrified Clay Pipeline (VCP), 200-W-84 Pipeline, 200-W-100 Pipeline, and UPR-600-2
Pipeline in the WIDS. The 241-UX-154 Diversion Box at the 221-U Facility permits rot
process fluids to various lines including transfer lines to tank farms.

2.2 LIQUID WAS E DISPOSAL

The primary liquid-waste generating processes in the U Plant Area and the associated bui
locations in " : U Plant Area include the following:

e Uranium Reco' y Process — ~?1-U Facility

e UO; Conversion Process — 224-U Building

e Solvent Treatmen'  276-U Solvent Handling Building
- e Analytical Laboratory Programs — 222-U Laboratory.

Liquid wastes often were discharged to the soil column via several types of structures in t
U Plant Area including cribs, French drains, a reverse well, trenches, and septic systems.
following provides a general description of the function of these types of liquid waste dis
structures. Waste-site-specific descriptions are provided in Section 2.6. Additional discu
on types of waste disposal structures and associated categories of waste received is provic
the WIDS; DOE/RL-91-52; and DOE/RL-98-28, 200 Areas Remedial Investigation/Feasi
Study Implementation Plan — Environmental Restoration Program.

Cnibs, French drains, and reverse well drains were designed to inject or percolate wastew:
the ground without exposing it to the open air. Water flowed directly into the backfilled r
or covered open space and percolated into the vadose zone soils. The 200-UW-1 OU was
consist of eight cribs, two French drains, and one reverse well. Most cribs, drains, and tre
were designed to receive liquid until either the unit’s specific retention or radionuclide caj
was met. The term “specific retention” is defined as that volume of waste liquid that may
disposed to the soil and held against the force of gravity by the molecular attraction betwe
sand grains and the surface tension of the water, when expressed as a percent of the packe
volume (HW-61644, Techniques for Estimating the Specific Retention Properties of Hanf
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2.3.3 Geology

ie following discussion of geology uses terminology from DOE/RL-2002-39, Standardized

-atigraphic Nomenclature for Post-Ringold Formation Sediments Within the Central Pasco
Basin. Basalt of the Columbia River Basalt Group and a sequence of suprabasalt sediments
underlie the 200 West Area. From oldest to youngest, major geologic units of interest are the
Elephant Mountain Basalt Member, the Ringold Formation, the Cold Creek unit (CCU), the
Hanford formation, and the Holocene deposits. Cross Sections A-A’, B-B’, and C-C’ were
g~ “rated from boreholes in the U Plant Area and present the spatial relationships of these units
across that area. Figure 2-1 provic  a cross section index map to the three cross sections
provided in Figures 2-2 through 2-4. Included on these figures are the referenced wells and key

uctures(e.g., waste sites, facilities). Note that the structures are not to scale.

The uppermost unit of the Columbia River Basalt Group beneath the U Plant Area is the
Elephant Mountain Basalt Member, a medium- to fine-grained tholeiitic basalt with abundant
microphenocrysts of plagioclase (DOE/RW-( 54, Consultation Drafi, Site Characterization
Plan, Reference Repository Location, Hanford Site, Washington). The basalt is overlain by the
Ringold Formation in the 200 West Area.

The fluvial-lacustrine Ringold Formation is informally divided into several units. This formation
consists of an interstratified sequence of unconsolidated clay, silt, sand, and granule-to-cobble
gravel deposited by the ancestral Columbia River. These alluvial sediments consist of four
major units (from oldest to youngest): the fluvial gravel and sand of unit A, the buried soil
horizons and lake deposits of the lower mud sequence, the fluvial sand and gravel of unit E, and.
the lacustrine mud of the upper unit. The Ringold Formation is overlain by the Plio-Pleistocene
and CCU-aged units in the 200 West Area.

The CCU includes the sedimentary sequence that disconformably overlies the Ringold
Formation and underlies cataclysmic flood deposits of the Hanford formation in the

200 West Area. The CCU includes those deposits formerly referred to as the “Plio-Pleistocene
unit” and “pre-Missoula Gravels,” as well as the “early Palouse soil” and “caliche layer” in the
200 West Area. The CCUcc * ° of poorly sorted, interbedded, reworked loess, silt, sand, and
basaltic gravel (WHC-SD-EN-T1-290, Geologic Setting of the Low-Level Burial Grounds). The
subunit is interpreted to be a weathering surface developed on the top of the Ringold Formation
(WHC-SD-EN-T1-290; PNL-7336, Geohydrology of the 218-W-5 Burial Ground, 200 West
Area, Hanford Site) and consists of a lower carbonate-rich paleosol (caliche of the carbonate
unit) and an upper eolian facies. The carbonate-rich section consists of interbedded
carbonate-poor and carbonate-rich strata. The upper silty eolian facies previously was
interpreted to be early Pleistocene loess and was referred to as the early Palouse soil
(PNL-7336). Generally, it is well-sorted quartz-rich/basalt-poor silty sand to sandy silt
(BHI-00270, Preoperational Baseline and Site Characterization Report for the Environmental
" astoration Disposal Facility).

laciofluvial cataclysmic flood deposits of the Hanford formation are present throughout the
200 Areas. The Hanford formation consists of unconsolidated gravel, sand, and silts deposited
by cataclysmic floodwaters. These deposits consist of gravel-dominated and sand-dominated
facies. The gravel-dominated facies are cross-stratified coarse-grained sands and
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granule-to-boulder gravel. The gravel is uncemented and matrix-poor. The sand facies at
well-stratified fine- to coarse-grained sand and granule gravel. Silt in these facies is varia
may be interbedded with the sand. Where the silt content is low, an open-framework text
common.

Holocene-aged deposits overlie the Hanford formation a1 © : dominated by eolian sheets

id that form a thin* eer across the site, except in localized areas where the deposits ar
absent. Surficial deposits consist of very fine- to medium-grained sand to occasionally sil
sand. Silty deposits less than 1 m (3 ft) thick also have been documented at waste sites wt
fine-grained, windblown material has settled out through s 1ding water over many years.

2.3.4 Vadose Zone

In the 200 West Area, the vadose zone thickness ranges from 79 m (261 ft) in the southeas
corner to 102 m (337 ft) in the northwest corner. Sediments in the vadose zone are the Rir
Formation (the uppermost Ringold unit E and the Upper Ringold), the CCU, and the H: fi
formation. Erosion during cataclysmic flooding removed some of the Ringold Formation
CCU. Perched water historically 1s been documented above the CCU at locations in the
200 West Area. Because most discharge to the surface was ceased i the late 1980s, perch~-
water is infrequently encountered in the vadose zone.

Recharge to the unconfined aquifer in the 200 West Area is from a icial and possibly nat
sources. Any natu recharge originates from precipitation. Estimates of recharge from
precipitation at the Hanford S : range from 0 to 10 cm/yr (0 to 4 in/yr) and largely depend
soil texture and the type and density of vegetation. For areas where e ground cover is ass
to remain undisturbed, a rech e rate of 3.5 mm/yr was assumed, which is v hin the rang
values reported for shrub-steppe ground cover (PNL-10285, Estimated Recharge Rates at t
Hanford Site). For the disturbed areas above the w: e sites (i.e. stabilization cover), a recl
rate of 1.44 cm/yr has been assumed. Artificial recharge occurred when effluents such as
cooling water and process waste water were disposed to the ground. PNL-5506, Hanford S
Water Table Changes 1950 Through 1980 — Data Observations and Evaluation, reports the
between 1943 and 1980, 6.33 x 10" L (1.67 x 10'" gal) of liquid wastes were discharged to
soil column.

The 2607-W5 and 2607-W7 Septic Systems located in the U Plant Area continued to dischz
after 1980. The 2607-W7 Septic System was removed from service in 1999, and the 2607-
Septic System is expected to be removed from service in the next several years as the U Pla
closure progresses. The total effluent volume discharged through these systems is unknowr
however, during their operation, the discharge rates were estimated at 12,100 L/day for the
2607-WS Septic System and 1,000 L/day for the 2607-W7 Septic System.

According to HNF-EP-0527-12, Environmental Releases for Calendar Year 2002, by Augu
1997, all Central Plateau significant liquid-effluent discharges to the ground were either
discontinued or rerouted to the 200 Areas Treated Effluent Disposal Facility (TEDF).
Significant wastewater streams from the Plutonium Finishing Plant, T Plant, PUREX Plant,
B Plant, 242-A-81 Water Service Building, and 283-E and 283-W Water Treatment Plants 1
rerouted to the Central Plateau TEDF. Other rerouted streams consist of steam condensate ¢
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cooling water from the 242-A Evaporator, A Tank Farm, 244-AR Vault, and B Plant. Reporting
on individual contributory liquid effluent streams no longer is required. Data are reported on the
collective effluent discharged to the two Central Plateau TEDF disposal basins. Beginning in
November 1995, the Effluent Treatment Facility (ETF) began treating 242-A Evaporator process
condensate, which previously had been discharged directly to the ground. The ETF also treats
other radioactive liquids generated at the Hanford Site, such as groundwater from the 200-UP-1
Groundwater OU and wastewater from the 222-S Laboratory retention basins when the effluent
will not meet Central Plateau TEDF acceptance criteria. The ETF treats liquid waste by
filtration, ultraviolet oxidation, pH adjustment, and reverse osmosis before it is sampled,

alyzed, and approved for discharge to the State-Approved Land Disposal Site (SALDS). Data
are reported on the collective effluent discharged from the ETF in HNF-EP-0527-12 on a yearly
I s

According to PNNL-14301, Monitoring Plan for RCRA Groundwater Assessment at the
216-U-12 Crib, although process information suggests that several mobile constituents may have
been released to the crib, groundwater monitoring indicates that nitrate and Tc-99 (not Resource
Conservation and Recovery Act of 1976 [RCRA] dangerous waste constituents) are the only
significant contaminants of concern that have been detected. Nitrate and Tc-99 are mobile in the
groundwater. The vadose zone is a continuing source of these constituents to the groundwater.
Both nitrate and Tc-99 concentrations are declining as residual drainage from the vadose zone
beneath the crib decreases.

While the liquid waste disposal facilities were operating, many localized areas of saturation or
near saturation were created in the soil column. With the reduction of artificial recharge in the
200 Areas, these locally saturated soil columns are dewatering. As the soil column dewaters, the
moisture flux decreases. However, res’® ' isture in the vadose zone may remain for some
time. In the absence of artificial recharge, the potential for recharge from precipitation becomes
a primary driving force for contaminant movement in the vadose zone.

A SALDS is located 1,200 ft north of the 200 West Area exclusion fence and receives liquid

waste that has been treated at the Central Plateau ETF in the 200 East Area (Waste Information

Data System, 600-211 General Summary Report database), but has no impact on the vadose zone
the U Plant Area. -

2.3.5 Groundwater

The unconfined aquifer in the Central Plateau occurs in the Hanford formation, the CCU, and the
Ringold Formation. Groundwater in the unconfined aquifer flows from areas where the water
table is higher (west of the Hanford Site) to areas where it is lower (the Columbia River)
(PNNL-13788). In general, groundwater flow through the Central Plateau occurs in a
predominantly easterly direction, from the 200 West Area to the 200 East Area.

" istorical discharges to the ground greatly altered the groundwater flow regime, especially
around the 216-U-10 Pond (U Pond) in the 200 West Area and 216-B-3 (B Pond) in the

200 East Area. Discharges to the 216-U-10 Pond resulted in a groundwater mound developing in
excess of 26 m (85 ft). Discharges to the 216-B-3 Pond created a hydraulic barrier to
groundwater flow coming from the 200 West Area, deflecting it to the north through the gap
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between Gable Mountain and Gable Butte, or to the south of the 216-B-3 Pond. As the h
effects of these two discharge sites diminish, groundwater flow is expected to acquire a n
easterly course through the 200 Areas, with some flow possibly continuing through Gabl
(BHI-00469, Hanford Sitewide Groundwater Remediation Strategy — Groundwater Cont,
Predictions).

Groundwater in the 200 West Area occurs primarily in the Ringold Formation. The :ptl
water table varies from about 50 m (164  in the southwest corner near the 216-U-10 Po
greater than 100 m (328 ft) in the north. Beneath the 216-U-8 and 216-U-12 Cribs, depth
- water measures approximately 78 m (255 ft), and groundwater flow is to the southeast. T
water table beneath the 200 West Area is declining at a rate of 0.36 m/yr (1.2 ft/yr).

A pump-and-treat system associated with Tc-99 and uranium contar nation from the 21¢€
and 216-U-2 Cribs has operated since 1994 as part of remediation activities at the
200-UP-1 Groundwater OU and has treated more than 6.09 x 10° L "groundwater
(DOE/RL-2002-67, Fiscal Year 2002 Annual Summary Report for the 200-UP-1 and 200
Pump-and-Treat Operations).

24  NATURAL RESOURCES

Natural resources encompass many resources; included among these are soil, air, water,
vegetation, wildlife and soil biota, transportation, socioeconomics, noise, land usage, aes
and cultural resources. This section considers all of the above natural resources as assoc
with the 70 West Areaand tt U Plant. Recognizing that biological and ecological infc
assists in evaluating contaminant impacts and the potential effects of implementii  reme
action(s)  the environment, information compiled in DOE/F -2001-54, Central Platea
Ecological Evaluation, Draft B, has been included in the following sections. This inforn
includes plant community descriptions, identification of plant and wildlife species, and a
census data. Additional information pertaining to designated levels of habitat, including rar-
plant populations, identified under DOE/ ~ 96-32, Hanford Site Biological Resources
Management Plan (BRMaP), also is provided.

The data and descriptive information used in the following subsections were collected befor
range fire that occurred from June 27 to July 1, 2000, burning 163,884 acres on the central
of the Hanford Site and the Fitzner/Eberhardt Arid Lands Ecology (ALE) Reserve. Howeve
fire did not impact any of the waste sites being considered in this FFS. Further detailed
information regarding the ecological setting is provided in Appendix '

2.4.1 Vegetation

As documented in the BRMaP (DOE/RL-96-32), much of the land associated with the U P
facilities and waste sites has been disturbed by construction, operation, and waste managem
practices.

Most areas related to the U Plant Area are nonvegetated to sparsely vr~~tated with invasive
- grasses and forbs. Some native vegetation is present in less-disturbed areas within the 200
Area. Available habitat in the areas immediately adjacent to the U Plant study area is
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characterized as gray rubber rabbitbrush/cheatgrass (Chrysothamnus nauseosus/Bromus
tectorum) (DOE/RL-96-32). Many of the waste disposal and storage sites in the Central Plateau
have been backfilled with clean soil and planted with crested or Siberian wheatgrass (4gropyron
cristatum and Agropyron sibericum, respectively) to stabilize surface soil, control soil moisture,
or displace more invasive deep-rooted species like Russian thistle (PNNL-6415).

Distant to the U Plant Area, in the lesser-disturbed tracts of native shrub-steppe within the
nonindustrialized Central Plateau, the dominant shrub is big sagebrush (4rtemisia tridentata); the
understory is dominated by the native perennial, Sandberg’s bluegrass (Poa sandbergii) and the
introduced annual, cheatgrass (Bromus tectorum) (DOE/RL-96-32). Other shrubs typically
present include rabbitbrush (Chrysothamnus spp.), spiny hopsage (Grayia spinosa), and antelope
bitterbrush (Purshia tridentata). Other native bunchgrasses that also are present in shrub-steppe
communities of the Central Plateau include Indian ricegrass (Oryzopsis hymenoides) and
needle-and-th d grass (Stipa comata). Common herbaceous species include turpentine
cymopteris (Cymopteris terebinthinus), globemallow (Sphaeralcea munroana), balsamroot
(Balsamorhiza careyana), milkvetch (4stragalus spp.), yarrow (Achillea millefolium), dwarf
evening primrose (Camissonia pygmaea), and daisy (Erigeron spp.). These species may be
encountered incidentally in mosaic patches throughout the 200 West Area. Dwarf evening
primrose is a rare plant that has been identified on the Central Plateau, but it has not been
encountered in the U Plant study area. :

2.4.2 WVildlife

This section characterizes wildlife species that are present within the Central Plateau and that
have been previously identified in the 200 West Area. Wildlife species specific to the U Plant
Area will be identified in site-specific ecological resource reviews.

The largest mammal frequenting the Central Plateau is the mule deer (Odocoileus hemionus).
While mule deer are much more common along the Columbia River, the few that forage
1out the Central Plateau make up a distinct group called the Central Population
-11472, Hanford Site Environmental Report for Calendar Year 1996). A large elk herd
(Cervus canadensis) currently resides on the Fitzner-Eberhardt ALE, and a few animals
occasionally have been observed south of the 200 Areas.

Other ammals common to the Central Plateau are badgers (Taxidea 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 Central Plateau radioactive
waste sites (BNWL-1794, Distribution of Radioactive Jackrabbit Pellets in the Vicinity of the
™.C Cribs, 200 East Area, USAEC Hanford Reservation). The majority of badger diggings are a

sult of searches for food, especially for other burrowing mammals such as pocket gophers and
...ice. Pocket gophers, Great Basin pocket mice, and deer mice are abundant herbivores in the
200 Areas. These small mammals can excavate significant amounts of soil as they construct

eir burrows (e.g., Hakonson et al. 1982, “Disturbance of Low-Level Waste Burial Site Cover
by Pocket Gophers”). Mammals associated with buildings and facilities include Nuttall’s
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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 the BRMaP guidance. In addition, site-specific environmental surveys, required
before ground disturbance can occur, serve as a final check to ensure that ecological resources
are adequately protected. '

2.4.4 Cultural Resources

A comprehensive archaeological survey of the Central Plateau found artifacts in conjunction
with areas of high topographic relief or nearby sources of permanent water, but few artifacts
sociated with open, inland flats (PNL-7264, Archaeological Survey of the 200 East 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 northeast to southwest in the
northwest corner of the 200 West Area. The report concluded that additional cultural resource
reviews are required only for proposed projects within 100 m of this road. None of the waste
sites associated with the U Plant Area closure are within 100 m of this road (PNL-7264). -

PNL-7264 addressed only undisturbed portions of the Central Plateau and did not address
facilities and structures. The National Historic Preservation Act of 1966 requires agencies to

nsult with the State Historic Preservation Officer and the Advisory Council on Historic
Preservation to ensure that all potentially significant cultural resources, including structures and
i ociated sites, * ve been adequately identified, evaluated, and considered in planning for a
proposed undertaking (e.g., remediation, renovation, or demolition) (DOE/RL-97-56, Hanford
~" 2 Manhattan Project and Cold War Era Historic District Treatment 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). The treatment

" plan evaluated and classified waste sites and structures on the Hanford Site, including those in
‘he 200 Areas, and proposed recommendations for mitigation. Treatment options for mitigation
vere determined using 36 CFR 60, Section 60.4, “National Register of Historic Places,”
“Criteria for Evaluation.” None of the 200-UW-1 OU waste sites were recommended for
individual documentation as contributing properties. Sites beginning with “216”

(e.g., 216-U-5 Trench, 216-U-8 Crib) were identified as noncontributing exempt properties
(DOE/RL-97-56). Some sites not addressed in DOE/RL-97-56, such as unplanned releases and
septic tanks, that were not considered to be significant enough to be evaluated will be evaluated
under site-specific preremediation cultural resource reviews.

No cultural resources have been directly associated with 200-UW-1 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 review of plant and animal life may be
eonducted in concert with this effort.
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2.4.5 Aesthetics, Visual Resources, and Noise

With the exception of Rattlesnake Mountain, land on the Hanford Site generally is flat v tle
relief. Rattlesnake Mountain, rising to 1,060 m (3,478 ft) amsl, forms the southwestern
boundary of the Hanford Site, and Gable Mountain and Gable Butte are the next 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 hill,

located to the west and far north. The Columbia River, flowing across the northern part

Site and forming the eastern boundary, generally is considered scenic.

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

2.4.6 Socioeconomics

The Hanford Site plays a dor 1ant role in the socioeconomics of the Tri-Cities (the citie
Richland, Pasco, and Kennewick) and other parts of Benton and Fr: :lin Counties. Maj
changes in Hanford Site activity and employment likely would affect * :se areas.

