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1.0 INTRODUCTION

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

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

1100 Areas at the Hanford Site on the 40 Code of Federal Regulations (CFR) 300, “National Qil
and Hazardous Substances Pollution Contingency Plan,” Appendix B, “National Priorities List™
(NPL) pursuant to the Comprehensive Environmental Response, Compensation, and Liability Act
of 1980 (CERCLA). The 200 Areas NPL Site consists of the 200 West Area and 200 East Area
(Figure 1-1). The 200 Areas contain waste management facilities, inactive trradiated fuel
reprocessing facilitics, and the 200 North Arca, which formerly was used for interim storage and
staging of irradiated fucl.

The 200 Arcas NPL site includes a region referred to as the Central Plateau, consisting of
approximately 800 waste sites currently organized into 23 waste site groups, called operable
units (OU). Two of the 23 waste site groups arc the 200-PW-2 and the 200-PW-4 QUs, the
subject of this feasibility study (FS). All of the 200-PW-2 and 200-PW-4 OU waste sites arc
located in the 200 East and 200 West Arcas (Figures 1-2 through 1-5) and li¢ within the
industrial exclusive land-usc boundary identified in DOE/EIS-0222-F, Final Hanford
Comprehensive Land-Use Plan Environmental Impact Statement (Figure 1-1). The source
facilitics discharging waste to the 200-PW-2 and 200-PW-4 OU waste sites are identificd in
Figurc 1-6.

Submittal of this FS and associated proposed plan for the 200-PW-2 and 200-PW-4 OU waste
sitcs by April 30, 2006, will mect Interim Milestone M-015-43C, “Submit 200-PW-2 QU
Feasibility Study/Proposed RCRA Permit Modification Including the Past Practice Waste Sites
in the 200-PW-4 General Process Waste Group of the Hanford Federal Facility Agreement and
Consent Order” (Hanford Federal F. acility Agreement and Consent Order [Tri-Party
Agreement]) (Ecology et al. 1989). Further, submittal of this FS containing closure planning
information for the 200-PW-2 and 200-PW-4 OU Resource Conscrvation and Recovery Act of
1976 (RCRA) treatment, storage, and/or disposal (TSD) units will satisfy Interim Milestone
M-020-33, “Submit 216-A-10 Crib, 216-A-36B Crib, 216-A-37-1 Crib, and 207-A South
Retention Basin Closure/Post Closure Plans to Ecology in Coordination with the Feasibility
Study for the 200-PW-2 Uranium-Rich Process Waste Group Opcrable Unit (To Be Coordinated
Under M-15-43C).”

Table 1-1 identifics all of the 200-PW-2 and 200-PW-4 OU waste sites within the scopce of this
FS. This includes waste sites investigated in accordance with DOE/RL-2000-60,
Uranium-Rich/General Process Condensate and Process Waste Group Operable Units RI/FS
Work Plan and RCRA TSD Unit Sampling Plan; Includes: 200-PW-2 and 200-PIV-4 Operable
Units (Work Plan) and reported in the remedial investi gation (RI) document, DOE/RL-2004-25,
Remedial Investigation Report for the 200-PW-2 Uranium-Rich Process Waste Group and the
200-P1V-4 General Process Condensate Group Operable Units (R1 Report). The 200-PW-2 and
200-PW-4 OUs consist of 34 RCRA past-practice (RPP) sites and 4 RCRA TSD units. These
wastc sites predominately are cribs, trenches, french drains, basins, and ditches wherc liquid
process waste was disposed to the soil column. Table 1-2 also identifics waste sites that were
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investigated in the Work Plan but subscquently reassigned to the 200-UW-1 OU for remediation
in accordance with Tri-Party Agreement Change Package C-03-01 and the Tri-Party Agrecment
waste site reclassification process (RL-TPA-90-0001, Tri-Party Agreement Handbook
Management Procedures).

1.1 PURPOSE

The purpose of this FS is to develop and evaluate alternatives for remediation of the waste sites
in the 200-PW-2 and 200-PW-4 OUs that will address potential risks to human health and the
environment from thesc sites and to function as a supporting document for the proposed plan
(DOE/RL-2004-86, Proposed Plan Jor the 200-PIV-2 (Uranium-Rich Process Waste Group) and
200-PW-4 (General Process Condensate Group) OUs. This FS refincs preliminary applicable or
rclevant and appropriate requirements (ARAR), remedial action objectives (RAO), and general
responsc actions (GRA) initially identified in DOE/RL-98-28, 200 Arcas Remedial
Investigation/Feasibility Study Implementation Plan — En vironmental Restoration Program
(Implementation Plan). Technology screening and development of alternatives initially
performed in the Implementation Plan are herein reviewed and rcfined, as necessary, based on
the site-specific data reported in the R Report (DOE/RL-2004-25) and other sources of existing
information. The initial remedial altemmative development provides the basis for developing a
focused range of viable alternatives for the 200-PW-2 and 200-PW-4 OU waste sites (¢.g., no
action; removal, treatment, and disposal; containment) appropriate to address site-specific
conditions. The alternatives are evaluated against the ninc CERCLA evaluation criteria defined
in EPA/540/G-89/004, Guidance Jor Conducting Remedial Investigations and Feasibility Studics
under CERCLA, Interim Final, OSWER 9355.3-01. The FS evaluation serves as the basis for
identifying preferred remedial alternative(s). The preferred alternatives will be presented to the
public for review and comment in DOE/RL-2004-86. Following public review, the Washington
State Department of Ecology (Ecology), EPA, and DOE Richland Opcrations Office (RL) will
preparc a CERCLA record of decision (ROD) that identifies the remedial alternative(s) to be
implemented for the 200-PW-2 and 200-PW-4 OU waste sitcs.

Information in this FS and related documents also will be uscd to support closure of the RCRA
TSD units (Table 1-1). RCRA TSD unit substantive closure requirements arc met through
preparation of closure documentation and modification(s) to WA7890008967, Flanford Facility
Resource Conservation and Recovery Act Permit, Dangerous Waste Portion, Revision 8, for the
Treatment, Storage, and Disposal o Dangerous Waste (HF RCRA Permit), Dangerous Waste
Portion, also presented for public review and comment. Section 1.3 of this FS provides
additional discussion of integration of RCRA closure activitics with CERCLA remedial actions.

1.2 SCOPE

This FS addresscs remediation of 38 waste sites within the 200-PW-2 or 200-PW-4 OUs
(Table 1-1). These sites include 34 RPP sites, and 4 RCRA TSD units within the industrial
exclusive land-usc boundary. Cleanup of the 200-PW-2 and 200-PW-4 OU waste sites is a
source control action addressing contaminated soil and structures (e.g., tanks) associated with
cribs, trenches, ditches, basins, french drains, and unplanned releases (UPR). The scope of this
FS docs not include the remediation of groundwater beneath these waste sites. Although the
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CERCLA action is required to be protective of groundwater in accordance with the RAOs
(Chapter 3.0), contaminated groundwater beneath 200-PW-2 and 200-PW-4 QU waste sites has
been and continucs to be addressed under the following groundwater OUs: 200-PO-1 (A Plant
sites), 200-BP-5 (B and C Plant sites), 200-UP-1 (S Plant sitcs), and 200-ZP-1 (T Plant sites)
(DOE/RL-2004-25).