In 2001, the average number of jobs in the Tri-Cities was 89,100 (PNNL-6415, Rev. 14)

these, the U.S. Department of Energy (DOE) and its prime contractors employed an aver F
10,700 people, making the Hanford Site the largest single source of . )loyment in the a ‘he
total wage payroll for the Hanford Site accounted for nearly 21 percent of the total wage 1e
in the area. In addition to the direct employment and payrolls, ' “ord Site activities als

support a large number of jobs in the local economy through their procurement of equipr
supplies, and business services. Direct procurements and subcontra ; represented about

12 percent of the total sales in the Tri-Cities economy during fiscal year 1999. Overall, ¢

28,250 Tri-Cities jobs, or 32 percent of the nonfarm jobs in the economy, are supported ¢ y
or indirectly by the Hanford Site payroll, procurements, and contracts (PNNL-6415, Rev

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

e Energy Northwest

o The agricultural community (including the ConAgra food processing plant)
e Tyson Fresh Meats Plant

o AREVAFramatome ANP

e Boise Paper Solutions

e Burlington Northern Railroad.

Tourism and government transfer payments to retirees in the form of pension benefits als
important contributors to the local economy.
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employing the analogous site concept, substantial benefit is realized in the early selection «
remedy that allows early cleanup action to be performed. The representative sites are disc
in this section, and the analogous site groupings are discussed in the following section. Ta
2-1 provides a listing of the representative waste sites and the analogous sites assigned to ¢
representative site. The criteria and rationale for selecting representative sites and assignir
analogous site groupings are discussed further in Section 2.6 of this FFS.

2.5.1 Representative Sites Information

Descriptions and historical use of the representative sites are briefly described below.
Representative site information has been compiled from the WIDS, supplemented by the
following reference documents:

DOE/RL-2000-60

e DOE/RL-95-106, Focused Feasibility Study for the 200-UP-2 Operable Unit

« DOE/RL-91-52

e BHI-00174, U Plant Ag_ gate Area Management Study Technical Baseline Repor
e PNNL-14301.

2.5.1.1 216-U-1 and 216-U-2 Cribs

The 216-U-1 and 216-U-2 Cribs have been selected as a representative site for the 200-UW
OU. Table 2-3 provides the rationale for selection of this site as a representative site, along
the background and a description of the analogous waste sites included in this group. This
section provides a brief description of the 216-U-1 and 216-U-2 representative site and its
background.

Although the 216-U-1 and 216-U-2 Cribs have individual site designations, they are connex
cascade by a stainless steel pipe. Each crib consists of a subsurface x-shaped wooden
structure constructed at the bottom of an open excavation that was backfilled. The* d
structure itself was not backfilled with gravel, and therefore remains as void space. Vent p:
were installed within the cribs and extended above the ground surface.

The waste discharged to the 216-U-1 and 216-U-2 Cribs passed through the 241-U-361 Set
Tank to remove suspended solids. From 1951 to 1957, the 216-U-1 and 216-U-2 Cribs rec
cell drainage from the 5-6 tank in the 221-U Canyon Building, waste from the conversion o
uranyl nitrate to UO; in the 224-U Building, 276-U Building solvent scrubbing waste, and 1
from the 224-U Building UO3 equipment decontamination liquids. The uranium recovery
process operations in the 221-U Canyon Building were shut down from 1957 until May 19¢
after which these cribs received waste from the 224-U Facility UO; equipment decontamins
waste and reclamation waste from the 221-U Canyon Building (WHC-SD-EN-ES-040,
Engineering Study of 50 Miscellaneous Inactive Underground Radioactive Waste Tanks Lo,
at the Hanford Site, Washington).

In the spring of 1953, organic wastes and cell drainage from the TBP process in the 221-U
Facility and waste frc — the 224-U Building (UO;) overflowed to the ground. Contaminatic
covered an area of approximately 4.6 m* (50 ft*). The area where the release occurred is
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currently marked as an Underground Radioactive Material Area, which contains the

216-U-1 Crib, 216-U-2 Crib, and the 241-U-361 Settling Tank. A portion of the 2607-W5 Septic
Tank and Tile Field also is included in the Underground Radioactive Material Area. This area
was designated as UPR-200-W-19; see Section 2.5.1.5 for further discussion.

In early 1985, liquid discharges to the 216-U-16 Crib were sufficient to pool above a caliche
layer (about 165 ft below the surface), move laterally northward below the 216-U-1 and
216-U-2 Cribs, and transport uranium from those cribs through holes in the caliche layer to
groundwater. The resulting uranium and Tc-99 groundwater plume continues to be addressed
today by the 200-UP-1 Groundwater OU pump-and-treat system.

Characterization data from three borings installed in the 1994 200-UP-2 Groundwater OU LFI
are available in DOE/RL-95-106.

2.5.1.2 216-U-8 Crib

The 216-U-8 Crib has been selected as a representative site for the 200-UW-1 OU. Table 2-4
provides the rationale for selection of this site as a representative site, along with the background
and a description of the analogous waste sites included in this group. This section provides a
brief description of the 216-U-8 Crib representative site and its background. The 216-U-8 Crib
is located approximately 137 m (450 ft) west of Beloit Avenue and 229 m (750 ft) south of 16"
Street. The crib received acidic process condensate from the 221-U and 224-U Buildings, along
with drainage from the 291-U-1 Stack via an underground 15 cm (6—in.) VCP. The site is
marked and posted with Underground Radioactive Material Area signs.

The site consists of three wood timber cribs in series at the bottom of a backfilled trench oriented
north-south. The bottom of the excavation measures 48 by 15 m (160 by 50 ft). Each timber
crib measures 4.9 by 4.9 by 3.0 m deep (16 by 16 by 10 ft). The cribs were filled with crushed
stone to the tops of the timber structures. The site contains roughly 2,070 m® (73,000 ft*) of
gravel fill within the three timber crib structures.

The 216-U-8 Crib was in operation from June 1952 to March 1960, when it was deactivated by
blankii the pipe”™ approximately 18 m (60 ft) north of the unit when ground settling occurred
around the crib vent risers. ..ie effluent was rerouted to the 216-U-12 Crib. ...2 sink holes were
bac’ “lled around the vent risers.

In 1994, the area over the crib and a portion of the VCP were stabilized. About 8 to 10 cm (3 to

4 in.) of soil were removed from the area above the VCP (200-W-42 VCP/UPR-200-W-163) and
consolidated over the top of the 216-U-8 Crib. The area over the crib and consolidated soils was
covered with about 0.5to 0.6 m (1.5 to 2 ft) of soil (BHI-00268, 216-U-8 and

UN-216-W-33 Interim Stabilization Final Report).
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2.5.1.3 216-U-12 Crib

The 216-U-12 Crib has been selected as a representative site for the 200-UW-1 OU. T
provides the rationale for selection of this site as a representative site, along with the b:
and a description of the analogous waste sites included in this group. This section proy
brief description of the 216-U-12 Crib representative site and its background.

The 216-U-12 Crib is located in the 200 West Area about 650 m (2,130 ft) south of the
Facility 140 m (460 ft) north of Beloit Avenue and is south of the 216-U-8 Crib. The
216-U-12 Crib was built in 1960 to replace the 216-U-8 Crib when it showed signs of ¢
The 216-U-12 Crib was operational until 1988, when the pipeline was cut  d capped.
216-U-12 Crib was replaced by the 216-U-17 Crib. In 1992, the site surface was radio.
surveyed and downposted from a Surface Contamination Area to an Underground Radi
Material Area. (See Plate 1, located in a pocket at the end of this FFS).

The 216-U-12 Crib, a percolation unit, was used to dispose of UO; (uranium-oxide) prc
condensate. The unit was designed to receive mixed waste (corrosive, D002) from the
Facility, via a 15 cm (6-in.) VCP, for approximately 5 minutes every hour, at the rate o:
378 L/min (100 gal/min), and to dispose of the process condensate by percolation into 1
column (DOE/RL-95-13). These process condensate discharges were considered only :
dangerous waste because of corrosivity caused by the 221-U Facility operations.

From April 1960 to May 1967, the site received 291-U-1 Stack drainage; 241-WR Vau.
and 224-U Building process condensate via the C-5 Tank in the 224-U Building. Cont:
water that included 3.14 kg (6.9 1b) of thorium from the 241-WR Vault was discharged
crib in October 1965. From ! 1y 1967 to September 1972, the site received the above 1
(excluding the 241-WR Vault waste) and occasional waste via the C-7 Tank in the 224-
Building. From September 1972 to November 1981, the site was taken out of service.
November 1981 to January 1987, the site received ¢« 1sive process condensate (corros
"™002] typical pH 1 118 0.5-1.5 © the =~ U "l ™ In 1987, the process conc
was administratively controlled, to prevent corrosive dai 1s waste discharge to the -
Crib, by neutralizing the condensate before it was discharged. The pH during operation
from 0.5 to 1.5. During periodic shutdown of the plant, the pH ranged from 2.0 to 4.0.
continued to receive process condensate until 1988, when the crib pipeline was cut and
permanently capped.

The crib (Figure 2-5) is approximately 4.6 m (15 ft) deep and contains no structure (othe
backfill, vent risers, and VCP). The bottom of the crib measures 30 m (100 ft) long and
(10 ft) wide. The crib was constructed with approximately 2:1 (horizontal:vertical) eart.
sideslopes. The surface dimensions of the crib excavation are 46 m (150 ft) long by 18
wide according to Hanford Site Drawing H-2-31322, Crib Details of No. 216-U-12 Disy
UQO; Plant Condensate. The bottom 2.1 m (7 ft) of the crib were backfilled with gradua
layers of sand and gravel that are covered with a polyethylene barrier. The crib is backf
soil to the ground surface. A perforated 30 cm (12-in.) VCP runs horizontally the lengtt
unit below grade. A 4 m (13-ft) long, 30 cm (12-in.) diameter VCP serves as a vent rise
south end, extending from 3 m (10 ft) beneath the surface to 0.9 m (3 ft) above grade. B

2-20

5
and

ww
“ e

12

1t

n




DOE/RL-2003-23 REV 0, April 29, 2005

hearsay, it is assumed that the risers were set within the gravel beds and served to vent the void
space. Air was displaced by the liquid influent.

A 15-cm (6-in.) VCP waste line conveyed waste to the crib from the location where the
216-U-8 Crib feed line was blanked off and diverted to the 216-U-12 Crib. Two 5.2 m (17-ft)
long VCP liquid-level monitoring wells extend 0.9 m (3 ft) above the surface. According to
Hanford Site Drawing H-2-31322, the diameters of these wells are 20 ¢m (8 in.) and 46 cm

(18 in.), respectively. Each well was installed on a precast concrete block extending 0.3 m (1 ft)
below the bottom of crib backfill. No stabilization soil cover has been placed over the site.

T'he 216-U-12 Crib is the only RCRA treatment, storage, and/or disposal (TSD) unit in the
200-UW-1 OU. The original RCRA Part A permit application (Part A), Form 3 (Rev. 0), was
submitted to the Washington State Department of Ecology (Ecology) in 1987

(DOE ™" 2000-60, Appendix A).

2.5.1.4 216-U-4 Reverse Well/216-U-4A French Drain

The 216-U-4 Reverse Well and 216-U-4A French Drain have been selected as a representative
site for the 200-UW-1 OU. Table 2-6 provides the rationale for selection of this site as a
representative site, along with the background and a description of the analogous waste sites
inrluded in this group. This section provides a brief description of the 216-U-4 Reverse Well

.216-U-4A French Drain representative site and its background. These sites are discussed as
a oingle representative waste site because of their prox1m1ty to one another and because they
received the same waste stream.

The 216-U-4 Reverse Well is located 5.2 m west and 0.6 m north of the 222-U Laboratory. The
well is located inside the fence of the UO; exclusion area. As defined in the Hanford Federal
Facility Agreement and Consent Order (Ecology et al. 1989), a reverse well is a “...liquid waste
disposal structure consisting of a well (sometimes drilled into the water table) into which waste
solutions were pumped.”

si consists of a deactivated reverse well and a (replacement) French dr: *~  The well site
ved acidic decontar ~ ti  waste contair~  fission products from the 222-U Laboratory
v0d sinks. The well site is marked with a small cement cover and a bronze marker. It is posted
__ an Underground Radioactive Material Area. The well site began to receive waste in
March 1947 and was retired when the unit was plugged in July 1955. The well site was
deactivated by installing an overflow line to the new 216-U-4A French Drain.

The well consists of a 7.6~cm (3—in.)-diameter pipe installed 23 m (75 ft) into the ground with
the bottom 8 m (25 ft) of pipe perforated. The end of the pipe was nearly closed by flattening.
An overflow pipe connects the 216-U-4 Reverse Well with the 216-U-4A French Drain. No
stabilization cover exists over the 216-U-4 Reverse Well.

The 216-U-4A French Drain is located at the southwest corner of the 222-U Laboratory. The
216-U-4A French Drain is located 0.3 m southeast of the 216-U-4 Reverse Well (BHI-00034,
Borehole Summary Report for the 200-UP-2 Operable Unit, 200 West Area). This site is posted
as an Underground Radioactive Material Area. The top of the drain is painted yellow and has a
removable lid. The site operated from July 1955 to July 1970. From July 1955 to January 1965,
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the site received acidic decontamination waste containing fission products from hood si
222-U Laboratory. Waste flowed to the 216-U-4A French Drain via the overflow line fi
216-U-4 Reverse Well. From January 1965 to July 1970, the site received Pacific Nortt
Laboratory operations decontamination waste from a hood sink int] 222-U Laboratory
site has been inactive since Pacific Northwest Laboratory operations in the 222-U Labor
were shut down.

The site consists of a 1.3-m (51-in.)-diameter concrete pipe placed vertically in the grou
pipe extends downward a minimum of 1.2 m (4 ft) and its top is 1.5 m (5 ft) below grade
pipe is not gravel filled and is covered by a 12.7-cm (5-in.)-thick wooden lid. The drain
undisturbed soil. A 7.6-cm (3-in.)-stainless steel pipe runs from the 216-U-4 Reverse W
216-U-4A French Drain a few centimeters below its lid.

2.5.1.5 Unplanned Release UPR-200-W-19

Unplanned release UPR-200-W-19 has been selected as a representative site for the 200-
OU. Table 2-7 provides the rationale for selection of this site as a representative site, alc
- the background and a description of the analogous waste sites included in this group. Th
section provides a brief description of the UPR-200-W-19 representative site and its bacl

The UPR-200-W-19 site is located north of 16™ Street, near the 241-U-361 Settling Tank
216-U-1 and 216-U-2 Cribs. In the spring of 1953, organic wastes and cell drainage fror
TBP process in the 221-U Facility and waste from the 224-U Building (UO3) overflowed
ground by way of the 241-U-361 Settling Tank and the 216-U-1 and 216-U-2 Crib vents.
Contamination readings of 11.5 rad/h at a distance of 7.6 cm (3 in.) were reported over a
appro " ately 4.6 m? (50 ft%). The area where the release occurred is marked as an Unde
Radioactive Material Area, which contains the 216-U-1 Crib, 216-U-2 Crib, and the
241-U-361 Settling Tank. A portion of the 2607-W5 Septic Tank and Tile Field also is i:
in the Underground Radioactive Material Area.

As noted in Section 2.5.1.1, the unplanned release was the result of an overflow in the sp.
1953. Later that year, decontamination was @  npted and the area was backfilled, deline
a wooden fence, and posted with Radiation Zone signs. In 1992, contaminated soil in the
vicinity of the 216-U-1 and 216-U-2 Cribs was scraped and consolidated near the
241-U-361 Settling Tank. Stabilization actions conducted at the site in 1991 included rer
approximately 15 to 30 cm (6 to 12 in.) of soil from the areas associated with UPR-200-V
the 216-U-1 and 216-U-2 Cribs, and the 2607-W5 Septic Tank and Tile Field and consol;
it southeast of the 241-U-361 Settling Tank (WHC-SD-DD-TI-063, 216-U-1 and 216-U-.
Interim Stabilization Final Report). Stabilization cover 46 to 61 cm (18 to 24 in.) thick w
placed over the areas that were not removed from radiological posting. The surface surro
the 241-U-361 Settling Tank was surface stabilized with 10 cm (4 in.) of shotcrete
(WHC-SD-DD-TI-063). In 1994, contamination specks were found on the surface again,
presumably caused by insect intrusion. Approximately 63 m* (700 ft*) of contamination v
covered with clean dirt to restore the area to an Underground Radioa: ve Material Area.
area was downposted from a Surface Contamination Area to an Underground Radioactive
Material Area.
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2.5.2 Summary of Data Collection Activities

The 200-UP-2 Groundwater OU LFI, conducted in 1994, included surface and subsurface
sampling activities at several 200-UW-1 OU waste sites. These sites include the four
representative waste sites listed in Section 2.5.1 as well as the 200-W-42 VCP/UPR-200-W-163
site.

Along with the collection of surface and subsurface samples, radionucli : logging using the

Radionuclide Logging System (RLS) was performed at several boreholes at selected sites.
Contaminants detected with the RLS generally correlate well with data from sediment samples
analyzed in the laboratory. Discrepancies in results between the RLS and laboratory analysis are
likely the result of differences in the methods. Results from the RLS are biased, because inputs
'0 the detector are averaged values 0.6 m (2 ft) above and below the tool. This represents an

" ' -val generally larger than the sediment sample interval.

'I'he following sections provide a brief summary of field activities conducted under the LFI.
2.5.2.1 216-U-1 and 216-U-2 Cribs

This section is a summary of information provided in the LFI (DOE/RL-95-13). Three boreholes
were drilled near the 216-U-1 and 216-U-2 Cribs system, to focus on the effects of a lateral
nigration of effluent from the 216-U-16 Crib along an impermeable caliche layer, northward to
beneath the 216-U-1 and 216-U-2 Cribs (RHO-RE-SA-116P, Characterization and Anion
Exchange Removal of Uranium from Hanford Groundwater; DOE/RL-91-52). The discharge of
large volumes of cooling water to the crib in 1984-1985 resulted in the mobi' ~*ion of
contaminants from the vadose zone beneath the 216-U-1 and 216-U-2 Cribs to groundwater. All
horeholes were drilled into or through the caliche layer.

Iso of interest were the effects of the active use of the 2607-WS5 Septic Tank and Tile Field,
which lies roughly 15 m (50 ft) northeast of the 216-U-1 and 216-U-2 Cribs. This system
received roughly 12,000 L/day (3,200 gal/day) of sanitary waste and sewage discharge.
DOE/RL-95-13 speculates that water discharged to drain fields is a potential reason for
continued urani  :ontamination of groundwater.

3 part of the LFI, the integrity of the 216-U-1 and 216-U-2 Cribs effluent pipeline was
evaluated in 1994. The pipeline is a 7.6-cm (3-in.) stainless steel line that transferred liquid
waste from the 221-U Facility and its support facilities to the 216-U-1 and 216-U-2 Cribs
system. The results of this survey are discussed in Section 2.5.3.5.

2.5.2.2 216-U-8 Crib

This section is a summary of the data collection activities at the 216-U-8 Crib during the LFI
(DOE/RL-95-13). At the time of LFI activities, a surface contamination area (SCA) surrounded
the 216-U-8 Crib and extended north to 16" Avenue along the route of the

200-W-42 VCP/UPR-200-W-163 site. The 216-U-12 Crib was designated as an Underground
‘Radioactive Material Area. The area surveyed consisted of the SCA associated with the
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216-U-8 Crib. Roughly 20,000 m” of the area was surveyed with the Ultrasonic Ranging :
Data System (USRADS).”> The area with the h™ “iest activity level was directly over and a
the 200-W-42 VCP/UPR-200-W-163 site, with additional elevated readings found scattere
throughout the remainder of the survey area. These findings fit with the conceptual model
area.

As part of the LFI, an in-line camera survey of the VCP was conducted. The intention of 1
survey was to document the condition of the pipe material and the joints along the pipeline
was also done to help evaluate any correlation that might exist between surface contamina
and the condition of the pipeline. The pipeline was entered from tw excavations, to view
much of the line as possible and to view both of the sections that lead to the 216-U-8 Crib
the 216-U-12 Crib.

As a result of the surface radiation survey and the camera survey of this system, 4 surface :
samples and 4 vegetati  samples were collected to characterize the SCA, and a total of 17
samples (including surface and subsurface) and 4 vegetation samples were collected to
characterize the VCP soils.

The maximum concentrations for all analytes generally can be found in the soils closest to
200-W-42 VCP/UPR-200-W-163 site except for Sr-90, which is fc 1 at its maximum
concentration in vegetation samples. Lateral spreading of contaminants also was investiga
one location. This location showed minimal lateral movement of contaminants. A graphic
presentation of surface and subsurface analytical data and a detailed discussion of sample s
selection and sample collection are contained in BHI-00033, Surface and Near Surface Fie
Investigation Data Summary Report for the 200-UP-2 Operable Unit.

During the LFI, contamination beneath the 216-U-8 Crib was assessed by collecting soil sa
from borehole 299-W19-94. Boreholes in the vicinity of the crib were logged with the RL
Borehole 299-W19-94 was dr ed halfway between two of three equally spaced undergrou
timber structures on the northern half of the v te site. = ™ les were ¢ ' cted 1
analyzed for volatile organic compounds; semivolatile organic compounds; inorganics; cya
fluoride; chloride; nitrate; nitrite; sulfate; gross alpha and gross beta; total uranium; radiois
including Cs-137, Co-60, and Sr-90; dry density; moisture content; specific gravity; calciu
carbonate; and porosity. Borehole 299-W19-94, as well as others in the vicinity of the crib
logged with the RLS to determine the presence of manmade and nat 1lly occurring
gamma-emitting radionuclides. Three of the boreholes (299-W19-70, 299-W 3-71, and
299-W19-2) are existing wells and are part of the crib-monitoring system. The maximum ¢
of the investigation was 61 m (199 ft). RLS logs are available for boreholes 299-W19-70,

2 USRADS is a trademark of CHEMRAD Tennessee Corporation, Oak Ridge Tennessee. The USRADS radi
detection equipment consisted of a sodium iodide detector reporting gamma in counts per minute and a micro
Roentgen meter reporting dose rate information in micro Roentgens per hour. The gamma detector was suspe
in. from the soil surface, with the dose rate meter positioned 3 ft high attached to a backpack worn by a techni
The instruments were connected to a CHEMRAD Tennessee Corporation Series 2000 USRADS to record the
detector readings (BHI-00033).
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Future Action). It is hypothesized that the uranium reached groundwater by way of an
improperly sealed well. Water discharged from the 2607-W5 Tile Field also may have
contributed to contaminant migration from the 216-U-1 and 216-U-2 Cribs to groundwatei
(DOE/RL-95-13). A contaminant profile and discharge plot for the cribs are  own in
Appendix H.

Soil sediment data and RLS data from boreholes 299-W19-95 and 299-W19-97 showed lit
no lateral spread of contamination at the caliche layer. Sedimentar RLS data do point to
constituents remaining in the soil column directly beneath the 216-U-1 and 216-U-2 Cribs.
These concentrations decreased as the investigation moved away from the crib, yet

contamination is present at reduced levels (generally near background) throughout the exp:
the borehole. As the investigation approached the caliche layer, located  roughly 52 m (1
bgs, an increase in uranium isotopes beneath the crib was seen both in sediment and in RL:

As part of the LFI, the integrity of the effluent pipeline feeding the 216-U-1 and 216-U-2 (
was evaluated. The pipeline is a 7.6-cm (3-in) stainless steel line that transferred liquid wa
from the U Plant and its support facilities to the 216-U-1/2 Cribs system. An in-line camer
survey was performed to visually examine 120 to 150 m (400 to 500 ft) of the pipeline’s in
When the pipeline was cut to gain access for the camera survey, wipe samples of the pipeli
interior showed up to 30,000 ¢/min. There was no surface radiological survey dedicated to
examining surface radiological conditions for this pipeline. However, a portion of the surf
over the stainless steel pipeline was included in the surface survey of the 216-U-1 and 216-
Crib area. The area above the stainless steel pipeline did not show elevated readings above
readings shown in adjacent areas surveyed, and therefore no evidence of releases from the
stainless steel pipeline are apparent at the ground surface. Visual field inspections were
consistent with the survey results. The camera survey performed on e stainless steel pipe
showed the following.

 No loss of integrity was found in the line.
e The exterior of the pipe as well as the surrounding soil showed no radiological actiy
¢ Minor amounts of liquid remained at low spots along the line.

e The final 6 to 9 m (20 to 30 ft) before entering the 241-U-361 Settling Tank was tot
filled with liquid.

e Some areas of the system contained a slag/crusty material.

o Two tie-ins from other pipelines were verified with the camera survey (one from the
276-U Solvent Handling Building and the other from the U Plant).

2.5.3.2 216-U-8 Crib

The current understanding of the nature and extent of contamination at the 216-U-8 Crib is
summarized from DOE/RL-95-13, BHI-00034, and DOE/RL-95-106. Figure 2-7 provides
conceptual contaminant distribution model for this site.
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sample at 60 m (197 ft) bgs was collected at the bottom of the caliche layer. Borehole 2
19-94 did not continue to groundwater, which in 1994 was approximately at 75 m (245 {

Groundwater data from well 299-W19-2 on the east side of the crib shows Sr-90 concen
in groundwater. The maximum concentration in groundwater at this well was approxim:
170 pCi/L in 1962 (DOE/RL-98-48, Groundwater/Vadose Zone Integration Project Scie
Technology Summary Description, Vol IlI, Rev. 1). The well recently was decommissio:
because of dropping water level. The strontium was made more mobile by the acidic wa
stream and the addition of calcium 1ons (the 271-U Neutralization = 1k was in use for p:
216-U-8 Crib operation) which competed with the soil sites where strontium would have
captured .

In addition to the contaminants of potential concern described above, arsenic, chromium
Am-241, Eu-154, Np-237, Pu-238, Pu-239/240, Ra-226, Ra-228, and Th-234 were detec
during the LFI. The distribution and presence of these contaminants of potential concerr
soil column are slightly above background, single detects, and sporadic detection.  sun
all contaminants detected during the LFI is presented in BHI-00034. A contaminant pro:
discharge plot for the 216-U-8 Crib is shown in Appendix H.

The effluent volume discharged at this site is greater than the soil pore volume, as indica
Table 2-4. These data indicate an impact to groundwater at this site. Impacts to groundv
near the 216-U-8 Crib and major plumes in the vicinity of the 200 West Area are discuss
further in Section 2.5.4.

2.5.3.3 216-U-12 Crib

This section is a summary of the nature and extent of contamination associated with the
216-U-12 Crib from DOE/RL-2000-60. Figure 2-8 provides a conceptual contaminant
distribution model for this site. The nature dex t of contamination at the 216-U-12
was evaluated usitr the ©7 3 and soil data. The RLS data from borehole 299-W22-75 pr
the only data available to evaluate contamination directly through the 216-U-12 Crib. D:
obtained from this borehole over a log interval of 57 m (175 ft) in 1991. The RLS and ar
chemistry data from borehole 299-W22-78 provide information to assess contamination
immediately adjacent to the crib. Data were collected from this borehole to a depth of 71
(233 ft) in 1994 to support the 200-UP-2 Groundwater OU LFI (DOE/RL-95-13). Altho
chemistry data are not available to evaluate contamination directly beneath the 216-U-12
DOE/RL-95-13 and DOE/RL-95-106 suggest that the site is similar to the 216-U-8 Crib.
sites are located relatively close together and received the same type of waste, although tl
216-U-12 Crib waste stream was more dilute.

Three manmade radionuclides (Cs-137, U-235, and U-238) were identified beneath the
216-U-12 Crib with the RLS. Cesium-137 was detected to a maximum depth of 8 m (59
Concentrations greater than 5,000 pCi/g were detected at 6 to 8 m (20 to 25 ft) bgs. The
maximum activity was estimated at 16,100 pCi/g at 7 m (23 ft) bgs. Cesium-137 detectec
the RLS adjacent to the crib in borehole 299-W22-78 was less than 1 pCi/g at less than 0.
(1 ft) bgs. Cesium-137 was not detected in soil samples collected in the adjacent borehol:
Cesium-137 concentrations generally decreased with depth at the crib and were not detect
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depths greater than 8 m (59 ft) bgs. Uranium-235 was detected within a 2-m (7-ft) zone beneath
the crib at a depth between 22 and 24 m (73 and 80 ft) with the RLS. The maximum activity of
U-235 in this zone is approximately 20 pCi/gand cc | nds to maximum U-238
concentrations detected with the RLS. The maximum concentration (500 pCi/g) of U-238 was
detected 23 m (77 ft) bgs and indicates that higher concentrations were detected with depth.
Uranium-238 initially was detected at a depth of 5 m (17 ft) (approximate depth of inlet pipe) to
a maximum depth of 24 m (80 ft). Its distribution above the hot spot is sporadic. Uranium was
detected in soil samples throughout the vadose zone adjacent to the crib to a depth of 70 m

(230 ft). Activities typically were less than 1 pCi/g, except as noted.

Uranium isotopes were detected 4 to 7 m (13 to 23 ft) bgs, adjacent to the 216-U-12 Crib, in
borehole 299-W22-78. A maximum of 66 pCi/g was detected with the RLS at the bottom of the
crib 6 m (19 ft) bgs. Isotopic uranium detected in soil chemistry samples adjacent to the crib was
less than 1.1 pCi/g. Soil sampling efforts from borehole 299-W22-78 near the 216-U-12 Crib
indicate that the constituents were not detected above background levels (DOE/RL-95-13).
Higher levels of contaminants likely were not detected because the soil samples were collected
outside of the crib. These data suggest that the lateral spread of contaminants at the crib may be
limited to the © mediate area of the crib. A contaminant profile and discharge plot for the
216-U-12 Crib is shown in Appendix H.

The effluent volume discharged at this site is greater than the soil pore volume, as indicated in
Table 2-5. These data indicate that there has been impact to groundwater at this site. The status
of groundwater contamination in the vicinity of the 216-U-12 Crib is described in PNNL-14187,
Hanford Site Groundwater Monitoring for Fiscal Year 2002, and indicates that the site in the
past was one of several contributing sources.

PNNL-14187 indicates that the 216-U-12 Crib is the source of elevated nitrate and Tc-99 that
have been detected in downgradient wells. The regional nitrate and Tc-99 plumes are a
:0-mingled series of smaller plumes with sources from several cribs (216-U-1, 216-U-2,
216-U-8, and 216-U-12) in the U Plant area. Iodine-129 and tritium were detected repeatedly in
s€ "1 " monitoring wells downgradient from the 216-U-12 Crib, but the sources appear to be the
RepuX Plant effluent disposal cribs that are upgradient of the 216-U-12 Crib.

2.5.3.4 216-U-4 Reverse Well/216-U-4A French Drain

This section provides a summary of the nature and e3> 1t of contamination associated with the
216-U-4 Reverse Well and 216-U-4A French Drain from the LFI (DOE/RL-95-13). During the
LFI, the 216-U-4 Reverse Well and 216-U-4A French Drain system was characterized with a
vadose zone borehole, 299-W19-98. Borehole 299-W19-98 was drilled to a depth of 61 m
(195 ft). Figure 2-9 provides a conceptual contaminant distribution model for this site.
Subsurface soil samples from the LFI showed two distinct areas of contamination. The first is
associated with the 216-U-4A French Drain and extends to a depth of 5 m (16 ft). In this zone,
Am-241 (200 pCi/g) and Cs-137 (420 pCi/g) are at their maximum concentrations. Between
5and 11 m (16 and 37 ft) of depth, activity levels are near or below background. Atthe 11 m
(37 ft) depth, activity levels once again increase, extending to a depth of roughly 30 m (100 ft),
with maximum concentrations located at or near the top of the 216-U-4 Reverse Well screening
interval (roughly 20 m [60 ft] bgs). Within this zone the maximum concentrations of Am-241
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(190 pCi/g), Cs-137 (1,980 pCi/g), Eu-152 (0.6 pCi/g), Np-237 (0.85 pCi/g), U-234 (5.8 p
and U-238 (7.8 pCi/g) are seen. RLS data show similar contaminant distribution and
concentrations to the subsurface soil sampling data. A maximum Cs-137 concentration of
1,460 pCi/g was detected with RLS at 19 m (62 ft).

Very little activity above background levels is seen from 30 m (100 ft) to the top of the cal
layer located at roughly 53 m (175 ft) of depth. At the caliche layer, Am-241 (0.8 pCi/g),

Eu-152 (0.2 pCi/g), U-234 (1.8 pCi/g), U-235 (0.08 pCi/g), and U-238 (1.6 pCi/g) once ag
found above background levels.

2.5.3.5 Unplanned Release UPR-200-W-19

This section provides a summary of the nature and extent of contamination associated witk
UPR-200-W-19 site, based on surface soil observations from the LFI (DOE/RL-95-13).
Figure 2-10 provides a conceptual contaminant distribution model for this site. Unplanned
release UPR-200-W-19 occurred when the 241-U-361 Settling Tank and 216-U-1 and
216-U-2 Cribs overflowed to the ground surface.

The shallow subsurface soil samples collected from soil borings 299-W19-96 and 299-W1'
show a maximum concentration of Cs-137 and Sr-90 of 259 pCi/g and 42 pCi/g, respective
These soil samples were collected at depths above the discharge depth of the 216-U-1 and
216-U-2 Cribs. Surface soil samples in the vicinity of the unplanned release have shown
maximum levels of Cs-137 and Sr-90 of 53 pCi/g and 8.4 pCi/g, respectively.

Shallow subsurface soil samples from soil borings 299-W19-96 and 299-W19-97 and surfz
soil samples in the vicinity of the unplanned release show uranium concentrations at or slig
above background levels. Although higher levels of uranium contamination were found de
in the vadose zone beneath the 216-U-1 and 216-U-2 Cribs, the concentration of uranium
associated with unplanned release UPR-200-W-19 are believed to be low, because the amo
uranium present in the waste stream was significantly lower than the amount of Cs-137 anc
Sr-90. Because the levels of Cs-137 and Sr-90 contamination near the surface of the 216-U
and 216-U-2 Cribs are significantly lower than deeper in the vadose zone, the levels of urar
contamination near the surface e expected to be low. This is consistent with.a one-time r
to the surface from the crib vent risers.

Surface soil investigations point to movement of contamination from the surface of the 216
and 216-U-2 Cribs and 241-U-361 Settling Tank to the surrounding area. This surface
contamination is found to the east of the 216-U-1 and 216-U-2 Cribs and 241-U-361 Settlin
Tank and north to the 2607-W5 Septic Tank and Tile Field. It also is suspected that some c
surface contamination in this area may have resulted from upward migration of deeper
contaminants from the 216-U-1 and 216-U-2 Cribs and the 241-U-361 Settling Tank throug
root hydraulic uplift from veg ition. The area around the 216-U-1 and 216-U-2 Cribs and
241-U-361 Settling Tank currently are chemically controlled to prevent growth of vegetatio
this migration pathway likely has been reduced.
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216-U-16 Crib (WHC-EP-0133). Additional discussion of the trends of constituents assoc
with the plume beneath the 200-UW-1 OU are provided in Section 2.5.4.4.

2.5.4.2 Summary of Groundwater in the Vicinity of the 216-U-8 Crib

The status of groundwater contamination in the vicinity of the 216-U-8 Crib is described i
PNNL-13116, Hanford Site Groundwater Monitoring for Fiscal Year 1999, which indicat
this site was one of several sources contributing to the impact. The report indicates that ni
carbon tetrachloride, I-129, tritium, and uranium exceed groundwater protection
standards/guidelines in e vicinity of the crib. Uranium is a major groundwater contamin
the 216-U-8 Crib and was monitored in groundwater at borehole 299-W19-2. No groundv
data are available to evaluate impact on the aquifer at the crib during the periods of effluer
discharge (1952 to 1960), according to DOE/RL-2000-60. Monitoring at the crib began in
was stopped in the spring of 1990, was resumed ¢ - 1in in the summer of 1994, and finally +
discontinued in 1995 because well 299-W19-2 did not produce enough water for sampling
because of the decline in the elevation of the water table across the 200 West Area. The w
was decommissioned in March 1998. Trend analysis indicates that uranium has been detes
the aquifer since monitoring began. Between 1974 and 1984, uranium concentrations wert
decreasing over time and ranged between 1 and 71 pg/L.

After 1986, uranium concentrations increased sharply to approximately 150 ng/L, exceedii
maximum contaminant level (MCL) of 30 pg/L.. A general decrease in the level of

contamination was observed after 1989; however, sampling was halted. Samples collected
1994 and 1995 typically ranged between 14.5 and 79 pCi/L. A summary of more recent tre
in uranium concentrations in the 200-UP-1 Groundwater OU is provided in Section 2.5.4.4

2.5.4.3 Summary of Groundwater in the Vicinity of the 216-U-12 Crib

The status of groundwater contamination in the vicinity of the 216-U-12 Crib is described
PNM" 14187, " licat thatthesite = ~ :pastw oneofseve contributii sources

PNNL-14187 indicates that the 216-U-12 Crib is the source of eleva 1 nitrate and Tc-99 tl
have been detected in downgr: " nt wells. The regional nitrate and Tc-99 plumes are a
co-mingled series of smaller plumes with sources from several cribs (216-U-1, 216-U-2,
216-U-8, and 216-U-12) in the U Plant area. Iodine-129 and tritium were detected repeatec
several monitoring wells downgradient from the 216-U-12 Crib, but the sources appear to t
REDOX Plant effluent disposal cribs that are upgradient of the 216-U-12 Crib. Additional
discussion of the trends of constituents associated with the plume beneath the 200-UW-1 O
provided in Section 2.5.4.4. :

2.6 EVALUATION OF THE ANALOGOUS
WASTE SITES

DOE/RL-96-81, Waste Site Grouping for 200 Areas Soil Investigations, describes the groug
of Central Plateau waste sites based on process. Sites that received waste associated with a
certain process were grouped by waste category (e.g., process condensate). The waste cate;
then were subdivided based on more specific process details (e.g., 200-PW-2: Uranium Ric
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2.6.1 Analogous Site Ass 1ment to Representative
Sites

Figure 2-11 shows the process for evaluating the analogous sites against the representative
for the Rl/feasibility study (FS) process through the confirmatory and design sampling pro
This section documents this evaluation process and the assignment of waste sites to one of
five representative sites. Important considerations in determining the appropriate represen
site for an analogous waste site include the following:

e Waste site configuration and construction (e.g., crib, trench, unplanned release),
including method of discharge and purpose of waste site

e Volume of effluent received in relation to the available pore volume for the waste ¢
e Types and amounts of contaminants received; contaminant inventory
o Depth of waste discharge

o Expected distribution of contaminants, based on method of discharge and purpose ¢
waste site

- Potential for hydrologic and contaminant impacts to groundwater.

The most important factors to consider in relation to the geologic s¢ ng as it pertains to the
-analogous site discussion are the thickness of the vadose zone and the relative depth of the

confining layer (caliche layer). For the purposes of the analogous site groupings, these twx
factors remain relatively constant among the waste sites in the U Plant Area, as evidenced
cross sections shown in Figures 2-2 through 2-4. The thickness of the vadose zone genera:
does not vary more than 1 m (3 ft), while the depth to the confining layer does not vary by
than approximately 10 m (33 ft) compared to a typical vadose zone thickness of 78 m (255
The ore, » dif ses inthe { »logic  ti-~ of the waste si iarenotd =
further in the analogous si-. ___onale below.

In cases where characterization data are available from an analogous waste site, the data ar
evaluated for sufficiency to support a site-specific evaluation of risk. If the data are suffici
risk estimate for the analogous site is calculated and then used to su; ort the evaluation an
selection of the appropriate remedial action. If the data are insufficient to support a risk es
the data are used to support the comparison and assignment to an appropriate representativ:
In most cases, little or no char terization data are available from the analogous sites. In tt
instances, existing information from the WIDS, discharge information, and general process
information are used to make assignments.

It is assumed that the characterization data from representative sites will provide sufficient
information to select remedies for the waste group. However, site-specific data also may b
needed to verify that the selected remedial alternative is appropriate. Following the decisic
the record of decision, additional sampling would be conducted as needed to confirm the se
remedy for the analogous waste sites and to collect data to support remedial design. Follov
remedial action, an additional data collection activity would be conducted as needed to veri
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each group. The analogousv te groups are described in the following sections. . .ble 2
provides a list of the representative sites and analogous sites assigned to each representati

2.6.2.1 Process Waste Group

200-UW-1 OU waste sites formerly assigned to the Process Waste Group include sites in 1
following OUs:

e 200-PW-2: Uranium-Rich Process Waste QU
e 200-PW-3: Organic-Rich Process Waste OU
e 200-PW-4: General Process Waste OU.

These sites generally consist of engineered structures such as cribs, trenches, and settling 1
designed for disposal of liquid process wastes from the U Plant.

Because several waste sites within the Process Waste Group OUs were characterized durir
200-UP-2 Groundwater OU LFI, and the majority of these sites are high-risk waste sites ir
U Plant Area, three waste sites have been selected as representative of this group; 216-U-1
216-U-2 Cribs, 216-U-8 Crib, and 216-U-12 Crib. The remaining waste sites in the Proce:
Waste Group have been assigned to one of these three waste sites based on the criteria list
Section 2.6.1.