1.3 CERCLA AND RCRA INTEGRATION

The Tri-Party Agreement directs cleanup programs for co-located RCRA and CERCLA sites to
integrate the requirements of RCRA and CERCLA regulations so that cleanup activities are
performed in a consistent manner and meet all applicable regulatory requirements. Details of
this integration are provided in Article IV and Section 5.5 of the Tri-Party Agreement.
Additionally, the Implementation Plan (DOE/RL-98-28) provides a discussion of
RCRA/CERCLA integration for the Central Platcau. This FS implements the RCRA/CERCLA
integration process presented in the Implementation Plan and the Tri-Party Agreement.

Closure activities for the four RCRA TSD units located within the 200-PW-2 and

200-PW-4 OUs (216-A-10 Crib, 216-A-36B Crib, 207-A South Retention Basin, and the
216-A-37-1 Crib) are discussed in Chapter 8.0, Scction 8.2 and closure plans are provided in
Appendix E of this FS. Upon closure plan approval, Ecology will scparately issue a draft permit
modification for incorporation of these TSD units into the HF RCRA Permit. The modification
could consist of adding to the HF RCRA Permit unit-specific chapter(s) in Part V, Unit Specific
Conditions for Units Undergoing Closure, and attachment(s). The Part V chapter identifics all
permit requirements for cach TSD unit consistent with the CERCLA ROD. The attachment
consists of the enforceable sections from applicable CERCLA documents or other supporting
documents corresponding to specific RCRA TSD closure plan requirements. The Part V permit
conditions and attachment(s) become an enforceable part of the HF RCRA Permit. Changes to
the chapters and attachments are subject to the HF RCRA Permit modification process.

1.4  FEASIBILITY STUDY REPORT
ORGANIZATION

The essential elements of the FS process are presented in Chapters 1.0 through 8.0 and
Appendices A though G and are summarized as follows. The detailed cost analysis that supports
Chapters 6.0, 7.0, and 8.0 will be released as a separate document.

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

 Chapter 2.0 presents descriptions of the physical setting and natural resources; provides
an overview of existing waste site information including characterization data and site
conceptual models for representative waste sites; establishes the logic for grouping
analogous waste sites and applying the analogous waste site approach; and summarizes
risk evaluations.
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Chapter 3.0 discusses land-use assumptions and develops the overall cleanup objectives
and media-specific preliminary remediation goals (PRG) for the waste sites.

Chapter 4.0 refines the technologies identified for these OUs and waste sites in the
Implementation Plan (DOE/RL-98-28) by evaluating new information on existing
technologies or promising and rclevant emerging technologies.

Chapter 5.0 describes the remedial altemative development process, initially conducted
as part of the Implementation Plan (DOE/RL-98-28) development, and uses that
information in concert with sitc-specific data from the RI to refine the remedial
alternatives to be carried forward for detailed and comparative analyses.

Chapter 6.0 presents a detailed analysis of cach of the remedial alternatives against the
standard CERCLA evaluation criteria and DOE policy.

Chapter 7.0 presents the comparative analysis of the remedial alternatives and identifics
relative advantages and disadvantages, based on the CERCLA evaluation criteria. The
results of this analysis provide a basts for sclecting a remedial altemative for each
rcpresentative waste site and its analogous waste sites.

Chapter 8.0 summarizes the conclusions of the FS. This chapter also presents the
preferred altematives and path forward for remediation of the 200-PW-2 and
200-PW-4 OU waste sites and for closure of the 200-PW-2 and 200-PW-4 QU TSD

units.

Chapter 9.0 contains references for the main text of the report; each appendix contains its
own rcference section.

Appendix A presents the results of the 216-S-7 Crib RIL
Appendix B includes current photographs of the waste sites.

Appendix C presents an analysis of regulatory requirements and available guidance with
respect to the 200-PW-2 and 200-PW-4 OUs.

Appendix D presents the human health and ccological risk evaluations, including the
methodology, results, and uncertainties. This appendix also includes further risk
evaluations pertaining to ambient air risk screening (Attachment A) and inadvertent
intruder scenario (Attachment B).

Appendix E presents rationale for removing contaminants of potential concern (COPC)
from consideration as contaminants of concern (COC).

Appendix F presents cost estimate backup information.

Appendix G provides an evaluation of potential human-health and radiological risk at
shallow analogous waste sitces.
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Figure 1-1. The Hanford Sitc and the General Location of 200-PW-2 and 200-PW-4 Operable

Unit Waste Sites.
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Table 1-1. 200-PW-2 and 200-PW-4 Opcrable Unit Waste Sites within the Feasibility
Study Scope. (2 Pages)

Operable Unit Site Code Site Type Category
200-PW-2 216-A-36A Crib RPP
200-PW.2 216-A-36B Crib TSD
200-PW-2 216-B-12 Crib RPP
200-PW-2 216-B-60 Crib RPP
200-PW-2 216-C-1 Crib RPP
200-PW.2 216-S-1&:2 Crib RPP
200-PW.2 216-S-7 Crib RPP
200-PW-2 216-S-8 Trench RPP
200-PW-2 270-E-1 Neutralization tank RPP
200-PW-2 UPR-200-E-17 Unplanned release RPP
200-PW-2 UPR-200-E-39 Unplanned relecase RPP
200-PW-2 UPR-200-E-64 Unplanned release RPP
200-PW-2 UPR-200-W-36 Unplanned release RPP
200-PW-4 207-A SOUTH Retention basin TSD
200-PW-4 209-E-WS-3 Valve pit and hold-up tank RPP
200-PW4 216-A-34 Ditch RPP
200-PW-4 216-A-37-1 Crib TSD
200-PW-4 216-A-45 Crib RPP
200-PW-4 216-C-3 Crib RPP
200-PW-4 216-C-5 Crib RPP
200-PW-4 216-C-7 Crib RPP
200-PW4 216-C-10 Crib RPP
200-PW-4 216-S-4 French drain RPP
200-PW4 216-8-22 Crib RPP
200-PW-4 216-8-23 Crib RPP
200-PW-4 216-T-20 Trench RPP
200-PW-4 UPR-200-E-145 Unplanned relcase RPP

Sources: DOE/RL-98-28, 200 Arcas Remedial Investigation/Feasibility Study Implementation Plan — Environmental
Restoration Program; DOE/RL-2000-60, Uranium-Rich/General Process Condensate and Process Waste Group Operable
Units RI/FS Work Plan and RCRA TSD Unit Sampling Plan; Includes: 200-PW-2 and 200-PW-4 Operable Units, and
DOE/RL-2004-25, Remedial Investigation Report for the 200-PW-2 Uranium-Rich Process Waste Group and the
200-PW-4 General Process Condensate Group Operable Units.