" Tables 2-3 through 2-5 provide descriptions of waste sites included in this group and the
rationale for assigning analogous sites to the representative sites for the group.

Unplanned release UPR-200-W-163, which is associated with the 216-U-8 VCP (designate
the 200-W-42 VCP/UPR-200-W-163 site) has been identified as an a” ~*»gous site for whi
sufficient data exist to perform risk assessment.

2.6.2.1.1 216-U-1 and 216-U-2 Cribs Representative Waste Site

The 216-U-1 and 216-U-2 Cribs have been selected as a representative waste site for the
241-U-361 Settling Tank. The following criteria were used to evaluate relationship betwex
representative site and those sites analogous to it.

1. Waste site configuration and construction: The 216-U-1 and 216-U-2 Cribs are bel
grade timber structures constructed in an open excavation, wl :h was backfilled wi
soil. The 241-U-361 Settling Tank is a circular reinforced concrete underground ta
structure. This criterion is only partially applicable, because only the depth of the
engineered structure for these sites is similar.

2. Volume of effluent received in relation to the available pore volume: The volume o
effluent discharged from the 216-U-1 and 216-U-2 Cribs is significantly higher thar
available soil pore volume (46,200 m’ compared to 400 m3). Because the volume a
precise location of leakage from the 241-U-361 Settling Tank overflow (UPR-200-"
are unknown, a direct comparison cannot be made to the 216-U-1 and 216-U-2 Crit
However, because the overflow was unplanned and not part of normal operation, it -
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discharged to the 216-U-8 Crib, it is reasonable to assume that the volume of wa
discharged to the crib would be much higher than the amount of waste that leake
the pipeline. Therefore, the volume of effluent discharged  the 216-U-8 Crib 1
believed to bound the volume released from the 200-W-42 VCP/UPR-200-W-1¢

pipeline.

Contaminant inventory: The contaminant inventory for the 216-U-8 Crib bound
contaminant inventory for the 200-W-42 VCP/UPR-200-W- 53 site pipeline, be
only a portion « the waste was released from the pipeline. The pipeline did, ho
carry the same uranium-rich waste stream that was discharged to the crib, so it is
expected that the contaminants would be the same.

Depth of waste discharge: The 216-U-8 Crib discharged wastes at a depth of be'
6 and 9 m (21 and 31 ft) (crib structure w3 m [10 ft] tall) compared to the dep
pipeline, which was 3 to 4 m (10 to 12 ft). The representative site bounds the an
site in terms of discharge depth.

Expected distribution of contaminants: The expected distribution of contaminan
vadose zone from the 216-U-8 Crib is expected to be similar to that of the 200-W
VCP/UPR-200-W-163 site pipeline, because the waste streams are the same, and
are located adjacent to each other. Less mobile contaminants, such as Cs-137, a1
near the depth of release at both sites. The distribution of these contaminants is ¢

* at the 200-W-42 VCP/UPR-200-W-163 site because of the shallower discharge ¢

Insufficient data exist to evaluate the distribution of contaminants deeper in the v
zone beneath the 200-W-42 VCP/UPR-200-W-163 site pipeline.

Potential for hydrologic and contaminant impacts to groundwater: The 216-U-§
known to have impacted groundwater. The potential for contaminants to impact
groundwater at the 216-U-8 Crib is expected to be greater than that of the 200-W
VCP/UPR-200-W-163 site pipeline, because the volume of waste discharged is t
to be greater than that of the 200-W-42 VCP/UPR-200-W-163 site, and the disch
depth of the crib was greater.

2.6.2.1.3 216-U-12 Cr Re] esentative Waste Site

The following criteria were used to evaluate the suitability of the 216-U-12 Crib as a
representative site for the sites listed in Table 2-1 (the 216-U-5, 216-U-6, and 216-U-15

1.

- Trenches and the 216-U-16 and 216-U-17 Cribs).

Waste site configuration and construction: The 216-U-12 Crib was constructed i
(15 ft) deep open excavation, which was backfilled with drainage layers of grave
overlain by a polyethylene barrier and soil backfill. The 216-U-16 Crib and 216-
Crib are constructed similarly with coarse drainage layers in e bottom of an unl
trench, overlain by an impermeable barrier (36 mil reinforced polyethylene for 2]
Crib and 10 mil polyvinylchloride membrane for 216-U-17 Crib) and soil backfil
216-U-5, 216-U-6, and 216-U-15 Trenches were open excav ons that were inte:
short-term use. These trenches contained no structure and were backfilled with s
use. The depths of the analogous sites range between 3 and 6 m (10 and 18 ft).
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Volume of effluent received in relation to the available pore volume: The volume of
effluent discharged to the 216-U-12 Crib is significantly greater than the soil pore volume
beneath the site (150,000 m> compared to 1,400 m?). The 216-U-12 Crib bounds the
analogous sites, because it had a significantly higher ratio of effluent volume to soil pore
volume compared to the 216-U-5 Trench, the 216-U-6 Trench, the 216-U-15 Trench, the
216-U-16 Crib, and the 216-U-17 Crib. The 216-U-16 Crib also had a significantly
higher ratio of effluent volume to soil pore volume with 25 times the soil pore volume.

. Contaminant inventory: The primary constituents in the 216-U-12 Crib waste inventory
are uranium, Tc-99, and nitrate. Of these constituents, actual inventories for the
216-U-12 Crib were calculated only for uranium (2,010 kg). Total uranium, Tc-99, and
nitrate inventories for the 216-U-16 Crib and 216-U-17 Crib are expected to be lower
than those for the 216-U-12 Crib, because they received similar process condensate
wastes from the 224-U Concentration Facility (UO; Plant) but received a smaller volume
of waste. Because the 216-U-5 and 216-U-6 Trenches received unirradiated-fuel waste
st ms, no Tc-99 is expected to be present. The 216-U-15, 216-U-5, and 216-U-6
Trenches uranium inventories were estimated at 2.25 kg, 363 kg, and 363 kg,
respectively. Nitrate inventories at the 216-U-5 and 216-U-6 Trenches were estimated at
200 kg for each trench. The 216-U-15 Trench received approximately 1 Ci of fission
products (compared to about 6 Ci of fission products at the 216-U-12 Crib) and
significant amounts of organic solution, whereas none of the other sites including the
216-U-12 Crib received significant amounts of organic solutions.

. Depth of waste discharge: The 216-U-12 Cribis 5 m (15 ft), compared to a waste
discharge depth range of 3 to 6 m (10 to 18 ft) for the analogous sites. The discharge
depth for the representative site bounds the analogous sites.

. Expected distribution of contaminants: The distribution of contamir ts at the

216-U-12 Crib is representative of the analogous sites listed in Table 2-1 (the 216-U-5,
216-U-6, and 216-U-15 Trenches and the 216-U-16 and 216-U-17 Cribs). Immobile
contaminants such as Cs-137 are found primarily near the point of release and are
shallow within the vadose zone. Mobile contaminants were carried deep into the vadose
zone or to  rundwater. Although the data available from well 299-W?22-78 indicate that
1i"* : lateral spreading occurred, some lateral spreading may have occurred because of
soil heterogeneities and naturally occurring capillary breaks across textural changes
within single or across different geologic units. Because of the similarities in the
contaminant inventories and release depths, similar distributions would be expected at the
analogous sites.

. Potential for hydrologic and contaminant impacts to groundwater: The 216-U-12 Crib is
bounding, because it is known to have impacted groundwater, as evidenced by the
presence of Tc-99 and nitrate in the groundwater. The 216-U-16 Crib also is known to
have impacted groundwater, primarily through the lateral spreading of waste from the
crib along the caliche to the 216-U-1 and 216-U-2 Cribs, where uranium and Tc-99 were
mobilized and moved to groundwater through an improperly sealed well. No other
analogous sites in this group impacted groundwater because of the limited discharge
volumes from these sites.
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2.6.2.2 Reverse Well/French Drain Group

200-UW-1 OU waste sites assigned to the Reverse Well/French Drain Group include sites
formerly in the 200-LW-2, 200 Areas Chemical Laboratory Waste OU. These sites includ
reverse well and two French drains that received laboratory waste from the 224-U Buildin;
Plant). Because of the proximity of the 216-U-4 Reverse Well and the 216-U-4A French I
they are considered together as one representative site. Table 2-6 provides the backgrounc
description of the waste sites included in this group and the rationale for assi;y ng analogc
sites to the representative sites for the group. A general discussion of the rationale for the
representative site and analogous groupings, based on the criteria established in Section 2.
follows:

1.

Waste site configuration and construction: The 216-U-4 Reverse Well is the only 1
well among the 200-UW-1 OU waste sites. The 216-U-4A French Drain and the
216-U-4B French Drain were constructed similarly (having similar materials, deptt
diameter).

Volume of effluent received in relation to the available pore volume: The volume c
effluent discharged through the 216-U-4 Reverse Well and the 216-U-4A French D
845 m’ compared to a total of 33 m® for the 216-U-4B French Drain. " erefore,
216-U-4/216-U-4 A bounds the analogous site.

Contaminant inventory: The 216-U-4 Reverse Well, the 216-U-4A French Drain, a
216-U-4B French Drain all received waste from the 222-U Laboratory. The primar
contaminants discharged to the 216-U-4 Reverse Well and the 216-U-4A French Di
are uranium (8.83 kg), plutonium (9.00 E-03 g), Cs-137 (1.85 E-01 Ci), Sr-90
(1.59 E-02 Ci), and nitrate (1,300 kg). The contaminant inventory for the
216-U-4B French Drain is higher in terms of plutonium (5.40 E-02 g), similar in ter
Cs-137 (1.97 E-01 Ci), lower in Sr-90 (1.65 E-03 Ci) and nitrate (10 kg), and lacks
uranium altogether. Because uranium is the primary risk driver for protection of
groundwater, 216-U-4/216-U-4A bound the 216-U-4B French Drain.

Depth of waste discharge: The depth of discharge is similar for the 216-U-4A Fren
Drain and the 216-U-¢  French Drain; however, the 216-U-4 Reverse Well is
approximately 20 m (66 ft) deeper.

FExpected distribution of contaminants: Because of the greater depth of the reverse
and much greater combined volume of discharge from the 216-U-4 Reverse Well ar
216-U-4A French Drain, the contaminant distribution is expected to be significantly
deeper for the representative site than for the analogous site (the 216-U-4B French
Drain). Similar to other waste sites in the U Plant Area, immobile contaminants suc
Cs-137 are found near the point of release, and more mobile contaminants such as n
migrate lower in the vadose zone. The representative site bounds the analogous site
terms of the depth of the contaminant distribution.

Potential for hydrologic and contaminant impacts to groundwater: Because of the ¢
of the 216-U-4 Reverse Well, the volume of effluent discharged in comparison to th
pore volume, and the detection of uranium at the caliche layer in excess of the
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background concentration, it is believed that contaminants from the representative site
may have reached groundwater. Because the waste inventory for nitrate, the release
depth, and the effluent volume are all significantly less for the 216-U-4B French Drain,
the representative site is believed to bound it in terms of impacts to groundwater.

2.6.2.3 Septic System Group

200-UW-1 OU waste sites assigned to the Septic System Group include sites formerly in the
200-ST-1 Septic Tank and Drain Fields OU. These sites include two septic systems and their
septic tanks, diversion boxes, and tile fields. These septic systems were intended to be used for
sanitary effluent from the U Plant.

Because no characterization data are available for either of the septic systems located in the

U Plant Area, it is necessary to select a representative site that bounds the septic systems in terms
of contaminant inventory, distribution, and risk. Therefore, the representative site may not be
analogous to the other sites in the group, but rather bounding.

These sites are considered bounded by the UPR-200-W-19 representative site, because they are
adequately bounded in terms of waste inventory released to the site.

ble 2-7 provides the background and a description of the waste sites included in this group and

: rationale for assigning analogous sites (2607-W5 and 2607-W7 Septic Tank and Tile Fields)
to the representative sites for the group. General discussion of the rationale for assigning
UPR-200-W-19 as a bounding site for this group is discussed in terms of the criteria established
in Section 2.6.1. These criteria are evaluated as follows:

1. Waste site configuration and construction: The unplanned release has a different
configuration than the septic systems because the unplanned release is not an engineered
structure and was not built to accept sanitary effluent.

2. Volume of effluent received in relation to the available pore volume: The volume of
effluent received is expected to exceed the soil pore volume for the septic systems. This
is not the case for UPR-200-W-19; however, this may not be of significance, because the
septic systems were intended to accept sanitary effluent, not contaminated effluents.
Therefore the waste inventory transported with that liquid effluent is expected to be
minimal.

3. Contaminant inventory: The waste inventory of the UPR-200-W-19 unplanned release
and the septic systems is unknown; however, a known release of contaminants was
documented at UPR-200-W-19, whereas no releases of radiological contaminants have
been documented for the 2607-W5 and 2607-W7 Septic Systems, because they were
intended for disposal of sanitary effluent.

4. Depth of waste discharge: The depth of discharge for the septic systems is considered
similar to that of UPR-200-W-19, because the septic tanks and tile fields are near the
surface.
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5. Expected distribution of contaminants: The contaminant distribution is expected tc
near the surface for immobile contaminants such as Cs-137 that may have been
inadvertently released into the septic systems. More mobile contaminants inadvert:
discharged into the septic systems could migrate deeper into the vadose zone; howe
the amounts of ese contaminants is expected to be small, because these contamin:
were not purposely discharged into the septic systems, and no unplanned releases h
been documented. Because surface contamination has been documented and
characterized at UPR-200-W-19, it is believed that the representative site would bo
the analogous sites in terms of risk.

6. Potential for hydrologic and contaminant impacts to groundwater: Because of the
shallow nature of the representative and analogous sites, and the limited contamina
inventory released to the sites in comparison to other U Plant waste sites designed
accept liquid ef 1ent, neither the representative site nor the analogous sites are exr
to have impacted groundwater.

The 2607-W7 Septic System was removed from service in accordance with

WAC 246-272-18501, “Department of Health,” “On-Site Sewage Systems,” “Abandonme
The 2607-W5 Septic System will be removed from service in a similar fashion as the clost
progresses in the U Plant Area.

2.6.2.4 Solid Waste Group

200-UW-1 OU waste sites assigned to the Solid Waste Group include sites formerly belon
the following OUs:

e 200-SW-1, Nonradioactive Landfills and Dumps OU
e 200-SW-2, Radioactive Landfills and Dumps OU.

These sites generally consist of unlined radioactive and nonradioactive dumps, burning grc
and construction laydown areas. Because no characterization data exist for any similar site
within the U Plant Area, it is necessary to select a representative site that bounds these site:
terms of contaminant inventory, distribution, and risk. Therefore, the representative site m
be entirely analogous to the other sites in the group, but rather bounding.

Of the available representative sites, the UPR-200-W-19 representative site is the most sim
site and is believe to adequately bound these sites in terms of waste inventory, contaminani
distribution, and risk.

Table 2-7 provides the background and a description of the waste sites included in this groi
the rationale for assigning analogous sites (200-W-56 Dump, 200-W-57 Dump, 200-W-71

and UPR-200-W-8 Pit or Burial Ground) to the representative sites for the group. General
discussion of the rationale for assigning UPR-200-W-19 as a bounding site for this group i:
discussed in terms of the criteria established in Section 2.6.1. These criteria are evaluated
follows:

1. Waste site configuration and construction: The representative site and analogous si
are surface sites and therefore have little if any structure.
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Waste site configuration and construction: The representative site and the analo
in this grouping are unplanned releases expected to be limited to surface soils wi
(10 ft) of the ground surface, based on the nature of the releases.

Volume of effluent received in relation to the available pore volume: This criteri
applicable. The representative site and the analogous site in this grouping are un
releases and therefore the volumes of effluent discharged to  ese sites were low
to cribs, trenches, and French drains.

Contaminant inventory: The representative site and the analogous site in this grc
are unplanned releases and therefore the contaminant inventory discharged to the
was not documented.  ywever, because surface contamination has been docum
UPR-200-W-19, and the release occurred from a high risk site, it is believed that
representative site would bound the analogous site in terms of risk.

. Depth of waste discharge: Both the representative site UPR-200-W-19 and the a
site UPR-200-W-118 were releases to surface soil and therefore have similar rele
depths.

. Expected distribution of contaminants: Because the release depths are similar, it
anticipated that contaminant distributions at the representative site and the analog
would be similar. The contaminant distribution at UPR-200-W-19 is expected to
the surface for immobile contaminants such as Cs-137, with some lateral spreadi:
caused by vegetation 1 take of contaminants and subsequent wind-blown vegeta
soil. More mobile contaminants could migrate deeper into the vadose zone; how
amounts of these contaminants are expected to be small because the contaminant
inventory and effluent volume are believed to be relatively small in comparison t
200-UW-1 OU waste sites such as cribs and trenches that were intended for disp«
lic " leffluent. Spreading of more mobile coni ir ‘sdee; into the vadose z
less likely because of the smaller volume of effluent released at these sites. Beca
surface contamination has been documented and characterized at UPR-200-W-1¢
the release occurred from a high-risk waste site, it is believed that the representat
would bound the analogous site in terms of risk.

. Potential for hydrologic and contaminant impacts to groundwater: It is hypothes
that the potential for contaminant impacts on groundwater is low for these sites b
of the shallow nature of the representative and analogous sites.

2.6.2.6 Shallow/Surface Waste Site Group

200-UW-1 OU waste sites assigned to the Shallow/Surface Waste Site Group include sit
formerly in the 200-UR-1 Unplanned Release OU. These sites include unplanned releass
contamination is expected to be limited to surface soils within 0.9 m (3 ft) of the ground
based on the nature of the release. These sites are considered analogous to, and adequate
bounded by, the unplanned release UPR-200-W-19 representative site. Table 2-7 provids
background and a description of the waste sites included in this group and the rationale fi
assigning analogous sites (200-W-89 Foundation and the UPR-200-W-33, UPR-200-W-<
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UPR-200-W-55, UPR-200-W-60, 200-W-77, UPR-200-W-78, 200-W-85, 200-W-87, and
UPR-200-W-117 Unplanned Releases) to the representative sites for the group.

General discussion of the rationale for assigning UPR-200-W-19 as a bounding site for this
group is discussed in terms of the criteria established in Section 2.6.1. These criteria are
evaluated as follows:

1.

Waste site configuration and construction: The representative site and the analogous
sites in this grouping are unplanned releases expected to be limited to surface soils within
3 m (10 ft) of the ground surface for the representative site and within 1 m (3 ft) of the
ground surface for the analogous sites of the ground surface based on the nature of the
releases.

Volume of effluent received in relation to the available pore volume: The representative
site and the analogous sites in this grouping are unplanned releases, and therefore the
volume of effluent discharged to these sites was low relative to cribs, trenches, and
French drains. The volume of effluent at these sites is expected to be small, because the
nature of the releases is that they are from small surface spills and leaks. The volume of
effluent discharged to UPR-200-W-19 is expected to bound these sites, because it is a
larger spill from a high-risk waste site. Several of the analogous sites had no liquid

- effluent associated with them.

Contaminant inventory: The representative site and the analogous sites in this grouping
are unplanned releases, and therefore the contaminant inventory discharged to these sites
was not documented. However, because surface contamination has been documented at
UPR-200-W-19, and the release occurred from a high risk site, it is believed that the
representative site would bound the analogous sites in terms of risk.

Depth of waste discharge: The representative site UPR-200-W-19 and the analogous
sites were releases to surface soil and therefore have similar release depths.

Expected distribution of contaminants: Because the release depths are similar, is
anticipated that contaminant distributions at the representative site and the analogous
sites would be similar and would be bounded by UPR-200-W-19. The contaminant
distribution at UPR-200-W-19 is expected to be near the surface for immobile
contaminants such as Cs-137, with some lateral spreading caused by vegetation uptake of
contaminants and subsequent wind blown vegetation and soil. More mobile
contaminants could migrate deeper into the vadose zone; however, the amounts of these
contaminants are expected to be small, because the contaminant inventory and effluent
volume are believed to be relatively small in comparison to other U Plant Area wastes
sites such as cribs and trenches that were intended for disposal of liquid effluent.
Spreading of more mobile contaminants deeper into the vadose zone is less likely
because of the smaller volume of effluent released at these sites. Because surface
contamination has been documented and characterized at UPR-200-W-19, and the release
occurred from a high-risk waste site, it is believed that the representative site would
bound the analogous sites in terms of risk.
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6. Potential for hydrologic and contaminant impacts to groundwater: It is hypothesi:
that the potential for contaminant impacts on groundwater is low for these sites bex
of the shallow nature of the representative site and the analogous sites.