RCRA = Resource Conservation and Recovery Act of 1976.
RPP = RCRA past-practicc (unit).
TSD = treatment, storage, and/or disposal (unit).
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Table 1-2. Former 200-PW-2 and 200-PW-4 Opcrable Unit Waste Sites Reassigned to the
200-UW-1 Operable Unit.

Operable Unit Site Code Site Type Category
200-PW-2 200-W-42 Radioactive process sewer RPP
200-PW-2 216-U-1&2 Crib RPP
200-PW-2 216-U-5 Trench RPP
200-PW-2 216-U-6 Trench RPP
200-PW.2 216-U-8 Crib RPP
200-PW-2 216-U-12 Crib TSD
200-PW-2 241-U-3061 Settling tank RPP
200-PW.2 UPR-200-W-19 Unplanned release RPP
200-PW-2 UPR-200-W-163 Unplanned release RPP
200-PW-2 270-W Neutralization tank RPP
200-PW-4 216-U-16 Crib RPP
200-PW-4 216-U-17 Crib RPP

Sources: DOL/RL-98-28, 200 Areas Remcdial Investigation/Feasibility Study Implementation Plan — Environmental
Restoration Program; DOE/RL-2000-60, Uranium-Rich/General Process Condensate and Process Waste Group Operable
Units RUFS Work Plan and RCRA TSD Unit Sampling Plan; Includes: 200-PIV-2 and 200-P-4 Operable Units, and
DOE/RL-2004-25, Remedial Investigation Report for the 200-PW-2 Uranium-Rich Process Waste Group and the
200-PW-4 General Process Condensate Group Operable Units.

RCRA = Resource Conservation and Recovery Act of 1976.
RPP = RCRA past-practice (unit).
TSD = ftrcatment, storage, and/or disposal (unit).
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2.0 BACKGROUND INFORMATION

This chapter provides background information for the 200-PW-2 Uranium-Rich Process Waste
Group OU and the 200-PW-4 General Condensate Waste Group OU. The information includes
OU background and history; physical sctting; natural resources; representative waste site
description, characterization, and contamination; evaluation of analogous waste sites; and risk
assessment summary, including an evaluation of ecological significance.

2.1  OPERABLE UNITS BACKGROUND AND
HISTORY

This section describes the background and history of the waste-gencrating processes and
facilitics contributing waste to the 200-PW-2 and 200-PW-4 OU wastc sites (Table 1-1).

2.1.1 Buildings and Ancillary Facilities

The Hanford Site, established in 1943, was constructed and operated to produce plutonium for
nuclcar weapons using production reactors and chemical reprocessing plants. In March 1943,
construction began on three reactor facilities (B, D, and F Reactors) in the 100 Area and on three
chemical processing facilities (B, T, and U Plants) in the 200 East and 200 West Areas.
Operations in the 200 East and 200 West Areas mainly were related to separation of special
nuclear matcrials from spent nuclear fuel (i.c., fucl withdrawn from a nuclear reactor following
irradiation). Operations at the following main 200 Arcas processing facilities (Figurc 1-6)
produced process distillate, drainages, and various condensates that were sent to 200-PW-2 and
200-PW-4 OU waste sites for disposal.

T Plant. Construction of the 221-T (Canyon) Building (T Plant) was completed in 1944, From
1945 to 1956, T Plant operations consisted of inorganic chemical separation of weapons-grade
plutonium from irradiated uranium fue! rods using the bismuth phosphate/lanthanum fluoride
process. The bismuth/phosphate process was an inorganic, step-wise precipitation process for
scparating plutonium from uranium and fission products from dissolved fuel rod solutions that
was conducted in the 221-T Canyon Building. The process used sodium hydroxide to remove
aluminum cladding and concentrated nitric acid to dissolve the fuel rods. Bismuth phosphate,
bismuth oxynitrate, hydrogen peroxide, sodium dichromate, ferrous hydroxide, ferrous
ammonium sulfates, and phosphoric, sulfuric, and nitric acids were chemicals used in the process
to create a dilute plutonium solution. The lanthanum/fluoride process, also performed in the
221-T Canyon Building, further purified the dilute plutonium solution and used sodium
metabismuthate, phosphoric, oxalic, nitric, and hydrofluoric acids, and lanthanum salt to create a
concentrated solution. The solution was sent to the 231-Z Plutonium Isolation Plant, where
further purification treatments and evaporation converted the solution into a final product of
plutonium nitrate paste.

B Plant. Construction of the 221-B Canyon Building (B Plant) was complcted in 1945 and was
similar to T Plant. The B Plant opcrated from 1945 to 1952, also using the bismuth
phosphate/lanthanum fluoride process to separate plutonium from irradiated fuel rods. From
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1952 to 1963, the B Plant was uscd for various wastc treatment operations. In 1963, B Plant
began operations to recover cesium, strontium, and rarc earth metals from Plutonium-Uranium
Extraction (PUREX) Plant and Reduction-Oxidation (REDOX) Plant high-level double-shell
tank (DST) waste using an acid oxalate precipitation process. Solvent extraction using a
variation of the tributyl phosphate (TBP) process ion-exchange columns also was uscd to recover
cesium and technetium isotopes. In 1968, the Waste Encapsulation and Storage Facility (WESF)
was constructed at the west end of the B Plant and designated the 225-B Facility. WESF
contained a thermal evaporation concentrator to concentrate low-level radioactive waste,
including DST waste and low-level waste from miscellaneous sumps and drains in the 40 WESF
process cells of the 221-B Canyon Building. The concentrator also processed waste produced by
the cleanout of process vesscels at the 221-B Building and WESF through 1986.