2.7 SUMMARY OF RI! [ ASSESSMENT

The DOE, U.S. Environmental Protection Agency (EPA), and Ecology (Tri-Parties) recen
undertook the task of developing a risk framework to support risk assessments in the Cent:
Plateau. This included a series of workshops with representatives from DOE, EPA, Ecolo
Hanford Advisory Board (HAB), the Tribal Nations, the State of Oregon, and other interes
stakeholders. The workshops focused on the different programs involved in activities in tt
Central Plateau and the need for a consistent application of risk assessment assumptions ai
goals. The results of the risk framework are documented in HAB advice #132 (HAB 132,
“Exposure Scenarios Task Force on the 200 Area™), in the Tri-Parties response to the HAE
advise (Klein et al. 2002, “Consensus Advice #132: Exposure Scenarios Task Force on the
Area”). The following items summarize the risk framework description from the Tri-Parti
response to the HAB.

1. The core zone (Central Plateau including B Pond [main pond] and S Ponds) will he
industrial scenario for the foreseeable future.

2. The core zone will be remediated and closed, allowing for “other uses” consistent
industrial scenario (environmental industries) that will maintain active human press
this area, which in turn will enhance the ability to maintain the institutional knowle
waste left in place for future generations. Exposure scenarios used for this zone sh
include a reasonable maximum exposure to a worker/day user, to possible Native
American users, and to intruders.

3. DOE will follow the required regulatory processes for groundwater remediation
(including public participation) to establish the points of compliance and remedial ¢
objectives. It is anticipated that groundwater contamination under the core zone wi
preclude beneficial use for the foreseeable future, which is al :ast the period of wa
management and institutional controls (150 yr). It is assumed that the tritium and
iodine-129 plumes beyond the core zone boundary will exceed the drinking water
standards for the period of the next 150 to 300 yr (less for the tritium plume). It is
expected that other groundwater contaminants will remain below, or be restored to,
drinking water levels outside the core zone.

4. No drilling for water use or otherwise will be allowed in the core zone. An intrudes
scenario will be calculated for assessing the risk to human health and the environme

5. Waste sites outside the core zone but within the Central Plateau (200 North Area, G
Mountain Pond, BC Crib Controlled Area) will be remediated and closed based on .
evaluation of multiple land-use scenarios to optimize land use, institutional control
and long-term steward ip.
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6. An industrial land-use scenario will set cleanup levels on the Central Plateau. Other
scenarios (e.g., residential, recreational) may be used for comparison purposes to support
decision-making, especially for the following:

— The post-institutional controls period (>150 yr)
— Sites near the core zone perimeter, to analyze opportunities to “shrink the site”
— Early (precedent-setting) closure/remediation decisions.

7. This framework does not address the tank retrieval decision.

This description serves as the basis for the risk assessment activities performed as part of this
FFS. The human health and ecological risk assessments can be found in Appendix C of this
document and are summarized in the following subsections and in Table 2-8.

? 7.1 Human Health Risk Assessment

The human health risk assessment (HHRA) (see Appendix C) includes the evaluation of
nonradiological and radiological constituents from the six representative waste sites. Analytical
data used in the HHRA include shallow zone (0 to 4.6 m [0 to 15 ft] bgs) and deep-zone soil

(0 to the groundwater table) samples and were screened in accordance with EPA, Ecology, and
DOE guidance to identify the contaminants of potential concern (COPC). The purpose of the
HHRA is to identify and prioritize the COPCs that are estimated to pose an unacceptable risk (or .
dose) and should be addressed by the FFS.

All of the representative waste sites are located in the industrial (exclusive) land-use boundary
{core zone). All shallow-zone soil samples were evaluated under an industrial exposure
scenario. A hypothetical Native American subsistence scenario also was evaluated, to provide a
b s of comparison (assuming unrestricted land use) to the site-specific industrial exposure
scenario. Ecology, the EPA, and the DOE have interacted w'° the stakeholder Tribes over the
past several years to obtain their input on developing a Native American exposure scenario or
scenarios, including key parameters for the Central Plateau risk assessment models. The Tribes
were involved in the risk assessment framework workshops during the summer of 2002; in
October 2002, they were asked to provide written suggestions on specific risk assessment
parameters (exposure assumptions) for tribal use scenarios (DOE-RCA-2002-0584, 2002a; 4
2002b; 2002c [contain no titles]). This request culminated in a workshop in December 2002 that
included Ecology, the EPA, the DOE, and representatives from the Confederated Tribes of the
Umatilla Indian Reservation, the Confederated Tribes and Bands of the Yakama Nation, and the
Nez Perce Tribe. The Yakamas and the Nez Perce participated in the workshop, but felt they
needed additional time to provide input. The Umatillas asked that the information from “A
Native Americ-~ Exposure Scenario” (Harris and Harper 1997) be used to calculate risk
estimates for a Native American subsistence scenario. Additional discussion regarding the
hypothetical Native American scenario is provided in Appendix C of this report.

Local groundwater is not a current source of drinking water and 1s being addressed under the
200-UP-1 Groundwater OU. However, the potential for contaminants to migrate from soil to
groundwater was evaluated.
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2.7.1.1 Nonradiological Results

The Comprehensive Environmental Response, Compensation and Liability Act of 1980
(CERCLA) prescribes a risk range of 107 to 10 for evaluating the need for remedial ac
carcinogens and noncarcinogenic constituents that pose a chronic toxic effect to human .
noncarcinogenic constituents that pose a chronic toxic effect to human health shall not e
hazard quotient of 1.0. Risk-based standards based on an industrial scenario are identifi
WAC 173-340-745, “Soil Cleanup Standards for Industrial Properties,” that equate to a:
1 x 107%; these standards are evaluated in the risk assessment. A summary of the HHRA
for nonradiological constituents is presented below.

Shallow Zone®

All nonradiological COPCs from the shallow zone were compared to the WAC
173-340-745(5)(b)(1i1)(B), “Soil Cleanup Standards for Industrial Properties,” “Method
Industrial Soil Cleanup Levels,” “Standard Method C Industrial Soil Cleanup Levels,” «
Health Protection,” “Soil Direct Contact,” and the WAC 173-340-750(4), “Cleanup Stan
Protect Air Quality,” “Method C Air Cleanup Levels,” ambient air cleanup levels (CUL
industrial exposure scenario. The sample mean concentrations of all shallow-zone COP!
each representative waste site were less than their respective direct-contact and ambient-
Method C CULs. A summary of these com] sons is provided in Appendix C, Tables (
through C-34 and Tables C-41 through C-46, respectively.

Deep Zone®

All nonradiological COPCs from the deep zone were compared to the WAC 173-340-74
“Deriving Soil Concentrations for Ground Water Protection,” Method B CULs for the
groundwater protection athway. Except for concentrations of antimony, arsenic, nitrate
nitrogen in nitrite and nitrate, and uranium, the sample mean concentrations for all const:
were less than their respective groundwater protection WAC 173-340-747, Method B Cl
representative waste sites. Summaries of these comparisons are provided in Appendix C
Tables C-35 through C-40.

Sample mean concentrations of nitrate (as NOs) at the 216-U-8 Crib, sample mean
concentrations of nitrogen in nitrite and nitrate at the 216-U-8 Crib, 216-U-12 Crib, and -
42 VCP/UPR-200-W-163 site, and sample mean concentrations of total uranium at the
216-U-8 Crib, 216-U-4 Reverse Well/216-U-4A French Drain, and the 216-U-1/216-U-2
exceeded their respective WAC 173-340-747 Method B CULSs and site background
concentrations. These constituents are considered contaminants of concern for the groun
protection pathway and should be considered in the FFS. Antimony at the 216-U-8 Crib,
UPR-200-W-19, and the 216-U-1/216-U-2 Cribs, arsenic at the 216-U-12 Crib and 200-\
VCP/UPR-200-W-163 site, and mercury at the 216-U-4 Reverse Well/216-U-4A French

* Shallow zone soils are defined as those collected from zero to 15 ft bgs.

* Deep zone soils are defined as those collected from the soil surface to the groundwater table.
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activity of beta particles and photon radioactivity from manmade radionuclides in drinking
shall not produce an annual dose equivalent to the total body or any internal organ of great
4 mrem/yr (40 CFR 141.66, “National Primary Drinking Water Regulations,” “Maximum

Contaminant Levels for Radionuclides™).

Shallow Zone’ — Industrial Scenario - Clean Cover

Except for the 200-W-42 VCP/UPR-200-W-163 site, the total dose from each of the
representative waste sites does not exceed the target dose level of 15 mrem/yr at any of the
exposure times evaluated. Similarly, the ELCR does not exceed 1 x 10~ at any of the expc
times evaluated. With the exception of the 200-W-42 VCP/UPR-200-W-163 site, the ELC
all sites is also with the CERCLA target risk range of 1 x 10®to 1 x 10™. The results of
evaluation are provided in Appendix C, Tables C-47 and C-48.

At the 200-W-42 VCP/UPR-200-W-163 site, the total dose is less than 15 mrem/yr througl
150 years, 21 mrem/yr 450 years, 19 mrem/yr at 500 years, and less than 15 mrem/yr at
1,000 years. The primary radionuclides associated with the maximum total dose include
Am-241, Th-232, Ra-226, and Pu-239. The maximum ELCR is 1.8 x 10 at 450 yr. The E
under this exposure scenario exceeds the target risk level of 1.0 x 10 at all exposure times
evaluated. With the exception of the 50- and 150-year exposure times, the ELCR also exc
the CERCLA upper rget risk threshold of 1 x 10™.

No radiological constituents were identified as COPCs in shallow z e soil from the
216-U-12 Crib; therefore the industrial exposure scenario was not evaluated.

Shallow Zone — Industrial Scenario - Withbut Clean Cover

216-U-8 Crib (Representative Site). The total dose at the 216-U-8 Crib is 83 mrem/yr at
50 years, and a total dose of less than 15 mrem/yr is achieved at exposure times evaluated t
150 years. The ELCRis 1.1 x 107 at 50 years and 1.1 x 10™ at 150 years. The ELCR unde
exposure scenario is less than the target risk level of 1.0 x 107 after 150 years. 2 litionall
ELCR under this scenario is within or less than the CERCLA target risk range of 1 x 107 t
1x 10™ after 150 years. The primary co * butor to total dose and risk is Cs-137. The resu
this evaluation are provided in Appendix C, Tables C-49 and C-50.

216-U-4 Reverse Well/216-U-4A French Drain (Representative Site). The total dose at
216-U-4 Reverse Well/216-U-4A French Drain is 37 mrem/yr at 50 vears, and a total dose
less than 15 mrem/yr is achieved at exposure times evaluated before 50 years. The ELCR
5.0x 10*at 50 years and 1.0 x 10™ at 150 years. The ELCR undert s exposure scenario
slightly exceeds the target risk level of 1.0 x 107 after 150 years. Additionally, the ELCR 1
this scenario is within the CERCLA target risk range of 1 x 10 to 1 x 10™ after 150 years.
primary contributor to total dose and risk is Cs-137. The results of this evaluation are prov:
in Appendix C, Tables C-49 and C-50.

* Shallow zone soils are defined as those collected from zero to 15 ft bgs.
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UPR-200-W-19 (Representative Site). The total dose at UPR-200-W-19 is 52 mrem/yr at

50 years, and a total dose of less than 15 mrem/yr is achieved at exposure times evaluated before
150 years. The ELCR is 6.9 x 10™ at 50 years and 7.0 x 107 at 150 years. The ELCR under this
exposure scenario is less than the target risk level of 1.0 x 107 after 150 years. Additionally, the
ELCR under this scenario is within or less than the CERCLA target risk range of 1 x 10 to

1 x 10™ after 150 years. The primary contributor to total dose and risk is Cs-137. The results of
this evaluation are provided in Appendix C, Tables C-49 and C-50.

216-U-1/216-U-2 Cribs (Representative Site). The total dose at the 216-U-1/216-U-2 Cribs is
50 mrem/yr at 50 years, and a total dose of less than 15 mrem/yr is achieved at exposure times
evaluated before 150 years. The ELCR is 6.7 x 10™ at 50 years and 6.7 x 107 at 150 years. The
I CR under this exposure scenario is less than the target risk level of 1.0 x 10 after 150 years.

" dditionally, the ELCR under this sce~ 1o is within or less than the CERCLA target risk range
o' 1x 10%to 1 x 10™ after 150 years. 1he primary contributor to total dose and risk is Cs-137.
The results of this evaluation are provided in Appendix C, Tables C-49 and C-50.

290-W-42 VCP/UPR-200-W-163 (Analogous Site). The total dose at the 200-W-42
VCP/UPR-200-W-163 site is 7,820 mrem/yr at 50 years, 799 mrem/yr at 150 years, 19 mrem/yr
at 500 years, 15 mrem/yr at 831 years, and less than 15 mrem/yr after 831 years. The ELCR is
1.1x 10" at 50 years, 1.1 x 107 at 150 years, 1.7 x 10™ at 500 years, and 1.3 x 10 at

000 years. The ELCR under this exposure scenario exceeds the target risk level of 1.0 x 107 at
all exposure times evaluated. Additionally, the ELCR under this scenario exceeds the CERCLA
target risk threshold of 1 x 10 at all exposure times evaluated. The primary radionuclide
associated with the total dose and risk at 50 years and 150 years is Cs-137, and the primary
radionuclides are Am-241, Th-232, Ra-226, and Pu-239 at 500 years. The results of this.

aluation are provided in Appendix C, Tables C-49 and C-50.

No radiological constituents were identified as COPCs in the shallow zone from the
216-U-12 Crib; therefore, risk and dose estimates were not calculated for the direct-contact

industrial-exposure scenario.

Deep Zone® — Groundwater Protection

At the 216-U-12 Crib and the 216-U-4 Reverse Well/216-U-4A French Drain, , the total dose is
less than the target dose level of 4 mrem/yr, and the ELCR is less than the target risk level of
1.0 x 10™® at all exposure times evaluated. The analytical data available for 216-U-. . Crib are
not considered spatially representative, and it is likely that radiological contaminants are present
in the vadose zone that would impact the groundwater protection pathway.

Exposure point concentrations (EPC) of radiological constituents in the shallow zone were

evaluated separately for the groundwater protection pathway. The purpose of this evaluation was

*~ determine if the concentrations of radiological constituents for the shallow zone (zero to 4.6 m
to 15 ft] bgs) are underestimated when they are combined with the concentrations of the
naining soil column. The results of this evaluation indicate that the deep zone soil (that is, soil

% Deep zone soils a  defined as those collected from the soil surface to the groundwater table.

2-53



DOE/RL-2003-23 REV 0, April 29, 2005

surface to the groundwater table) EPCs adequately represent the contribution of contamin:
the shallow zone. ¢ allow zone dose and risk estimates for the groundwater protection pa
are equal to or less  an the dose and risk estimates provided for the deep zone evaluation.

~16-U-8 Crib. The total dose at 126 years is 106 mrem/yr, which also is the maximum dc
The total dose is less than the target dose level of 4 mrem/yr at all exposure times beyond
126 years. The ELCR is 3.8 x 10 at 126 years and 4.0 x 107 at 150 years The ELCR ur
this exposure scenario does not exceed the target risk level of 1.0 x 10 after 150 years. T
primary contributors to dose and risk include Se-79 and Tc-99. The results of this evaluat
provided in Appendix C, Tables C-55 and C-56.

UPR-200-W-19. The total dose at 76 years is 67 mrem/yr, which also is the maximum do
The total dose is less than the target dose level of 4 mrem/yr at all exposure times beyond

76 years. The ELCR is2.2 x 10™* at 76 years The ELCR under this exposure scenario do
exceed the target risk level of 1.0 x 10°® after 76 years. The primary contributors to dose a
at 76 years include Se-79.

216-U-1/216-U-2 Cribs. The total dose at 76 years is 194 mrem/yr, which also is the max
dose from zero to 1,000 years. The total dose is less than the target dose level of 4 mrem/s
150 to 500 years. The total dose slightly increases to .33 mrem/yr at 14, 000 years and dec
to zero at 10,000 years. The ELCR is 6.1 x 10 at 76 years and decreases tc :ss than 1 x
from 150 to 500 years. The I CR increases to 5.2 x 10 at 14,000 years and decreases to
than 1.0 x 10 thereafter. The primary radionuclides associated with the maximum total d
and risk at 76 years include Se-79 and Tc- 99 and the radionuclide associated with total do
14,000 years is [-129.

2.7.2 Ecological Risk Assessment

For the ecological risk assessment (ERA), the eight-step ERA proc s developed for the
Superfund program in EPA/54(, .. 97/006, Ecological Risk Assessment Guidance for Supei
Process for Designing and Conducting Ecological Risk Assessments (Interim Final), was
followed (see Appendix C). The process starts with a screening-level ERA (SLERA), whi
uses conservative screening values provided by Ecology (WAC-173-340-900, “Tables™) fc
nonradionuclides and by the Biota Dose Assessment Committee (BDAC) in
DOE-STD-1153-2002, 4 Graded Approach for Evaluating Radiation Doses to Aquatic an
Terrestrial Biota, for radionuclides. This corresponds to Steps 1 and 2 of the EPA guidanc
(EPA/540/R-97/006). The SLERA process followed is as described in DOE/RL-2001-54 a
further outlined in Appendix C. The U Plant Area SLERA intentionally is conservative an
serves to eliminate analytes and sites from further evaluation that do not pose a risk to the
environment despite the SLERA’s bias toward overestimating risk. The SLERA is used to
determine whether further evaluation (i.e., baseline ERA) or remedial actions are necessary
results of the screening are presented separately in the following subsections for
nonradionuclides ar radionuclides.
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2.7.2.1 Results of the Screening-Level Ecological Risk Assessment
Nonradionuclides

For each of the representative sites, EPCs for each nonradionuclide constituent were screened
against the wildlife screening values presented in WAC 173-340-900, Table 749-3, to determine
if any chemical concentrations exceeded their respective screening values. The waste sites had
the following nonradionuclides exceed their respective terrestrial wildlife screening values.’

e 216-U-8 Crib: none
e 216-U-12 Crib: arsenic (1.22) and barium (1.01)
e UPR-200-W19: none
e 216-U-1/216-U-2 Cribs: none
e 200-W-42 VCP/UPR-200-W-163: arsenic (1.25).
Radionuclides

For each of the representative waste sites, the exposure point concentration of each radionuclide
was screened against biota concentrations guides (BCG) proposed by the BDAC
(DOE-STD-1153-2002). The waste sites had the following individual radionuclides exceed their
respective terrestrial wildlife BCGs at these waste sites:®

e 216-U-8 Crib: L . Cs-137(21/4.2) and Sr-90 (1.5/<1)

e 216-U-12 Crib: none

e UPR-200-W19: ‘ Cs-137 (12/2.7) and Sr-90 (1.9/<1)

e 216-U-1/216-U-2 Cribs: Cs-137 (12/2.3)

e 200-W-42 VCP/UPR-200-W-163: Cs-137 (1,900/250) and Sr-90 (6.5/<1).

For each of the 200-UW-1 OU waste sites except for the 216-U-12 Crib, the total risk estimate
(sum of all radionuclide fractions) exceeded 1.0 for terrestrial wildlife. The individual
radionuclides identified above were the major contributors to the sum of fraction exceedances.
. Cesium-137 contributes greater than 70 percent of the total sum of fractions at each waste site
with Level 2 exceedances.

2.7.3 Evaluation of Ecological significance

Step 1 (preliminary problem formulation) of the EPA ERA process revealed that ecological
receptors and sufficient habitat are present or potentially present at the U Plant Area. The results
of Step 2 (ecological risk-based screening) are provided in Appendix C, Section C2.7.2.1, and
indicate that at least one screening value has been exceeded at each representative waste site

"Values in parentheses represent the factor of exceedance (EPC divided by the screening level) above the wildlife
screening value.

%Values in parentheses represent the factor of exceedance (maximum detect divided by BCG/mean detected
concentration divided by BCG) above the wildlife screening value.
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o Radionuclide levels in soil exceed available Level 1 and 2 screening concentration for
terrestrial wildlife at the 216-U-8 Crib, UPR-200-W19, 216-U-1 and -2 Cribs, and the
200-W-42 VCP/UPR-200-W-163 site.

e However, a closer evaluation (including Level 3) indicates that detected radionuclide
concentrations (except at the 200-W-42 VCP/UPR-200-W-163 site) likely are not high
enough to pose unacceptable risk to terrestrial wildlife populations or to any Federally- or
state-listed threatened or endangered terrestrial wildlife species in the area.