S Plant. The 202-S Canyon Building (S Plant) was constructed in 1956 and operated until 1967
using thc REDOX solvent extraction separations process to scparate plutonium from decladded,
dissolved fucl rods and to recover unspent uranium. Methyl isobutyl ketone (hexone) was used
in the scparations process. Hexone and aluminum nitrate nonahydrate in nitric acid in
ion-exchange columns were used to extract uranium and plutonium from the dissolved fuel rod
solution, to scparate plutonium from uranium, and to refinc resultant uranium and plutonium
solutions. The dissolved fuel rod solution was concentrated and sent to the S/SX Tank Farms for
storage. REDOX cladding waste and high-leve!l waste sent to the 241-S-101 and

241-8-104 Tanks was ofien sclf-boiling, and from 1953 to 1956, vapors were collected and
routed through condensers. REDOX (202-S Canyon Building) mainly contained aqucous and
organic solvent extraction waste from scveral REDOX process sources that were slightly acidic
and contained fission products including Cs-137, Ru-106, Sr-90, Pu-239, and uranium. The
REDOX process waste stream also consisted of large volumes of aluminum nitrate, zirconium
oxide, sodium fluoride, sodium nitrate, and potassium fluoride. Other waste associated with the
REDOX process included chromate, sodium sulfate, and ferric hydroxide compounds. The
presence of additional radionuclides including tritium and Co-G0 were reported in REDOX waste
strcams. Process drainage; process distillate drainage; and miscellancous offgas condensate
waste strcams from the silver reactor, air sparger, ruthenium tetraoxide scrubber, nitric acid
recovery, radioioding offgzas ireatment, waste treatment condenscrs, solvent recovery, and

240 and 241 Vault (waste treatment/storage) (DOE/RL-91-60, S Plant Source Aggregate Arca
Management Study Report) were sent to the cribs and trenches. In 1967, the 293-S Building
(Offgas Treatment and Recovery Facility) was constructed for backup filtration for radioactive
iodine removal in combination with recovery of nitric acid vapors using a caustic scrubber
system from dissolved fucl rod solutions. The facility was deactivated in 1969.

A Plant. The 202-A Canyon Building (A Plant) was constructed in 1955 and operated from
1955 to 1972 and again from 1983 to 1990 scparating plutonium from irradiated fuel rods using
the PUREX process. The PUREX process used TBP in ion-exchange columns. The PUREX
Plant also was used to reprocess uranium fuel, which yielded uranium, neptunium, and
plutonium oxides. Waste strcams generated at the PUREX Plant or in the supporting 202-A,
203-A, 206-A, 293-A, 294-A, and 295-A Buildings mainly were aqueous and organic solvent
extraction wastc from PUREX process sources, including process drainage; process distillate
drainage; miscellancous offgas condensates from the acid absorbers, ammonia scrubber, nitric
acid fractionalization, waste treatment condensers, solvent recoveries, and nitric acid storage;
and waste trcatment/storage waste strcams (DOE/RL-92-04, PUREX Plant Source Aggregate
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Area Management Study Report). The ammonia scrubber distillate (ASD) waste contained
Am-241, Co-60, Pu-239, Sr-90, tritium, Sn-113, 1-129, Cs-137, Pm-147, and U-238. Hazardous
chemicals uscd in A Plant operations include sodium nitrate used to regenerate ion-exchange
columns, sodium hydroxide used for decontamination applications, and the antifoam agent used
in the evaporator vessel. Chemical contaminants included ammonium fluoride, ammonium
nitrate, and sodium dichromatc. PUREX wastc gencrally was routed to the A Tank Farms
including the 241-AW-102 Tank, which fed the 242-A Evaporator.

C Plant. The 201-C Process Building (C Plant, Hot Semiworks Plant) was constructed in 1944
as a pilot plant for tests of the REDOX proccess before startup of the S Plant. The Hot
Semiworks Plant and ancillary facilities generated REDOX waste and, after 1954, PUREX waste
that was high-salt waste, process condensates, and material described as “cold-run” waste from
the REDOX and PUREX processes. The C Plant waste gencrated during the REDOX proccess
included coating waste from decladding of aluminum-clad fuel rods in a boiling sodium
nitrate/sodium hydroxidc solution. The process produced a waste stream consisting primarily of
uranium, plutonium, sodium hydroxide, sodium aluminate, sodium nitrate and nitrite, and
sodium silicate. The waste solution was transferred to a tank separate from the high-level waste.
Later during the REDOX processes, Zircaloy-clad fucls were used and were declad using an
ammonium nitratc-ammonium fluoride mixturc. The coating wastc from the aluminum and
Zircaloy-clad fuels was neutralized with caustic soda. Strontium, cerium, cesium, and promethium
rccovery experimental runs also were conducted in the 201-C Building. The Critical Mass
Laboratory (209-E Building) conducted criticality experiments with plutonium nitrate and
enriched uranium solutions from 1960 to 1983. The 209-E Critical Mass Laboratory generated
mostly acidic radioactive liquid waste containing mainly Cs-137, Ru-106, Sr-90, plutonium,
uranium, and some nitrates (DOE/RL-92-18, Semiworks Plant Source Aggregate Area
Management Study Report). No high-level waste was identified in available literature as having
been generated at the 209-E Critical Mass Laboratory. Criticality research also was conducted
with solid nuclear materials and fucls, such as plutonium blocks, uranium blocks and slabs, and
fuel asscmblies from the Fast Flux Test Facility and other reactors (DOE/RL-92-04).

U Plant. The 221-U Canyon Building (U Plant) was constructed in 1944 with a design similar to
that of the T and B Plants to use a bismuth phosphate scparation process to extract plutonium
from fuel rods. Until 1951, the U Plant was used as a training facility for the T and B Plants
bismuth/phosphate process operators using only water and gencrating no waste strcams. From
1952 until 1958, the Uranium Recovery Project used the TBP process to recover uranium for
rcusc in the reactors from bismuth/phosphate process waste stored in the single-shell tanks.
From 1958 to 1972, the U Plant converted uranyl nitrate hexahydrate (UNH) to uranium trioxide
(UQ3) in the 224-U Building. The UQO; was converted offsite to uranium metal for reuse as
reactor fuel. The Uranium Recovery Project and UO; waste generated in the 221-U, 224-UA,
and 224-U Buildings included aqueous and organic solvent extraction waste. This waste also
included process drainage, process distillate drainage, and miscellaneous offgas condensates
from the 291-U-1 Stack, waste treatment condensers, nitric acid and solvent recovery, the

241 and 244 Vaults (waste treatment/storage), and 224-U storm drainage waste strcams.

242-A Evaporator. The 242-A Evaporator was constructed in 1977 and currently is operating
as the primary waste concentrator for Hanford Site mixed waste stored and treated in the DST
system. PUREX waste types from the A Tank Farms that were routed to the 241-AW-102 Tank
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fed the 242-A Evaporator. The feed consisted of unprocessed and processed waste from various
sources including PUREX (decladding, ammonia scrubber, 204-AR Tank Car, etc.), B Plant
(complexed or Sr-90/Cs-137 recovery waste and aging waste), DST farms (recycled slurry and
salt-well pumping waste), and misccllancous waste (Plutonium Finishing Plant, laboratory,
100-N Area phosphate and sulfate waste). The 242-A Evaporator potentially could have
received 300 and 400 Area laboratory waste, 100-N Area, and Plutonium Finishing Plant waste.
Evaporation treatment of the waste removes water and most volatile organics. Two waste
strcams leave the 242-A Evaporator following the trcatment process. The first wastc strcam
consists of concentrated slurry that is pumped back into the DST System (AN, AW, and/or

AP Tank Farms). The second waste stream is process condensate that until 1989 was routed
through condensate filters for treatment, storage, and sampling at the 207-A South Retention
Basin before release to the 216-A-37-1 Crib for disposal. The 242-A Evaporator also relcased
large quantities of steam condensate that initially was not contaminated but that over time,
because of heating/cooling coil failures and operational errors, resulted in individual relcasc
events, making cribs the preferred waste-disposal sites for steam condensate streams.

2.1.2 Opecrable Unit Descriptions

DOE/RL-96-81, Waste Site Groupings for 200 Area Soil Investigations, describes the grouping
of 200 Arcas waste sites based on process. The consolidated 200-PW-2 and 200-PW-4 OUs
include the waste sites that managed or disposed of waste initially categorized by the
Implementation Plan (DOE/RL-98-28) and DOE/RL-96-81 as process condensate, proccss
waste, or both. The 200-PW-2 and 200-PW-4 OUs were consolidated into onc FS because these
OUs received waste strecams from similar processes having similar quantitics of key
contaminants and as a result, the contaminant distribution beneath these waste sites is expected
to be similar. Because of the relatively small quantitics of radionuclides, thesc wastc streams
typically were disposed to underground sites such as cribs and trenches.

The waste sites in the 200-PW-2 and 200-PW-4 OUs reccived liquid waste strcams from the
previously listed processing. The U Plant waste sites associated with this waste stream are being
addressed on a regional basis as part of the 200-UW-1 source OU. The following scctions
briefly identify the buildings and processcs discharging cffluent to the 200-PW-2 OU and
200-PW-4 OU waste sites. Additional information on the history of operations, primary
waste-generating processes, and liquid waste-disposal practices at the various processing arcas is
provided in the Work Plan (DOE/RL-2000-60, Section 2.2.1) and Appendix H of the
Implementation Plan (DOE/RL-98-28).

2.1.2.1 200-PW-2 Uranium-Rich Process Waste Group Operable Unit Description

The 200-PW-2 OU consists of 24 waste sites (i.e., primarily cribs and trenches but also includes
neutralization tanks, UPRs, and a french drain) located in the 200 East and 200 West Areas
(Table 1-1). Those waste sites primarily received process condensate waste generated during the
dissolution of fuel rods containing large quantities of uranium (U-238) and some fission products
occurring at the 221/224 Uranium Recovery Process project (U Plant), the 224 U/UQ; Program
for PUREX (A Plant), REDOX (S Plant) process facilities, and the Hot Semiworks Plant

(C Plant). The 200-PW-2 OU waste sites also received uranium-rich solutions from the S Plant
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and A Plant cold-startup phase before operation began. Other contaminants associated with the
uranium-rich process condensates are present in limited quantities. The primary chemical
scparation processes werc similar in that organic compounds (e.g., hexone or TBP) were used to
separate plutonium and/or uranium from the process solutions in solvent extraction columns.
Plutonium is common in process waste cribs. Larger quantities of fission products (cesium and
strontium) arc found in process condensate waste sites but in limited quantity in process waste
sites. The sites in this group also could have received high salt or acidic waste. Nitrate was
reported for many streams, except that several process condensate cribs contained small
quantities. Nitric acid was reported for several of the more highly contaminated process
condensate streams. Sodium-rich compounds, ammonium carbonate, and ammonium nitrates
also are reported.

A significant number of the waste sites in this group received potentially acidic liquid waste.
Acidic characteristics arc known to facilitate uranium mobilization in the soil column,
facilitating groundwater impact at several sites. Many waste sites received enough process
condensate to have washed the moderately mobile contaminants to groundwater. However, at
scveral cribs (¢.g., 216-S-1&2), contaminant migration might be attributable partially to flow
along a crib monitoring well where casing failure provided waste stream access to the inside of
the well and resulted in groundwater contamination. Groundwater contamination beneath a crib
frequently was uscd as a reason for ceasing discharges to that site.

This OU includes two RCRA TSD unit waste sites, the 216-A-10 and the 216-A-36B Cribs, that
have Tri-Party Agreement-required closure plans (Chapter 8.0) scheduled in the year 2006
(M-20-33).

S Plant 200-PW-2 Operable Unit Waste Sites. The S Plant liquid waste generated by offgas
treatment systems during the REDOX process included 291-S Stack drainage stored in ccll
drainage recciver tank (D-1) and the process condensate receiver tank (D-2) containing
significant quantitics of uranium that was routed to the 216-S-1&2 Cribs and the 216-S-7 Crib.
The 216-S-8 Trench received similar waste from earlier startup and cold runs using nonirradiated
fuel. Condensate or condensed offgases from the waste concentrator and condensate from the
uranium and plutonium concentrators contained very low levels of radioactive wastcs,

Thesc streams were combined and routed through a condensate stripper to remove residual
methylisobutyl ketone, which was returned to the solvent recovery process. The aqueous
product stream was evaporated to the extent possible, sampled, and disposed of in the
216-S-1&2 Cribs and the 216-S-7 Crib if it met acceptable limits.

The 200-W-22 site is an underground radioactive material area. This site is the arca where
aboveground portions of the S Plant UNH processing facilities were removed in 1983. This left
buried concrete and metal materials from the 203-S Basin, 204-S Basin, 205-S Vault,

205-S Building base pad, the REDOX-to-the-tank-farm concrete pipe trench, and the REDOX
chemical sewer system. UPR-200-W-36 is an unplanned releasc identified in 1955 to a ruptured
test well 299-W22-3 casing in the 216-S-1&2 Cribs.

A Plant 200-PW-2 Operable Unit Waste Sites. The A Plant generated ASD waste that was
collected in the ammonia catch tank and boiled, and the resulting condensate was sent to the
216-A-36A and 216-A-36B Cribs. Decladding operations generated ammonia gas as a
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byproduct, which was mixed with water to form ammonium hydroxide. This waste, which
included ammonium fluoride and ammonium nitrate, subsequently was sent to the

216-A-36B Crib for disposal. From 1955 to 1983, low-lcvel liquid condensate waste from
various process condensers and filters was routed to the 200-E-58 Neutralization Tank and from
there disposed to the 216-A-10, 216-A-5, 216-A-3, and 216-A-28 Cribs and the 216-A-22 French
Drain. The 216-A-45 Crib operated from 1987 to 1991, disposing of process condensate from
202-A Canyon Building that was acidic and contained uranium and nitrate that previously had
been disposed to the 216-A-10 Crib. The 216-A-1 Crib and the 216-A-18, 216-A-19, and
216-A-20 Trenches received the same waste from earlier cold-run startup using nonirradiated
uranium fuel that provided the greatest quantitics of uranium. The UPR-200-E-17 site was a
spill to the surface of the 216-A-22 French Drain sometime between 1955 and 1959 of an
unknown volume of UNH.

UPR-200-E-145, initiated in 1993, is the site of a past-practice relcase of waste from a buried,
vitrified clay pipeline that until 1957 carried waste from the 216-A-8 Proportional Sample Pit 2
to the 216-A-34 Ditch.