Based on the results of this risk analysis, the constituent with the highest potential for ecological
exposure is Cs-137 at the 216-U-8 Crib, UPR-200-W19, the 216-U-1 and 216-U-2 Cribs, and the
200-W-42 VCP/UPR-200-W-163 site. However, risks to terrestrial wildlife using the U Plant
Area are considered marginal to low at all of the waste sites except the 200-W-42 VCP/UPR-
200-W-163 site. Decisions on whether to undertake remedial actions are discussed in

Chapter 4.0.°

2.8 SUMMARY OF GROUNDWATER
PROTECTION FATE AND TRANSPORT
MODELING

Fate and transport modeling (see Appendix D) was conducted for the 216-U-1/216-U-2 Cribs,
216-U-4 Reverse Well/216-U-4A French Drain, 216-U-8 Crib, 216-U-12 Crib, and the 200-W-
42 VCP/UPR-200-W-163 Site. Modeling was performed because the risk assessment (see
Section 2.7 and Appendix C) identified the potential for groundwater impact above groundwater
MCLs. The fate and transport modeling was accomplished using the STOMP model
(PNNL-12034, STOMP, Subsurface Transport Over Multiple Phases, Version 2.0, User's Guide)
developed by Pacific Northwest National Laboratory. The model is used to simulate existing
contaminant soil concentrations and predict future migration of contaminants and concentrations
through the soil column into groundwater.

The criteria specified in WAC 173-340-747(8), “Deriving Soil Concentrations for Ground Water
Protection,” “Overview of Methods,” “Alternative Fate and Transport Models,” also were
evaluated in Appendix D. The criteria specify the procedures and requirements for using

_t wve "'z ltransport models. Based on this evaluation, it is concluded that the models
developed using the STOMP code and their application within the 200-UW-1 OU are
appropriate and meet the requirements as set forth in WAC-173-340-747(8).

Conceptual models were developed for each waste site based on site-specific information
(e.g., contaminant and soil property data) and translated into numerical form. These data and
model assumptions provide the framework for the simulations and the confidence that
predictions of fate and transport are appropriate.

® RESRAD-BIOTA results will be reevaluated in the event that updates to the beta version could increase the risk
estimates, although waste sites where the selected remedy involves removal and disposal would not need
reevaluation because the exposure pathway would be eliminated.
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Assessment of Hanford Impact Performed with the System Assessment Capability; PNNL-13932,
User Instructions for the Systems Assessment Capability, Rev. 0, Computer Codes, Vol. 1 and 2,
the Systems Assessment Capability for Integrated Groundwater/Vadose Zone (SAC) computer
model and database developed by Pacific Northwest National Laboratory; this model considers
cumulative impacts to groundwater attributable to a variety of sources across the entire Hanford
Site. The SAC simulates contaminant release to and transport through the vadose zone
underlying waste sites, within the unconfined aquifer, and the contaminants discharged to the
Columbia River. In addition to exposure scenarios in the upland area surrounding the Central
Plateau, the SAC simulates risk in the riparian zone and Columbia River from all contamination
remaining at the Hanford Site after site closure. Because the SAC simulates up to 1,000 waste
sites simultaneously, the groundwater and riparian zone contamination simulated is the
composite impact of all releases. The impact to groundwater from individual facilities or
operable units is addressed in RI/FS reports, FFS documents (such as this document), remedial
fieldi estigation/corrective measures studies, or performance assessments conducted by the
program managing the waste.

At the site-wide scale, the composite analysis presents a holistic view of contaminant release and
migration and evaluates the impacts of alternate disposals and remedial actions at the Hanford

~ Site. For the cumulative release of all wastes, the composite analysis reports (1) allowable risk,

(2) groundwater contaminant concentrations at the core-zone boundary and river shore, (3) risk
to riparian zone receptors, (4) groundwater flux into the Columbia River, and (5) risk to river
receptors (ecological and human health). At this time the composite analysis does not address
groundwater remediation actions, including pump-and-treat remedial actions on the Central
Plateau and the River Corridor and the in situ remediation of chromium. Accordingly, risk and
contamination level associated with groundwater remediation at the site-wide scale are not
presently represented in the composite analysis. Future composite analyses will address the
pump-and-treat actions. '

The composite analysis is the starting point for a tool that will maintain a comprehensive “risk
baseline” for all of the Hanford Site. This baseline will be updated periodically as detailed risk
assessments are conducted for individual waste sites and projects. The composite analysis will
identify the total impacts from all sources to the groundwater and to the River Corridor and will
identify areas where “o'  lapping” impacts could occur. Impacts to the River Corric identified
through the composite analysis will be fed back to the 200 Areas remedial action and remedial
design process. It is anticipated that, after source control remedial actions are implemented and
their positive impacts demonstrated through monitoring, the appropriate source elimination from
the specific operable unit will be incorporated into the sitewide composite analysis.

2.10 REFERENCES

10 CFR 835, “Occupational Radiation Protection,” Title 10, Code of Federal Regulations,
Part 835, as amended.
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Figure 2-5. 216-U-12 Crib Construction Diagram (DOE/RL-2000-60, Rev. 0).
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Figure 2-9. 216-U-4 Reverse Well / 216-U-4A French Drain Conceptual
Contaminant Distribution Model.
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@ Acidic, low salt, low organic liquid waste containing 400 kg of nitrate, and other contaminants were
discharged to the 216-U-4. Reverse Weil from March 1947 to July 1955. The reverse well received a
total volume of 300,000 L (78,000 Gallons).

Acidic, low salt, low organic liquid waste containing 8.83 kg of uranium, 0. g of plutonium, 0.185
Ci of cesium-137, 0.0159 Ci of strontium-90, 900 kg of nitrate, and other contaminants were discharged
to the 216-U-4A french drain from July 1956 to July 1970. The french drain received a total volume of
545,000 L (141,700 Gallons).

® Once discharged wastewater and contaminants migrate vertically downward beneath the reverse well
’ and french drain. Lateral spreading of wastewater and contaminants is expected as this point of discharge
due to the small diameter of the structures, and at the contacts of the H2, CCU, and Ringold E formations.

® Immobile contaminants such as cesium-137 normally sorb to soils near the point of release of high
concentrations. Maximum cesium-137 concentration of 420 pCi/g were located near the top of the 218-
U-4A french drain and 1980 pCi/g near the midpoint of the screened interval of the 216-U-4 reverse
well and decrease to non-detect within 20 feet in both cases.

® Mobile contaminants like nitrate migrate with the moisture front and may be detected in low concentrations
to the water table.

(® Wastewater and mobile contaminants have likely reached groundwater since the effluent volume
discharged to the soil column is much greater than the soil column pore volume for both the reverse

well and french drain.
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Figure 2-11. Application of Analogous Site Approach.

ﬂ:onﬁrmatory Sampling: None or
limited; Design Sampling: limited
based on remedy.

ﬂ:onﬁrmatory Sampling. None or

limited; Design Sampling: limited
based on remedy.

Mandatory sampiing to confirm
nature, contaminant distribution, risk,
and/or aiternative.

L

No confirmatory sampling needed;
limited design sampling depending
on remedial aitemative.
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~

Quantitative Risk Assessment

~

Qualitative Risk Assessment

Y

Preferred Altemnative

Impacts to Confirmatory Sampling
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National Environmental Policy Aci  "1! )
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RESidu RADioactivity (code)

record of decision

Subsurface Transport Over Multiple Phases (code)
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wastes. Past-practice disposal sites in the 200 Areas are being evaluated for remed:
may include institutional controls (e.g., deed restrictions, covenants) as part of the ¢
remedy. Other Federal agencies, such as the U.S. Department of the Navy, use the
200 East Area treatment, storage, and disposal (TSD) facilities. In addition, a com:
low-level radioactive waste disposal facility currently is operated by US Ecology, I
100 acre tract of land at the southeast corner of the 200 East Area that is leased to t]
Washington.

The U.S. Department of Energy (DOE)-selected land use for the Central Plateau, is
in the land-use record of decision (ROD) (64 FR 61615, “Record of Decision: Han
Comprehensive Land-Use Plan Environmental Impact Statement (HCP EIS)”). Per
industrial (exclusive) land use is expected to continue for sites located within the ex
boundary (core zone) for the next 50 years.

According to DOE/EIS-0222-F, Final Hanford Comprehensive Land-Use Plan Emy
Impact Statement, industrial (exclusive) land use would preserve DOE control of th
remediation activities and would use the existing compatible in 1structure required
activities such as dangerous waste, radioactive v  te, and mixed-waste TSD faciliti
and its contractors, and the U.S. Department of Defense and its contractors, could ¢
Federal waste-disposal missions; and the Northwest Low-Level adioactive Waste
could continue using the US Ecology site for commercial radioactive waste. Resea
supporting the dangerous waste, radioactive waste, and mixed-waste TSD facilities
be encouraged within this land-use designation. New uses of radioactive materials,
irradiation, could be developed, and the products could be packaged for commercia
under this land-use designation.

3.1.2 Anticipated Future Land Use

The reasonably anticipated future land use for the core zone is continued industrial
activities for the foreseeable future. The DOE worked for several vears with coopes
agencies and stakeholders to define land-use goals for the Hanfor Site and develop
land-use plans (Drummond 1992, The Future for Hanford: Uses and Cleanup, The .
of the Hanford Future Site Uses Working Group). The cooperating agencies and stz
included the National Park Service, Tribal Nations, states of Washington and Orego
county and city governments, economic and business development interests, enviror
groups, and agricultural interests. These efforts initially were reported by Drummor
culminated in DOE/EIS-0222-F and the associated ROD (64 FR 61615), which wer
1999.

The Future Site Uses Working Group was organized by Federal, Tribal, state, and Ic
governments with jurisdictional interests in the Hanford Site. The Working Group 1
with three related tasks:

o Examine the Hanford Site and identify a range of potential future uses for th

o Select appropriate cleanup scer  ‘os necessary to make these future uses pos
of potential exposure to contamination, if any, after cleanup
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action objectives. It is anticipated that groundwater contamination under
will preclude beneficial use for the foreseeable future, which is at least th
waste management and institutional controls (150 years). It is assumed tl
and iodine-129 plumes beyond the core zone boundary will exceed the dr
standards for the period of the next 150 to 300 years :ss for e tritium |
expected that other groundwater contaminants will remain below or be re
drinking water levels outside the core zone.

“No drilling for water use or otherwise will be allowe in the core zone.
scenario will be calculated for in assessing the risk to human health and e

“Waste Sites outside the core zone but within the Central Plateau (200 N,
Mountain Pond, B/C Crib Controlled Area) will be remediated and closec
evaluation of multiple land use scenarios to optimize land use, institution:
and long term stewardship.

“An industrial land use scenario will set cleanup levels on the Central Pla
scenarios (e.g., residential, recreational) may be used for comparison pury
support decision making especially for:

- The post-institutional controls period (>150 years).
- Sites near the core zone perimeter to analyze opportunities to “shrin
- Early (precedent-setting) closure/remediation decisions.

“The framework does not deal with the tank retrieval decision.”

2 Zone

| of "'

ritium
vater
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on an
3] cost,

ther

te.

Based on this documentation and current Central Plateau assumptions, the alternative evaliations

considered the following anticipated land:

: requirn its.

The core zone will have an industrial scenario for the foreseeable future. This ev.
considers the following uses:

- Industrial-exclusive use for the next 50 yr (through 2050)

— Industrial land use (non-DOE worker) for 100 yr after 2050 (through 2150

— Industrial land use post — 150 years.

Groundwater contamination under the core zone will preclude beneficial use for tt
foreseeable future. This evaluation considers the following:

- No consumptive use of groundwater for the next 150 yr, based on the expe
period of waste management

- Any selected remedy wi provide for no further degradation of groundwat:
the 200-UW-1 OU waste sites
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3.2 CONTAMINANTS OF POTENTIAL
CONCERN AND CONTAMINANTS OF
CONCERN

Contaminants that have the potential to contribute to site risk are referred to as COl
Identification of COPCs is an important process, because it determines the list of ct als for
which further risk evaluations will be developed. Development of COPCs in the dz iluation
and risk assessment process is based on EPA/540/1-89/002, Risk Assessment Guida e
Superfund (RAGS), Volume I -- Human Health Evaluation Manual, (Part A) Interin i,
OSWER 9285.7-01A. The list of constituents considered as COPCs is determined | mparing
contaminant concentrations with screening factors (e.g., backg und), thereby deve raset.
of data for use in risk assessment. The evaluation of COPCs is presented in Appenc

specifically Section C3.2, with a summary provided in Table C-23. This list of CO 5 carried
forward and presented in the risk assessment results. This process compares the ob: i
constituent concentrations to the following:

e Radiological dose exposure limits
o  WAC 173-340, “Model Toxics Control Act -- Cleanup,” cleanup levels.

Only those constituents that exceed one or more of these criteria are retained as contanr  ants of
concern (COC).

3.3 POTTNTIAL APPLICABLE OR ""LEVAN
AND APPROPRIATE RE' JIREMENTS

The potential ARARs for the 200-UW-1 OU are identified in Appendix B.

34 REMEDIAL ACTION OB. CTIVES
The RAOs are general descriptions of what the r :dial action is :pected to accomplisl
(i.e., medium-specific or site-specific goals for protecti-~ human health and the environr 1t).
They are defined as specifically as possible and usually address the following variables:
e Maedia of interest (e.g., contaminated soil, solid waste)
e Types of contaminants (e.g., radionuclides, inorganic, organic chemicals)
» Potential receptors (e.g., humans, animals, plants)

o Possible exposure pathways (e.g., external radiation, inges! n)

e Levels of residual contaminants that may remain following remediation (i.e., conta  1ant
levels below cleanup standards or below a range of levels for different exposure ro ).

The RAOs provide a basis for evaluating the capability of a specific remedial alternative t
achieve compliance with potential ARARs and/or an intended level of risk protection fort an
health or the environment. The preliminary RAOs for the cleanup « the 200 Areas for so
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e RAO 3' - Prevent migration of contaminants through the soil column to gro  water or

reduce soil concentrations below WAC 173-340-747, “Deriving Soil Conce:  ions for
Ground Water Protection,” groundwater protection criteria so that no further  radation
of the groundwater results from contaminant leaching from the 200-UW-1 € saste
sites.

e RAO 4 — Prevent adverse impacts to cultural resources and threatened or ent  ered
species, and minimize wildlife habitat disruption.

The first RAO addresses protection from nonradionuclide contaminants. The RAO be
satisfied if the following conditions are met:

e Total human health « :inogenié risks calculated using 1dustrial exposure a  aptions,
in accordance with the equations presented in WAC 173-340-745(5), do not
exceed 1x107°

o Human health noncarcinogenic hazard indexes, calculated using industrial expr~—are
assumptions and the equations in WAC 173-340-745(5), do not exceed 1

o Soil concentrations of COCs do not exceed applicable thresholds for protectior
ecological receptors.

The second RAO addresses protection from radionuclide contaminants. The RAO wil 3
satisfied if the following conditions are met:

o Industrial worker dose rates, caused by exposure to waste or contaminated soil. ) not
exceed 15 mrem/yr above background

e Terrestrial animal exposure rates do not exceed 0.1 rad/day
e Waste is 15 ft or more below the ground surface.

The third RAO addresses protection of groundwater resources. The RAO will be satisf | if the
following conditions are met:

e Soil concentrations are below WAC 173-340-747 groundwater protection methc  Hor

o The flux of contaminants into groundwater does not cause groundwater concenti  ns to
exceed maximum contaminant levels (MCL) at the point of compliance, or

e The flux of contaminants into groundwater is reduced or « minated, based on a
decreasing trend in the difference between the concentration of contaminants in
gradient and down-gradient wells.

! Note: Protection of the Columbia River from contaminants in this OU is achieved through RAO 3; ther )
surface water in the immediate vicinity of the waste sites that requires a separate RAO.
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contamination remaining, summarize the sampling and data a lysis approach, and «
attainment of cleanup levels.

3.5.1 Direct Exposure Preliminary Remediation Goals
for Nonradioactive Contaminants

Numeric PRGs, expressed in terms of concentration (e.g., milligram per kilogram), 1
developed for each of the 200-UW-1 OU nonradionuclide con tuents using the late
(February 12, 2001) of WAC 173-340, based on an industrial land-use scenario. Th
direct exposure and protection of t estrial wildlife were developed independently a
subsequently compared to each other to determine which offered the most restrictive
would be protective of all pathways. Development of the PRGs for the individual pe
summarized in the following subsections.

3.5.1.1 Protection of Human Health

For human receptors, preliminary remediation goals for direct exposure to nonradioact:
contamination in soils are based on risk-based standards. Risk-based standards for ind:
hazardous substances are established using applicable Federal and state laws and the ri;
equations. Risk-based standards for individual carcinogens in an industrial exposure s«
based on the upper boundary of the estimated excess lifetime cancer risk of one in.one
thousand (i.e., 1 x 107). Risk-based standards for individual noncarcinogenic substanc
at concentrations that would result in no acute or chronic toxic effects on human health
environment; this corresponds to a hazard index of less than 1. Consistent with this ap
the methodology described for industrial properties under WAC 173-340-745(5), “Soil
Standards for Industrial Properties,” “Method C Industrial Soil Cleanup Levels,” is use
calculate the risk-based standards; the most restrictive values from Ecology 94-145, CI
Levels and Risk Calculations under the Model Toxics Control Act Cleanup Regulation,
Version 3.1, are :d. Howev _ these tables do not include values for lead. Conseque
PRG cited for lead is the Method A value for industrial sites obtained from WAC 173-!
“Tables,” Table 745-1. Table 3-1 lists the nonradiological PRGs for direct human expc
those COCs.

3.5.1.2 Protection of Ecological Re: )tors
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Each of the 200-UW-1 OU waste sites is within the industrial area identified in DOE/EIS F

and within the area designated by the ROD as industrial (exclusive) (64 FR 61615). The

industrial (exclusive) land-use designation allows for continued waste management operz
within the 200 Areas consistent with past National Environmental Policy Act of 1969 (NI
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CER
and RCRA commitments and, among other things, will allow for the development of new
management facilities. Sites within the core zone currently have I  ited habitat suitable
establishment of ecological communities and food webs to support a hierar y of terrestr:

receptors. Maintenance of the industrial (exclusive) use will prevent future habitation by

However, cleanup tc = lustrial land-use standards may not continue to be protective of

ecological receptors after loss of institutional controls. A screening-level ecological risk

assessment has been used to develop soil PRGs for the protection of terrestrial wildlife.
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Comprehensive Environmental Response, Compensati..., and
Liability Act of 1980
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U.S. Department of Energy
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focused feasibility study
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waste aterials contaminated with more than 100 nCi/g
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Washington Administrative Code
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4.0 REMEDIAL ACTION ALTERNATIVES

The remedial action alternatives (RAO) are developed and described in this chapter.
Applicability of these alternatives to the waste sites also is considered. Additional activities that
are independent of the remedial alternatives are evaluated. Postremediation risks are evaluated
based on the representative sites and proposed remedial alternatives.

4.1 DEVELOPMENT OF ALTERNATIVES

Significant efforts and evaluations have contributed to defining applicable technologies and
process options that address Central Plateau waste sites. DOE/RL-98-28, 200 Areas Remedial
Investigation/Feasibility Study Implementation Plan — Environmental Restoration Program
(Implementation Plan), Appendix D, provides initial information on identification and screening
of remedial technologies for these waste sites. The Implementation Plan represents a Phase I
feasibility study and, as a result, formed the basis for the development of remedial alternatives.
This activity and evaluation provide the basis for the following steps in developing remedial
alternatives:

e Identify general response actions (GRA) to satisfy RAOs
o Identify potential technologies and process options associated with each GRA

 Screen process options to select a representative process for each type of technology,
based on their effectiveness, implement:  lity, and cost.

This facused feasibility study (FFS), using the Implementation Plan as the basis, further refines
the «__ernatives based on site-specific conditions to develop an appropriate set of remedial action
alternatives for the 200-UW-1 Operable Unit (OU) waste sites. The proposed remedial action

al*~ -~ that are applicable to the 200-UW-1 OU waste sites are summarized in Table 4-1.
Tl ng sections provide additional summary information on technology scree ~ g from
th entation Plan.