C Plant 200-PW-2 Operable Unit Waste Sites. REDOX process waste was scnt to C Plant for
testing or processing, and the resulting C Plant liquid waste was sent to scveral waste sites,
including the 216-C-1 Crib and the 216-C-3 Crib (a 200-PW-4 OU waste site), which received
acidic radioactive waste between 1953 and 1957 (DOE/RL-92-18). Process condensate waste
from the 201-C Process Building (EHlot Semiworks Plant) and unspecified waste from the
201-C Process Building hot-shop sink (DOE/RL-92-18) was sent to scveral waste sites and the
241-CX-71 Neutralization Tank. This tank reccived acidic waste from the 201-C Building
before waste was discharged to the 216-C-1, 216-C-3, and the 216-C-5 Cribs. The

216-C-10 Crib operated from 1964 to 1969 and reccived process condensate and acidic liquid
waste from the 201-C Building containing strontium, cerium, ccsium, and promethium from
strontium and rare-carth metal recovery experiments.

The 209-E-WS-3 site is the 209-E Critical Mass Laboratory Valve Pit and Hold-Up
Tank (209-E-TK-111) that in 1960 began storing condensate from the 209-E Facility before it
was released to the 216-C-7 Crib.

B Plant 200-PW-2 Operable Unit Waste Sites. WESF ccll drainage from water washdowns in
1967 of the 40 WESF process cells was collected in the liquid collection system that drained to
the 216-B-60 Crib, which is now inaccessible since being covered over by the addition of WESF
at B Plant. From 1967 to 1973, process condensate from the thermal evaporation concentrator in
Cecll 23 went to the 216-B-12 Crib and, starting in 1973, went to the 216-B-62 Crib (not a
200-PW-2 or 200-PW-4 QU waste site). The 270-E-1 Neutralization Tank opcrated from 1952
10 1957 as part of the 270-E Neutralization Facility to neutralize acidic process condensate from
the 221-B and 224-B facilities that had been discharged to the 216-B-12 Crib. U Plant/UQ,
operations also provided waste to the 216-B-12 Crib. UPR-200-E-64 is a near-surface soil
contamination (speck contamination) originating from insect and wind transport of surface
contamination from a “swab riser” for underground pipeline in the vicinity of, but not necessarily
associated with, the 270-E-1 Neutralization Tank. UPR-200-E-39 is the sitc of a one-time
relcasc in February 1968 of PUREX ASD waste containing uranium and fission products from
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the vent filter at the 216-A-36B Crib Sampler Shack. The volume is unknown but expected to be
limited.

2.1.2.2 200-PW-4 General Process Condensate Group Operable Unit Description

The 200-PW-4 OU consists of 14 waste sites (i.e., primarily cribs, but also including a retention
basin, a trench, an unplanned release, a valve pit, and a french drain) located in the 200 East and
200 West Areas (Table 1-1). The 200-PW-4 QU general process condensate group served as the
catch-all for sites with small inventorics and includes sites that received or transferred general
process drainage, process distillate discharge, and miscellancous condensate waste with lower
concentrations of chemical and radiological constitucnts than the minimum values used for
incluston of sites into other groups. The 200-PW-4 OU waste consists of gencral process
drainage, process distillate discharge, and miscellancous condensates containing low inventorics
of radionuclides and low-salt, neutral/basic liquids discharged by many 200 Arcas processing
facilities. Sites in this group are expected to have received only low levels of radiological
contaminants (i.c., cesium, plutonium, strontium, technetium, plutonium, and uranium) and
organics. Inorganic content is not reported, with the exception of several strcams receiving low
levels of nitrates. Although having levels relatively low in contaminant concentrations, liquid
volumes discharged to scveral cribs are significant (e.g., the 216-A-37-1 Crib, which reccived
more than 300,000,000 L of wastcwater).

The process condensates were vapors collected from thermally hot process steps, condensed, and
subsequently discharged to the ground. Contaminants were carried along as minor constitucnts
in the vapor phasc and condensed with the water vapor before release. The condensate
originated from large volumes of stecam required to heat or boil process solutions for effective
chemical reactions at REDOX, PUREX, U Plant, T Plant, and C Plant and several other
contributing tank farm-related facilitics, such as the 242-A Evaporator and the S and A Tank
Farms. This QU also includes two RCRA TSD units.

C Plant 200-PW-4 Operable Unit Waste Sites. The 216-C-3 Crib and the 216-C-5 Crib
contain the highest inventories of uranium, the primary contaminant. Cribs in this group
generally received either high-salt or acidic waste. The 216-C-3 Crib received a large volume of
acidic wastc with small amounts of fission products. The 216-C-5 Crib received high-salt wastc
from cold runs in the 201-C Building.

Between 1953 and 1954, the same REDOX radioactive and acidic waste that went to the
216-C-1 Crib (200-PW-2 QU) also went to the 216-C-3 Crib and the 216-S-23 Crib. The same
PUREX neutral-to-basic pH process condensate and cold oven waste that went to the

216-C-1 Crib also went to the 216-C-5 Crib. The 241-CX-71 Neutralization Tank waste was
discharged to the 216-C-1 Crib and the 216-C-5 Crib. The 209-E Critical Mass Laboratory
process waste was routed to the 209-E-WS-3 Valve Pit and Hold-Up Tank, where waste was
sampled and ultimately routed to the 216-C-7 Crib.

S Plant 200-PW-4 Operable Unit Waste Sites. From 1953 to 1956, vapors from self-boiling
REDOX cladding waste and high-level waste in the 241-S-101 and 241-5-104 Tanks were
collected and disposed to the 216-S-4 French Drain, which was reported to contain more fission
products because the REDOX process condensate came from the cascade tanks in the S Tank
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Farms. The 216-S-4 French Drain and the 216-S-23 Crib might have reccived significant
amounts of short-lived beta-emitting fission products, but there is no record of any residual
amounts. Process condensates from the 293-S Process Plant Building radioactive-iodine caustic
scrubber-system operation were routed to the 216-S-22 Crib.

A Plant 200-PW-4 Operable Unit Waste Sites. The same PUREX process waste that went to
the 200-PW-2 QU A-waste sites (216-A-3, 216-A-5, 216-A-10, and 216-A-28 Cnbs and the
216-A-22 French Drain) also went to the 216-A-45 Crib. The 216-A-34 Ditch also received

A Tank Farm condensate waste from the 241-A-431 Tank Farm Ventilation Building.

The 207-A South Retention Basin was uscd for interim storage of the 242-A Evaporator steam
condensate for sampling. Effluent was discharged to the 216-A-37-1 Crib if the analytical
results were within applicable regulatory limits. The 207-A South Retention Basin and the
216-A-37-1 Crib arc RCRA TSD units.

The 216-T-20 Trench received radioactively contaminated nitric acid from the

241-TX-155 Diversion Box Catch Tank at the T Plant in 1952. The catch tank was used to
transfer plant process waste 10 various tank farm facilitics, cribs, and trenches via underground
transfer linces.

2.1.3 RCRA Treatment, Storage, and Disposal Units

This section identifics the four 200-PW-2/200-PW-4 OU RCRA TSD units and bricfly discusscs
aspects pertinent to designation and operation of these waste sites as RCRA TSD units. More
detail of these sites is presented in Section 2.4. Thesc units arc not actively receiving waste and
will be closed under interim status. Closurc of these units is discussed in Chapter 8.0.

2.1.3.1 200-PW-2 Operable Unit Treatment, Storage, and Disposal Units
The 200-PW-2 OU includes the 216-A-10 Crib and 216-A-36B Crib RCRA TSD units.

The 216-A-10 Crib reccived process condensate from the PUREX Canyon Building. The crib
was a pereolation unit used to disposc of liquid waste to the soil column. The crib last received
waste in March 1987. The 216-A-10 Crib was designated a RCRA TSD unit because of the
corrosive characteristic of the waste stream it received. Liquid waste included an acidic waste
strecam (D002) from the process distillate discharge from the PUREX Plant and corrosive waste
(D002) process distillate. The design capacity for the 216-A-10 Crib was 272,500 L (72,000 gal)
per day. This unit ceased operations on March 31, 1987, A Part A, Form 3 (Rev. 0), for this unit
was submitted to Ecology in 1987 (DOE/RL-88-21, Hanford Facility Dangerous Waste Part A
Permit Application) as a protective filing.

The 216-A-36B Crib is an extension of the original 216-A-36 Crib, which operated in 1965 to
disposc of PUREX ASD from the 202-A Canyon Building to the soil column. The 216-A-36
Crib was extended in 1966, and the original portion was bypassed after 6 months of operation
because of the rapid buildup of fission products within the first 30 m (100 ft) of the crib. The old
and the new portions were designated the 216-A-36A and 216-A-36B Cribs, respectively. The
216-A-36 Crib was isolated by a vertical grout barrier between the highly contaminated “A” crib
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segment and less contaminated “B” crib scgment. A smaller diameter pipeline was inscrted
inside the original 216-A-36A pipeline, effectively moving the discharge point 3.65 m (12 ft)
south of the grout barrier and bypassing the ‘A’ scgment. The 216-A-36B Crib scction
continued to reccive ASD during decladding operations. The ASD waste was a statc-only toxic
dangerous waste (WT02), based on ammonia in the waste stream (RHO-CD-673, Handbook
200 Areas Waste Sites). The receipt of this wastc resulted in the crib’s designation as a RCRA
TSD unit and submittal of the original RCRA Part A, Form 3 (Rev. 0), to Ecology
(DOE/RL-88-21) in the fall of 1987. The 216-A-36A and 216-A-36B Cribs arc considered to be
onc waste management unit. A RCRA interim status groundwater-indicator parameter
cvaluation program has been in operation at the crib since May 1988.

2.1.3.2 200-PW-4 Operable Unit Treatment, Storage, and Disposal Units

The 207-A South Retention Basin and the 216-A-37-1 Crib are the two 200-PW-4 OU RCRA
TSD units.

The 207-A South Retention Basin was uscd for interim storage of 242-A Evaporator condensate
and began storage operations in 1977. The basin consists of three separate concrete open cells.
The original RCRA Part A permit application (Part A), Form 3 (Rev. 0), was submitted to
Ecology in 1987 (DOE/RL-88-21). The 242-A Evaporator process condensate was designated as
dangerous waste, because the waste was derived from a waste containing spent halogenated and
nonhalogenated solvents (waste codes FO01, F002, FO03, FO04, and F005), and for the toxicity
of ammonia (WT02, statc-only, toxic, dangcrous waste). Afler sampling and analysis,

207-A South Retention Basin effluent was discharged to the 216-A-37-1 Crib for disposal to the
soil column.

The 216-A-37-1 Crib began operations in March 1977 and was uscd to percolate the

242-A Evaporator process condensate to the soil column. The original RCRA Part A, Form 3
(Rev. 0), was submitted to Ecology in 1987 (DOE/RL-88-21). Discharge of evaporator process
condensate to the crib was terminated on April 12, 1989, when it was determined that evaporator
process condensate contained or could have contained dangerous waste regulated under

WAC 173-303, “Dangerous Waste Regulations,” because of the presence of spent halogenated
and nonhalogenated solvents (FO01, F002, FO03, F004, and F005), and for the toxicity of

ammonia (WTO02, toxic, state-only).

2.2  PHYSICAL SETTING

The following sections briefly describe the meteorology, topography, and hydrogeologic
frameworks for the 200-PW-2 and 200-PW-4 OU waste sites. This discussion summarizes
information provided in the Work Plan (DOE/RL-2000-60) and the RI Report
(DOE/RL-2004-25).

2.2.1 DMleteorology

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

Most precipitation occurs during late autumn and winter, with more than half of the annual
amount occurring from November through February (PNNL-6415). Normal annual precipitation
is 17.7 cm (6.98 in.). Because this area typically receives less than 25.5 cm (10 in.) of
precipitation a year, the climate is considered to be semiarid (PNNL-6415).

The prevailing wind direction at the Hanford Monitoring Station is from the northwest during all
months of the year (PNNL-6415). Monthly average wind speeds are lowest during the winter
months and average about 3 m/s (6 to 7 mi/h). The highest average wind occurs during the
summer and is about 4 m/s (8 to 9 mi/h). The record wind gust was 35.7 m/s (80 mi/h) in 1972.

2.2.2 Topography

The Hanford Site is located in the Pasco Basin on the Columbia Plateau. The 200 West Area is
located on the 200 Arcas Central Plateau near the center of the Hanford Site. The 200 Arcas
Central Platcau is the common reference used to describe the Cold Creek Bar — a rclatively flat,
promincnt terrace that trends generally east to west with elevations between 198 and 230 m
(650 to 755 f1) above mean sca level. The Cold Creek Bar formed during the cataclysmic
flooding events of the Missoula floods, which ended approximately 13,000 years ago.

More details regarding stratigraphy, including stratigraphy diagrams and genceral location
information of representative waste sites, arc presented in the Work Plan (DOE/RL-2000-60).

2.2.3 Geology

The Hanford Site is underlain by basalt of the Columbia River Basalt Group and a sequence of
suprabasalt sediments. From oldest to youngest, major geologic units of interest are the Elephant
Mountain Basalt Member, the Ringold Formation, the Cold Creek unit (formerly
Plio-Pleistocenc unit, early “Palouse” soil, caliche layer, or pre-Missoula gravels), and the
Hanford formation. A generalized stratigraphic column for the 200 East and 200 West Areas is
shown in Figure 2-1. Figures 2-2 through 2-6 show the locations of the 200-PW-2 and
200-PW-4 OU representative waste site borcholes.