4.1.1 Screening and Identification of Technologies

This section serves as the final screening to identify potentially viable technologies for the
200-UW-1 OU. The initial identification and screening of remedial technologies conducted in
the Implementation Plan, Appendix D, are modified for this FFS based on information specific to
the sites in the 200-UW-1 OU. The following subsections summarize the technology screening
conducted (i.e., rescreening of the Implementation Plan remedial technologies that are r 1ined
for the 200-UW-1 OU). The technologies are discussed by GRA group. Table 4-2 represents a
roadmap for technology selection between the Implementation Plan and this FFS.

Potentially applicable technology types and process options were identified and screened in the
Implementation Plan in accordance with Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA) guidance, using effectiveness,
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implementability, and relative cost as criteria to eliminate those options that are
retaining those options that are considered most viable (see Table D-2 in Appen
Implementation Plan).

Because the initial screening in the Implementation Plan was preliminary, and b
site-specific risk assessment and characterization information ; availal :, the re
technologies presented in the Implementation Plan were rescreened for applicati
200-UW-1 OU. Following is a brief screening-level discussion of the technolog
results of the refinements.

4.1.1.1 No Action

The “National Oil and Hazardous Substances Pollution Contingency Plan” (40 (
requires that a no-action alternative be evaluated as a baseline for comparison w
alternatives. The no-action alternative represents a situation where no restrictio:
active remedial measures are applied to the site. The no-action alternative impli
walking away from the site and taking no measures to monitor or control contan
no-action alternative requires that a site pose no unacceptable threat to human he
environment. The no-action alternative was retained in the Implementation Plar
(DOE/RL-98-28) for the 200-UW-1 OU and is carried forward in this FFS.

4.1.1.2 Institutional Controls

Institutional controls consist of (1) physical and/or legal barrie to prevent acce:
contaminants, (2) monitoring of the groundwater and/or the vadose zone, and (3
existing soil covers. Institutional controls usually are required when contaminar
place in concentrations above cleanup levels; the controls likely will be a compo
remedial alternatives.
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The depth of the contamination at some waste sites limits the number of t 1nologies a licable
to removing contaminants at the site. .uerefore, institutional controls, especially moni...ing of
the groundwater near those sites, will be an important component of the remediation alternatives.

No changes have been made to this technology from what appeared in the Implementat
based on site-specific information. The institutional controls technologies will be inco:

into remedial alternatives.

4.1.1.3 Containment

Containment includes physical meas s to restrict accessibility to in-place contaminar
reduce the migration of contaminants from their current location. Containment technol
include surface barriers (caps) and vertical barriers, which are used to prevent or limit 1

and/or intrusion to the contaminated zone.
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A four-year (fiscal years 1995 through 1998) treatability test was successfully con
prototype of the Hanford Barrier constructed in fiscal year 1S | over the 216-B-5
primary purpose of the test was to document surface barrier construct: ility, const
and physical and hydrologic performance in support of remedial decision making
remediation at similar waste sites on the Hanford Site. The results of the treatabili
reported in DOE/RL-99-11, 200-BP-1 Prototype Barrier Treatability Test Report.

«d on a
3. The
N COsts,

it are

The principal surface barrier performance arameters evaluated during the treatability test
included water balance within the barrier under ambient and extreme precipitation conditions;

surface wind and water erosion; stability of the barrier foundation, surface, and riprag
surface vegetation dynamics; and animal intrusion. Using irrigation techniques, extre
precipitation conditions were simulated by applying water up to three times normal p
amounts, including 1,000-year storms. Treatability test objectives were achieved or ¢
the four years of testing. Results demonstrate that the barrier is easily constructed wi
construction equipment, performance criteria have been met or exceeded, and the Has
Barrier and associated design components are highly effective. Subsequent to the tre
test, monitoring activities have continued at the barrier. Results of the monitoring ac
reported in annual letter reports, the most recent being CP-14873, 200-BP-1 Prototyp
Barrier Annual Monitoring Report for Fiscal Year 2002. Water balance, barrier stab:
vegetation, and animal intrusion monitoring continue at the barrier. Results have sho
essen!’ 'y no drainage through up] - barrier silt layers a1 no measurable amounts ¢
through the asphalt layer/functional barrier system. Drainage does occur at the side s
Barrier side slopes and surface have remained stable. The barrier maintains a healthy
of native plants. The vegetation has been shown to effectively remove water. The ba

e slope;
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showed minimal small-mammal burrowing activity with no impact on barrier perforn.....ce

during the monitoring period.

The ET barriers can be divided into two categories: capillary b: iers and monolithic t
The barriers retained in the 200 Areas Implementation P° ™ DE/RL-98-28) (1.e., the
Barrier, the Modified Resource Conservation and Recovery Act of 1976 (RCRA) Subti
Barrier, and the Modified RCRA Subtitle . Bi___:r) are capillary barriers, which consi
fine-grained soil layer overlying a relatively coarse-grained soil layer. Monolithic barr
on a relatively thick single layer of fine-textured soil. The distinct textural interface in
ET barriers between the fine and coarse soil layers creates a capillary break, which fun
increases the water-holding capacity of the fine-grained soil over that associated with t
vertical drainage. Water will not flow into the coarse layer until the water content appr
saturation in the fine-grain soil layer. If the textural interface is )ped, water will mov«
in the fine-soil layer above the interface, which provides an additional mechanism for w
removal.

The advantage of the monolithic barrier is its simplicity. A single soil layer simplifies
construction and maintenance and is better able to accommodate differential settlement:
subsidence relative to a capillary barrier. A capillary barrier relies on maintaining a pla
textural interface, which would be susceptible to differential settlements or subsidence.
an important consideration for waste sites with void space or solid waste that are suscep
subsidence. Differential settlements can disrupt the continuity of layers (i.e., offset laye
which can create large macropores. However, a broad range of options is available
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barriers are considered to be an propriate process option for the waste sites in the
200-UW-1 OU. The standard RCRA, asphalt, concrete, and cement-type barriers w
in the Implementation Plan (DOE/RL-98-28) because of their limited effectiveness
in an arid climate; they are simila / rejected in this FFS.

The performance and design parameters would be determinec uring remedial desig
monolithic and the capillary barri ; have been shown to be equivalent to or to exce
performance of the standard RCRA Subtitle C Barrier design, and both have been a
planned for use in several western states (DOE/RL-93-33).

If an engineered barrier is identified as the preferred alternative, finalization of site-
designs will occur as part of the remedial design process and will consider the RAO
requirements to be defined in the record of decision, regulatory design and performe
standards, material availability, cost-effectiveness, current surface barrier technology
information, and site-specific hydrologic and physical performance requirements to e
containment. Different waste sites likely will have varying barrier performance requi
and more than one barrier design (e.g., monolithic and capillary barrier) may be deplc
address waste site engineered barrier needs.

4.1.1.3.2 Slurry Walls and Grout Walls

Slurry walls and grout walls were retained in the Implementation Plan. Slurry walls ¢
walls often are used to contain contaminated groundwater but have application in the
zone to limit (1) the horizontal movement of moisture into con' ninated materials or
vertical migration of contaminants. Vertical barriers are a supplemental element in tk
surface caps to effectively improve containment performance in deeper zones; both sl
and grout walls are suitable technologies for this application. However, the need for |
control of contaminant migration has not been identified, based on available site char:
data, and therefore they are rejected in this FFS.

4.1.1.4 Removal and Disposal

The Implementation Plan identified excavation of contaminated soils, with treatment
to meet disposal criteria, and transportation and disposal to the abpropriate disposal {
applicable technology for the waste sites. Excavation of materi: ; generally is accon
using standard earthmoving equipment, such as backhoes and front-end loaders. Thi
is retained for use at sites as a standalone remedial alternative. Most of the sites in tt
200-UW-1 OU contain the majority their contamination in the depth range of 0 to
50 ft). Excavationto 15 m (50 ft), while possible, is more difficult at depths greater |
(25 ft), which is a normal reach for conventional excavation equipment. While excas
greater depths is possible, additional engineering controls such as shoring or more gr
would be needed. Terracing would be required to reach greater « >ths, which could
with nearby buildings or facilities such as other waste sites, active facilities, or active
pipelines. Risks to workers increase with the depth of excavation because of increas:
construction duration and exposure time to the workers.

The levels of contamination in many of the waste sites in the 200-UW-1 OU pose a d
workers. The levels of Cs 37 and potentially other radionuclides, as well as the dur
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4.2.2 Alternative 2 — Maintain Existing Soil Cover,
Institutional Controls, and Monitored Natural

Attenuation
Under this alternative, existing soil covers would be maintained and/or augmente :eded to
provide protection from intrusion by biological receptors, along with legal barrie: 1as deed
restrictions and excavation permits) and physical barriers (such as fencing) that v aitigate
contaminant exposure. Radioactive contaminants remaining beneath the clean so r would
be allowed to decay in place (i.e., attenuate naturally) thereby reducing risk until \ation

goals are met.

A clean soil cover could be represented either as clean backfill over subsurface struct s

(e.g., cribs) or as a surface stabilization layer of clean soil, or 1 th in combination, as  he case
with several sites in the 200-UW-1 OU. This alternative may be preferable in the fol  ing
circumstances:

o When contaminant concentrations are very close to ren lial goals within the  eptable
timeframe

o For contaminants that naturally attenuate and are not mobile in the environme
o  When the cost to remediate does not gain a comparable amount of risk reduct:  and/or

o When the cost for active remediation (e.g., removal, treatment, disposal, engicr  :d
barrier) is prohibitive.

Based on literature searches regarding the root and burrowing depths of vegetationan  imals
present on the Hanford Site, a soil thickness sufficient to preve  biological intrusion rally
would be 2.4 to 3.0 m (8 to 10 ft). Further evaluations on the } iford Site (DOE/RL-  1-06,
Accelerating Cleanup and Shrinking the Site, Table 2-2) have indicated that a conditic ~ point
of compliance 1y be __, for sites implementing institutional controls, at the biologic active
soil zone, which is assumed to extend to a depth of 2.7 m (9 ft). This means that cont:  1ants
below 2.7 m (9 ft) do not require remediation or institutional controls to be protective
ecological receptors. WAC 173-340, “Model Toxics Control Act -- Cleanup,” specifies =
conditional point of compliance for ecological receptors of 1.8 m (6 ft) below ground s1 ace
(bgs) with institutional controls. Many of the waste sites have a soil cover (i.e., surface
stabilization, backfill) over the contaminated zone of 1.8 m (6 ft) or more. The maxim

surface stabilization layer thickness at any of the representative sites is 0.5 m (1.75 ft), :

several of the waste sites addressed in this FFS have an existing surface stabilization lay  of
about 0.5 m (between 1.5 and 2 ft). The clean backfill over the contaminated zone also  vides
additional soil thickness.

For sites having a clean soil cover <4.6 m (15 ft), more stringent institutional controls

(e.g., physical and legal barriers, biological monitoring, removal of deeply rooted plants  ntrol
of deep burrowing animals) would need to be implemented. Water- and land-use restric  1s
also would be used to prevent exposure. However, none of the representative sites have
sufficient soil cover over the contaminated zone to prevent biological intrusion to 4.6 m i ft).
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implemented in radiological and hazardous environments. Radioactive waste requir
special-handling protocols, but remote-controlled equipment is not necessary, based
knowledge and observed concentrations of radionuclides from characterization activ
Removal technologies do not require that the precise extent of contamination be kno
excavation. Rather, the extent of contamination is assesse¢  the excavation procee
extent of remediation is adjusted accordingly. In this alternative, soils will be remos
PRGs are achieved (Fi; e 4-1), or to a maximum depth of 4.6 m (15 ft), or to belov
engineered structure, or as required to meet groundwater protection criteria. If previ
unknown contamination above the PRGs is discovered, “ ~ex at of remediation me
increased following consultation with the DOE, EPA, and the Washington State Deg
Ecology (Ecology). A decision to excavate to a greater depth to protect groundwate:
depend on factors such as the cost of further remediation, amount of risk reduction a
volume of soil generated, availability of disposal facility capacity, impacts on cultur:
ecological resources, logistics and interference with other onsite activities/structures,
safety issues, and implementability of the excavation for the deeper contamination.
existing information, soil and/or di ris removed from the waste sites are not anticipz
require ex situ treatment to meet disposal requirements at the E™™F or to reduce wa:
Contaminated soil will be containerized on site (e.g., containers. “burrito wraps,” bu
and transported to the ERDF, located near the U Plant Areain e 200 West Area. L
radioactive waste  d/or hazardous waste are acceptable for di osal atthe E™ "F, ir
with the waste acceptance criteria (BHI-00139, Environmentai restoration Disposal
Waste Acceptance Criteria).

After the clean cover and contaminated soil are removed and the RAQOs are met, unc
soil would be used to backfill the excavation. The backfill material could be found a
of sources, including local borrow pits and the excavated material that is determined
(verified as clean by meeting the PRGs). Following remediation, the site will be rec:
resurfaced, and/or revegetated to establish natural site conditions.

4.2.4 Alternative 4 — Engineered Barrier

4.2.4.1 General Engineered Barrier Technology Description

Engineered barriers consist of surface barriers constructed over contaminated waste sit:
control the amount of water that infiltrates into contaminated media, to reduce or elimi;
leaching of contamination to groundwater. In addition to their hydrological performan
barriers also may function as physical barriers to prevent intrusion by human and ecolo
receptors, limit wind and water erosion, and shield radiation. Institutional controls wot
required to prevent intrusion to the capped area and to prevent activities that might alte
effectiveness of the barrier. Institutional controls (including legi administrative, or pt
controls such as deed restrictions, excavation permits, fencing) are required to minimiz
potential for exposure to contamination. Monitoring associated with this alternative in

performance monitoring to ensure that the barrier is performing as designed as well as
monitoring groundwater to ensure that RAO #3 is met.
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Anen; ~ :ered barrier is applicable for groundwater, human health, and ecological ction,
especially for contaminants that will remain in place.

Cap design will need to take into account both limiting percolation, thereby protec

groundwater, and limiting intrusion as performance requirements. The time perio« m*o
intrusion will depend on the type of contaminants present, as well as the period of tional
control. For example, if the contaminants were cesium and technetium, the barrier n would
have to limit percolation to support the RAO of no further groundwater degradatio

concurrently would have to limit intrusion via a series of various actions (e.g., elin

pathways, maintain institutional controls). The engineered barrier alternative inclt ‘ovisions
for groundwater monitoring for those waste sites that have deep vadose zone conte ion.
Use of an engineered barrier altert1  ive would require an assessment of the lateral :of
contamination during the confirmatory and/or remedial design sampling phases to ly size
the cap to ensure containment. The site-specific extent of contamination can be as using a
variety of approaches including, but not limited to, process knowledge, previous si
investigations, geophysical logging, and/or soil sampling. Some degree of oversiz the
barrier beyond the footprint of the waste zone (referred to as o ‘lap) is expected ¢

dependent on the barrier design used and the depth of contamination. For the purp "the
FFS, an overlap of 6.1 m (20 ft) is assumed. The type and availability of barrier cc ;tion
materials is also a design consideration. The results of the most recent investigatic

(BHI-01551, Alternative Fine-Grained Soil Borrow Source Study Final . 2d to
be considered during remedial design for selection of the barrier constru \ more
detailed geotechnical evaluation of borrow sites likely may be required t gn
process.

Site preparation activities require completion before barrier construction nclude
site stabilization activities and the r  10val of obstructions. The FFS ass ite
stabilization will be required at all waste sites and uses dynamic compac 1e
technology. Structures oipeli:  hat obstruct at the surfa ation ient
would be removed or stabilized b¢  :cons ction begins. These struct o
contain contaminated material, may be abandoned in place. Contaminate exceed
the PRGs would need to be removed.

Caps require surveillance and maintenance throughout their life to ensure stion.
In addition, some level of performance monitoring also would be expecte the
barrier is performing as designed. This FFS assumes fairly robust perfor 2
during the first 5 years after construction, followed by more streamlined ... _..... . _____guent
years. For the majority of the sites in this FFS, a design life of 500 years is considered 2
sufficient, because the contaminants decay to protective levels at the surface within 50C s,
with the exception of one site. For barriers that use naturally stable geologic materials,  key
factor establishing life expectancy is projected wind-erosion rates, which can be minim by
maintaining the vegetation cover, adding gravel to the upper portion of the surface laye:  other
armoring methods.

Postremediation requirements for the surveillance, inspection, maintenance, and monitc of
this engineered barrier alternative will be established using the data quality objectivesp  ss
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plan will identify the preferred remedy accepted by the Tri-Parties. The criterion of
acceptance will be evaluated following the issuance of the proposed plan for public
comment.

In addition to the CERCLA criteria, National Environmental Policy Act of 1969 (NE
have been incorporated into this document. Assessment of these considerations is ir
the integration of NEPA values into CERCLA documents, as called for by both the |
Secretarial Policy on National Environmental Policy Act (DOE 1994) and DOE O 4
National Environmental Policy Act Compliance Program. Potential effects on NEP.
also are discussed in this chapter.

5.1.1 Overall Protection of Hu n Health and the Environment

This criterion determines whether adequate protection of human health and the envirc
including preservation of natural systems and biological divers v, is achieved througl
implementation of the remedial alternative. Protection includes reducing risk to accej
levels, either by reducing contamir 1t concentrations or by eliminating potential rout
exposure, and minimizing exposure threats introduced by actions during remediation.
Environmental protection includes avoiding or minimizing impacts to natural, cultural
historical resources. This criterion also evaluates the potential for human health risks,
of those risks, and whether a net environmental benefit will result from implementing
remedial alternative.

This first criterion is a threshold requirement and is the primary objective of the remed
program. As indicated in EPA guidance, this criterion and the criteria for compliance
ARARSs, long-term effectiveness and permanence, and short-term effectiveness overlaj
(EPA/540/G-89/004). To conclude the overall performance of the r  2dial alternative
alternative will be evaluated as a summary of the effect of an alternative on potential e
pathways rather than as a reiteration of components of other criteria.

5.1.2 Compliance with Applicable or Relevant and
Appropriate Requirements

The ARARSs are any appropriate standards, criteria, or limitations under any Federal
environmental law or more stringent state requirement that must be either met or waive
hazardous substance, pollutant, or contaminant that will remain on Site during or after
completion of a remedial action. The ARAR identification process is based on CERCL
guidance (EPA/540/2-88/002, Technical Approaches to Cleanup of Radiologically Con
Superfund Sites; EPA/540/G-89/004). Potential Federal and state chemical-, location-,
action-specific ARARs associated with remediation of the 200-UW-1 OU are presentec
Appendix B, and each alternative is assessed for compliance against these ARARs. Wi
ARAR is not met, the basis for justifying a waiver must be presented.
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o Whether the alternative satisfies the statutory preference for treatmentasap  ipal
element.

5.1.5 Short-Term Effectiveness

This criterion evaluates the potential effects on human health and the environment c.....1g the
construction and implementation phases of a remedial action. This criterion also cor i the
speed with which an alternative achieves protection. The following factors are consi for
each alternative:

o Health and safety of remediation workers and reliability of protective measur en.
Specifically, this involves any risk resulting from implementation, such as fu; dust,
transportation of hazardous materials, radiation exposure, or air quality impac m

off-gas emissions

o Physical, biological, and c1 ural impacts that might result from the construct d
implementation of the remedial action, and whether the impacts can be contrc r
mitigated

e The amount of time for the RAQOs to be met.

Short-term human health impacts are closely related to the dur; on of exposure to he us
waste and the risks associated with waste removal. The greater the exposure time, th ter the
risk. Guidelines will be followed during implementation of the remedial action to m: (S

worker risks and maintain exposures as low as reasonably achievable (ALARA).

Short-term environmental impacts are related primarily to the extent of physical distt eofa
site and its associated habitat. Risks also can be associated with the potential disturb. f
sensitive species (e.g., bald eagles) because of increased human activity in the area.

5.1.6 Implementability

This criterion addresses the technic: and administrative feasibility of implementing
alternative and the availability of the required services and materials.

The following factors are considered for each alternative:
o Technical feasibility

— The likelihood of technical difficulties in constructing and operating tt
alternative

— The likelihood of delays because of technical problems

— Uncertainties related to innovative technologies (e.g., failures)
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5.2 RCRA PERFORMANCE STANDARDS

This chapter proposes how the closure performance standards will be met. The pr

alternatives have been evaluated for compliance with the Resource Conservation c “overy
Act 0of 1976 (RCRA) closure performance standards identified in WAC 173-303-6

“Dangerous Waste Regulations,” “Closure and Post-Closure,” “Closure Performar ndards,”
and in WAC 173-303-665(6), “Dangerous Waste Regulations,” “Landfills,” “Clos t Post-
Closure Care.” The preferred alternative must comply with the established closure ‘ements.
These standards require the closure of treatment, storage, and disposal (TSD) units \anner

that achieves the following:

s Minimizes the need for further maintenance

o Controls, minimizes, or eli nates, to the extent necessary to protect huma; h and
the environment, postclosure escape of dangerous waste, dangerous waste « lents,
leachate, contaminated runoff, or dangerous waste decomposition products ground,

surface water, groundwater, or atmosphere

» Returns the land to the appearance and use of surroundi ; land areas to the
possible, given the nature of the previous dangerous waste activity.

The standards for final closure of a®  dfill (WAC 173-303-665(6)(a) require that t... .... 4l cover

be designed and constructed to perform as follows:
e Provide long-term minimization of migration of liquids rough the closed land |
o Function with minimum maintenance
o Promote drainage and minimize erosion or abrasion of t cover
. :commodate settling and subsidence so that the cover’s integrity is maintaine.

« Have a permeability less than or equal to the permeability of any bottom liner s;
natural subsoils present.

The RCRA closure performance standards, as identified in WAC 173-303-610(2), for tl__

m or

216-U-12 Crib RCRA TSD unit will be evaluated in concert with the CERCLA criteria  he

first two closure standards are effectively addressed as part of the nine-criteria evaluatic
required by CERCLA. The first standard is evaluated as part of e CERCLA criterion
long-term effectiveness and permanence. The second closure standard is included in th
CERCLA criterion for overall protectiveness; compliance with ARARs; reduction in to:
mobility, or volume; implementability; and long-term effectiveness. The requirement t«
the land to the appearance and use of surrounding land areas is not specifically addresse
CERCLA process but is an element of the NEPA values.
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5.3.1.2 Compliance with Applicable or Relevant and Appropriate Requirements

Bec: e no action would be taken to control the exposure pathway, this alternative would not
meet we potent” * * " ARs for the waste sites where contaminants above the RAOs would remain
on site. For the four sites listed above, this alternative would meet the potential ARARs.

5.3.1.3 Long-Term Effectiveness and Permanence

This alternative would not be effective in the long term, because contaminants would remain in
the majority of the waste sites without controls to maintain the existing soil cover. This assumes
that the existing soil covers would fail before the RAOs were met at the waste sites. For the four
sites listed above, this alternative would be affective.

5.3.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment

Reduction of toxicity, mobility, or volume would occur in the form of natural attenuation.
Natural attenuation is a process that results in a reduction of toxicity, mobility, or volume
through natural processes such as radioactive decay. Most of the contaminants identified during
characterization would be influenced by the radioactive decay process. Radioactive decay is a
well-understood natural attenuation process based on a first-order rate reaction. Radioactive
decay is calculated easily using the half-lives of the individual radionuclides present.
EPA/540/R-99/009, 1999, Use of Monitored Natural Attenuation at Superfund RCRA Corrective
Action and Underground Storage Tank Sites November 1997, OSWER 9200.4-17P,
acknowledges that natural attenuation can be an appropriate treatment for contaminated soil.
Because of uncertainties in the science of natural attenuation processes, the EPA considers
source control and performance monitoring to be fundamental components of the option. The
no-action alternative does not use any control or monitoring.

5.3.1.5 Short-Term Effectiveness

No short-term risks would be associated with the no-action alternative, because remedial
activities would not be conducted. Current risks to workers are not an issue because of
protective soil covers over most of the waste sites and appropriate safety measures for work
activities.

5.3.1.6 Implementability

The no-action alternative could be implemented immediately and would not present any
technical problems. All of the 200-UW-1 OU waste sites currently are undergoing in situ natural

attenuation.

5.3.1.7 Cost

The no-action alternative would involve no cost.
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216-U-12 Crib and Its Analogous Sites: Based on the site conceptual model, this
reliable and permanent for the 216-U-5, 216-U-6, and 216-U-15 Trenches as well a:
216-U-16 and 216-U-17 Cribs, because contaminants will be removed in accordanc
RAOs. The nitrogen as nitrate and nitrite at the 216-U-12 Crib is present  elevatex
approximately 61 m (200 ft) bgs and currently is found in groundwater (located at a
78 m [255 ft]). Based on evaluations conducted in Appendix C, ecological protectic
met at this site.

This alternative meets RAOs 1, 2, and 3. However, because of the extent of excava
impacted surface area, and need for additional backfill material, it is anticipated that
area will be disrupted and, consequently, meeting RAO 4 would prove difficult.

216-U-4 Reverse Well / 216-U-4A French Drain and Their Analogous Site: Bas
evaluations conducted in Appendix C, Cs-137 concentrations are anticipated to exce
human health RAO within the near surface and are anticipated to decay to acceptabl
within 125 years. The evaluations conducted in Appendices C and D indicate that g
and ecological protection values are met at this site. Alternative 3 is the most reliab
permanent alternative for these waste sites. Based on the conc tual site model, the
contaminants will be removed in accordance with the RAOs using standard construc
techniques.

UPR-200-W-19 and Its Analogous Sites: Based on the evaluations con¢’ ‘edin /£
Cs-137 concentrations are anticipated to exceed the human health RAO within the n
and are anticipated to decay to acceptable levels within 129 years. The evaluations «
Appendices C and D indicate that groundwater and ecological protection values are
site. Based on the conceptual site model, the contaminants will be removed in acco1
the RAOs using standard construction techniques.

200-W-42 VCP and UPR-200-W-163: Based on the evaluatic :conducted in Apg
Cs-137 concentrations are anticipated to exceed the human health RAO within the n
and are anticipated to decay to acceptable levels within 831 years. The evaluations «
Appendices C and D indicate that groundwater and ecological protection values are
site. Based on the conceptual site model, the contaminants will be removed in accor
the RAOs using standard construction techniques. An anticipated 21,489 m® (758,8:
clean material would be removed to access the 19,200 m® (678,040 ft) of contamine
depth of 3 m (13 ft). Approximately 53 percent of the excavated material will be
noncontaminated. As such, the amount of risk reduction (and thus control and perm
gained from this alternative by excavating these waste sites is moderate.

5.3.3.4 Reduction of Toxicity, Mobility, or Volume Through reatment

In general, the removal, treatment, and disposal alternative would include treatment
toxicity, mobility, or volume. With the availability of the ERDF, treatment is not an
However, if all of the 200-UP-1 OU sites were excavated (or even just the 216-U-8 (
ERDF would reach capacity, and v ‘e would have to be either shipped offsite or di
onsite in, for example, another future ERDF. However, there is currently (as of Febi
enough capacity at the ERDF to dispose of the soil from the smaller sites. Based on
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« Radiation control technicians performing radiological surveys in the pit, duri
conveyance, and while the ulldozer operator spreads e excavated material
ERDF

o Bulldozer operator spreading excavated materials within the ¢« “nes of the I

The contaminants associated witt arly all of the waste sites result in significant do
workers:

e 216-U-1/216-U-2 Cribs — excavator operator 116 person-rem; shuttle driver
39 person-rem; laborer 793 person-rem

¢ 216-U-8 Crib - excavator operator 2 person-rem; shuttle driver 0.7 person-ren
100 person-rem

¢ 216-U-12 Crib - excavator operator 0.0006 person-rem; shuttle driver 0.0002 |
laborer 0.005 person-rem.

Table G-7 in Appendix G summarizes the dose to workers associated with the excava
disposal process.

Physical disruption of the waste sites during excavation, increased human activity and
generation of fugitive dust could affect local biological resources.

216-U-1 and 216-U-2 Cribs and Their Analogous Site: Alternative 3 doesrec ‘re a
significantly large excavation at the cribs (approximately 285 by 263 m [934 by 862 ft
surface of the o?en pit). For the 216-U-1 and 216-U-2 Cribs, an anticipated 5,966,779
(210,714,769 ft) of clean material would be removed to access the 115,591 m’ (4,082,
contaminated soils to a depth of 60.4 m (168 ft). Approximately 98 percent of the exc:
material will be noncontaminated.

216-U-8 Crib: Alternative 3 does require a significantly large excavation for the cribs
(approximately 299 by 266 m [982 by 872 ft] at the surface of the open pit). For the 21
Crib, an anticipated 6,082,238 m’ (214,792,186 ft’ ) of clean material would be remove
access the 161,936 m> (5,718,720 ft3) of contaminated soils to a depth of 60.4 m (198 f
Approximately 97 percent of the excavated material will be noncontaminated.

216-U-12 Crib and Its Analogous Sites: Alternative 3 does require a significantly lar;
excavation at the crib (approximately 277 by 250 m [910 by 820 ] at the surface of the
pit). For the 216-U-12 Crib, an anticipated 5,813,531 m’ (205,302,891 ft’) of clean mai
would be removed to access the 63,894 m’ (256,404 il ) of contaminated soils to a dept
(200 ft). Approximately 99 percent of the excavated material will be noncontaminated.

216-U-4 Reverse Well / 216-U-4A French Drain and Their A1 logous Site: For the
Reverse Well and 216-U-4A French Drain, a anticipated 550 m® (19,406 ft*) of clean m
would be removed to access the 49 m® (1,725 ft* ) of contaminated soils to a depth of 4.¢
(15 ft). Approximately 92 percent of the excavated material will be noncontaminated.
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contaminated materials in accordance with the RAOs would a w for greater flexibi
land use. The aboveground structures (e.g., vent pipes) woulc e removed along wit
site soil covers and contaminated crib and trench soils. Ancillary pipelines associate
waste sites will be addressed through a separate evaluation and decision-making pro«
not addressed here. Every 0.3 m (1 ft) of excavation would required 0.5 m (1.5 ft) o!
for a 1:1.5 ratio. This safety measure significantly increases the amount of material 1
excavated (sometimes by 99 percent), but is considered implementable when benchi

Limited coordination with other agencies and local governments would be necessary
approval of the alt.  itive. Excav. on and disposal would require coor: 1ation witl
agencies to assess matters relative to sto  water control and the potenti for radioa

emissions.

Other waste sites and operations in the vicinity of the waste sites could *~“uence the
implementability of this alternative at a particular site. Some of the 200-UW-1 OU v
(e.g., 216-U-4B French Drain) are located near existing facilities (e.g., 222-U Labore
Implementing remedial actions at these sites would require coc  ination with operati
personnel and could preclude or postpone certain remedial alternatives.

This alternative would not be either easily implemented or cost effective for those sites
contaminants at significant depth because of the following:

o Potential impacts to existing facilities and the infrastructure (such as roads and
¢ The needed ERDF capacity for disposal, laydown areas, and backfill material n

o Increased worker risks, given that the contaminants impacting groundwater are
estimated depth of around 61 m (200 ft) bgs

o Diminishing return of risk reduction versus cost expended.

Special excavation techniques, such as limited excavation lifts, downblending for healt.
safety, and protection systems (e.g., equipment modifications, decontamination areas) 1
would be necessary to support this alternative, which would increase costs and disposal
significantly (these are discussed in greater detail in the following subsections).

216-U-1 and 216-U-2 Cribs and T1 ir Analogous Site: To remove soils in accordan
the RAOs, the excavation would be advanced to a depth of 60.4 m (168 ft) bgs. Every
(1 ft) of excavation would require 0.46 m (1.5 ft) of side slope for a 1:1.5 vertical to ho:
ratio. This safety measure significantly increases the amount of material excavated. T¢
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the contaminants of concern for this group, 6 million m’ (214 million ft}) of soil would .....e to

be removed.

Because of the proximity of the 216-U-1 and 216-U 2 Cribs to the 241-U-361 Settling T
excavation activities would be more complicated, because the excavation itself likely wr
encroach on the cribs.
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that the subcontractor personnel are wearing Level C personnel protective equipment
(i.e., coveralls and air filter respirators).
5.3.4 Detailed Analysis of Alternative 4: Engineered Barrier

An engineered barrier is built over the contaminated waste site, thus “capping” the si
or limit water from infiltrating into the waste and to prevent intrusion by human or e«

()

lo prevent
ogical

receptors. The barrier would be monitored to evaluate its performance. Institutional - - atrols

(such as deed restrictions, land-use zoning, and excavation permits) would be require
minimize the potential for exposure to contamination or for compromising the barries

effectiveness. A summary of the results of the CERCLA evaluation process is preser...d in

Table 5-4; these results are discussed in more detail below.

5.3.4.1 Overall Protection of Human Health and the Envit 1ment

This alternative would break potential exposure pathways to receptors through placen
surface barrier and institutional controls. Institution controls would be maintained at «
sites until the RAOs are achieved through natural attenuation. Institutional controls w
provide additional protection against access. The site would incorporate monitoring a
inspections of barrier performance and natural attenuation to aid in the evaluation of ¢
performance. The engineered barrier would provide additional intrusion protection ar
provide infiltration control to protect groundwater. The area will be maintained for in
land use. These monitoring activities would be coordinated at those waste sites that h
uncertainty associated with mobile contaminants (e.g., nitrates, c-99) at depth. Thes
include the 216-U-8 Crib, 216-U-12 Crib, and the 216-U-1 and 216-U-2 Cribs.

Alternative 4 also is protective for the 200-W-42 VCP/UPR-200-W-163 site, because
exposure pathway is removed, and institutional controls provide use limitations aroun
1 ier.

At the 216-U-4 Reverse Well and 216-U-4A French Drain, institutional controls will 1
in place for 125 years, the time required for the constituents to naturally decay. At
UPR-200-W-19, institutional controls will need to be in place for 129 years.

Furthermore, the DOE is performing other activities to reduce the driver for potential -
contaminants to groundwater from natural and artificial recharge, including decommis
old wells that pose a potential pathw r for contaminant transport to groundwater, elin:
artificial recharge from septic systems and leaking water lines that may present a drivi
for contaminants transport, and continuing environmental monitoring.

Monitoring within the 200-UW-1 OU will be integrated and defi d in a U Plant Area
and maintenance plan. This plan will encompass the U Plant Area and will integrate t|
monitoring needs associated with the various projects and the selected remedy needs.

integration will be accomplished for the U Plant Area that is specific to the institution:
This planning effort will include contingency plans associated with the anticipated bar
performance, groundwater monitoring, institutional controls, and monitored natural att
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WAC 173-303-610(7), “Dangerous Waste Regulations,” “Closure and Post
“Post-Closure Care and Use of Property,” Washington Administrati
Washington State Department of Ecology, Olympia, Washington.

WAC 173-303-610(8), “Dangerous Waste Regulations,” “Clo re and Post-Closure,”
“Post-Closure Plan; Amendment of Plan,” Washington Administrative Code, :
Washington State Department of Ecology, Olympia, Washington.

WAC 173-303-610(9), “Dangerous Waste Regulations,” “Clo e and Post-Closure,’
Local Land Authority,” Washington Administrative Code, as amended, Washi
Department of Ecology, Olympia, Washington.

WAC 173-303-610(10), “Dangerous Waste Regulations,” “Closure and Post-Closure
in Deed to Property,” Washington Administrative Code, as amended, Washing
Department of Ecology, Olympia, Washington.

WAC 173-303-646(2), “Dangerous Waste Regulations,” “Closure and Post-Closure,”
“Corrective Action,” “Requ :ments,” Washington Administrative Code, as ar
Washington State Department of Ecology, Olympia, W hington.

WAC 173-303-665(6), “Dangerous W ‘e Regulations,” “Closure and Post-Closure,”
“Landfills,” “Closure and Post-Closure Care,” Washington Administrative Co.
amended, Washington State Department of Ecology, Olympia, Washington.

WAC 173-340, “Model Toxics Control Act -- Cleanup,” Washington Administrative (
amended, Washington State Department of Ecology, Olympia, Washington.

WAC 246-272-18501, “Department of Health,” “On-Site Sewage Systems,” “Abando
Washington Administrative Code, as amended, Wa * "1y n State Department «
Olympia, Washington.
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TERMS

applicable or relevant and appropriate requirement
Comprehensive Environmental Response, Compensation
Liability Act of 1980

operable unit

remedial action objective
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6.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

This chapter presents the comparative analysis of the four remedial alternatives for the
200-UW-1 Operable Unit (OU) waste sites to identify their relative advantages and
disadvantages. This comparison is based on the seven Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA) evaluation criteria discussed in Section 5.1.
The results of this analysis provide a basis for ¢ " :cting a remedial alternative for each

repres e waste site and associated analogous waste sites. The list of representative sites
and their associated analogous sites is presented in Tables 2-2 to 2-7. These remedial
alternatives, as described in Chapter 4.0, are as follows:

e Alternative 1 — No Action

e Alternative 2 — Maintain Existing Soil Cover, Institutional Controls, and Monitored
Natural Attenuation

e Alternative 3 — Removal, Treatment, and Disposal

e Alternative 4 — Engineered Barrier.

6.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

Alternative 1 would fail to provide overall protection of human health and the environment
where contaminants above the remedial action objectives (RAO) would remain on site (as shown
in Appendices C and D and summarized in Sections 2.7 and 2.8). However, there are four waste
sites where, upon confirmatory sampling, the no-action alternative may be implemented. These
four sites are the 200-W-56 and 200-W-57 Dumps; the UPR-200-W-8 Pit, and the 2607-W7
Septic Tank.

Alt=mative 2 would provide overall protection of human health and the environment for sites
tha. _how protection of groundwater and achieve human health protection within 150 years (as
shown in A~ >ndices . and .. and summarized in Sections 2.7 and 2.8). All of the
representative waste sites in the 200-UW-1 OU exceed the human health protection criteria when
evaluated without considering the existing soil cover, and with the exception of the 216-U-4
Reverse Well / 216-U-4A French Drain and the UPR-200-W-19 unplanned release waste sites,
they also exceed the groundwater protection criteria. Several of the analogous waste sites have a
limited contaminant inventory, primarily located within the shallow zone. These analogous sites
are assumed, based on the representative sites, to be protective of human health and the
environment through maintenance of the existing soil cover. Confirmatory sampling would be
used to validate the groundwater protection criterion and to determine the appropriate timeframe
for decay of the constituents to acceptable levels. In addition, the 221-U Facility currently is
undergoing a concurrent decision-making process. Implementation of the engineered barrier at
the 221-U Facility would allow these sites to undergo institutional controls that, in concert with
the proposed 221-U Facility engineered barrier, would be protective. These sites include the
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6.6 IMPLEMENTABILITY
Alternative 1 would be easily implemented, because no action is performed.

Alternative 2 is currently in use for all of the waste sites. The waste sites are in a surveillance
and monitoring program and are posted with signs and/or the area is fenced. Access to the waste
sites also is controlled through Hanford Site access requirements, an excavation permit program,
and a radiation work area permit program. The addition of monitoring wells or boreholes is
easily implementable.

mative 3 would be more complicated to implement in the near term because of the
arr~culties and safety requirements associated with the excavation, transportation, and disposal
of _.il and debris. For those sites with contamination at significant depth (i.e., 216-U-1/216-U-2,
216-U-8, and 216-U-12 Cribs) this remedy is not implementable or cost effective.

Alterrative 3 would “~-rolve excavation and segregation of pipes, concrete structures, and other
s " " waste. The volume of waste generated by this alternative would require increased daily
p  1ction capacity at the Environmental Restoration Disposal Facility.

Alternative 4 is implementable. An engineered barrier has been implemented at the Hanford Site
dott types of barriers have been regulatory approved and implemented at other western arid

sites and are easy to construction and maintain. Facilities and infrastructure in the vicinity of the

waste sites could influence the implementability of a surface barrier option at a particular site.

6.7 COST

The cost to implement the alternatives is presented in Appendix F. Alternative 1 has no cost
associated with it and has no additional benefit to human health and the environment over
cu—nt risks. Alternative 2 has the lowest cost, because it is minimally invasive and does not
inciude labor-intensive activities. Alternative 3 is the most cost effective for many of the waste
sit== hecause of shallow contamination. However, Alterative 3 is extremely costly for those
sit.. .hat require excavation depths of nearly 61 m (200 ft) below ground surface because of the

g protection criteria being ed. Alternatives2 3 are similar in cost for many
Ic shallow waste sites. Al 2 4 tends to be cost effective for those deep

Cl ‘that pose ath  t to the groundwater. Because the risks are fairly low at the waste
si _ 1ndwater protection issues tend to be at de h, the level of risk reduction is low and

costs become a more significant discriminator among a..crnatives.

6.8 REFERENCES

Comprehensive Environmental Response, Compensation and Liability Act of 1980,
42 USC 9601, et seq.

6-5