The Elephant Mountain Basalt Member is bedrock beneath the OUs and consists of a medium- to
fine-grained tholeitic basalt with abundant microphenocrysts of plagioclase (DOE/RW-0164-F,
Consultation Draft, Site Characterization Plan, Reference Repository Location, Hanford Site,
Washington). Basalt is overlain by the Ringold Formation over most of the 200 East Area and
all of the 200 West Arca. The Ringold Formation consists of an interstratified sequence of
unconsolidated clay, silt, sand, and granule to cobble gravel deposited by the ancestral Columbia
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River. The fluvial-lacustrine Ringold Formation is informally divided into scvera! units; these
are (from oldest to youngest) the fluvial gravel and sand of unit A, the buried soil horizons and
lake deposits of the lower mud scquence, the fluvial sand and gravel of unit E, and the lacustrine
mud of the upper Ringold unit.

The Cold Creek unit overlies the Ringold Formation in the 200 West Arca (DOE/RL-2002-39,
Standardized Stratigraphic Nomenclature Jor Post-Ringold Formation Sediments Within the
Central Pasco Basin). In the 200 East Area, near the B, BX, and BY Tank Farms, the Cold
Creck unit overlics basalt where the Ringold Formation is not present.

In the 200 East Area, the Cold Creek unit previously was interpreted to be the Hanford
formation/Plio-Pleistocene (HNF-5507, Subsurface Conditions Description of the

B-BX-BY Waste Management Area). The Hanford formation/Plio-Plcistocenc was interpreted to
be equivalent or partially equivalent to the Plio-Pleistocene unit in the 200 West Arca or o
represent the carliest ice age flood deposits overlain by a locally thick sequence of finc-grained
non-flood deposits (HNF-5507).

The Cold Creck unit is divided into five lithofacies (DOE/RL-2002-39). The five lithofacies
units arc differentiated based on grain size, sedimentary structure, sorting, fabric, and mincralogy
as follows:

Fine-grained, laminated to massive

Finc- to coarse-grained, calcium carbonate cemented
Coarsc-grained, multilithic

Coarse-grained, angular, basaltic

Coarse-graincd, round basaltic lithofacies.

Descriptions of the five lithofacies units, depositional environments, and association with
previous site nomenclature are shown in Table 2-1. More detailed descriptions of the lithofacies
units are presented in DOE/RL-2002-39.

The Hanford formation overlies the Cold Creck unit in the 200 Arcas. Where the Ringold
Formation and Cold Creck unit are not present in the 200 East Area, the Hanford formation
overlics basalt. The Hanford formation consists of unconsolidated gravel, sand, and silt
deposited by cataclysmic floodwaters. Thesc deposits consist of gravel-dominated and
sand-dominated facies. The gravel-dominated facies consist of cross-stratified, coarse-grained
sands and granule-to-boulder gravel. The gravel is uncemented and matrix poor. The sand
facics consists of well-stratified fine- to coarsc-grained sand and granule gravel. Silt content is
variable and could be interbedded with the sand. Where the silt content is low, an
open-framework texture is common. An upper and lower gravel unit and a middle sand facies
arc present in the study area.

The cataclysmic floodwaters that deposited sediments of the Hanford formation also locally
reshaped the topography of the Pasco Basin. The floodwaters deposited a thick sand and gravel
bar constituting the higher southern portion of the 200 Areas, informally known as the 200 Arcas
Plateau. In the waning stages of the ice age, these floodwaters also eroded a channel north of the
200 Arcas in the arca currcntly occupied by the 216-A-25 Gable Mountain Pond. These
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floodwaters removed all of the Ringold Formation from this arca and deposited Hanford
formation sediments directly over basait.

Holocene-aged deposits overlie the Hanford formation and arc dominated by ¢olian sheets of
sand, forming a thin vencer across the site except in localized areas where thesc arc absent.
Surficial deposits consist of very fine- to medium-grained sand to occasionally silty sand. Silty
deposits less than 1 m (3 1) thick also have been documented at waste sites where fine-grained
windblown material settled out through standing water over many years.

2.24 llydrostratigraphy

A detailed discussion of the hydrostratigraphy in the areas of the representative waste sites is
contained in the Work Plan (DOE/RL-ZOOO—GO). This section summarizes this information. The
vadose zone is the unsaturated region between the ground surface and the water tablc, Inthe
vicinity of the 200 Areas, the vadose zone thickness ranges from 62 m (206 ft) in the 200 West
Arcato 105 m (345 It} in the BC Controlled Arca south of the 200 East Arca fence.

Details of performance of the aquifer and recharge rates are contained in PNL-10285, Estimated
Recharge Rates at the Hanford Site, and in PN L-5506, Hanford Site Water Table Changes

1950 Through 1980 - Data Observation and Evaluation. Recharge to the unconfined aquifer in
the 200 Areas is from artificial and natural sources. Any natural recharge originates from

For arcas where the ground cover is assumed to remain undisturbed, a recharge rate of 3.5 mm/yr
Was assumed, which is within the range of values reported for shrub-steppe ground cover. For
the disturbed areas above the waste sites (i.e., stabi lization cover), a recharge ratc of 1.44 cm/yr
was assumcd.

Artificial recharge occurred when effluents such as cooling water and process wastewater were
disposed to the ground. PNL-5506 reports that between 1943 and 1980, 6.33 x 10" L

(1.67 x 10" gal) of liquid waste was discharged to the soil column. Most sources of artificial
recharge arc halted now. The continuing artificial recharge largely is limited to liquid discharges
from sanitary scwer system drain fields, two State-approved land disposal structures, and

140 small-volume uncontaminated miscellaneous streams. A statc-approved land disposal site is
located 366 m (1,200 ft) north of the 200 West Area exclusion fence and receives liquid waste
treated at the 200 Areas Effluent Treatment Facility in the 200 East Area (Waste Information
Data System, 600-211 » General Summary Repori).

The unconfined aquifer in the 200 Areas occurs in the Hanford formation, the Cold Creek unit,
and the Ringold Formation. Groundwater in the unconfined aquifer flows from areas where the
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water table is higher (west of the Hanford Site) to arcas where the water table is lower (Columbia
River) (PNNL-13788, Hanford Site Groundwater Monitoring for Fiscal Year 2001). In general,
groundwater flow through the 200 Areas Central Plateau occurs in a predominantly easterly
dircction, from the 200 West Area to the 200 East Arca.

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

200 East Arca of the 200-CW-5 and 200-CW-1 OUs, respectively. Discharges to the

216-U-10 Pond resulted in a groundwater mound developing in excess of 26 m (85 fi).
Discharges to the 216-B-3 Pond created a hydraulic barrier to groundwater flow coming from the
200 West Arca, deflecting it 1o the north through the gap between Gable Mountain and Gable
Butte, or south of the 216-B-3 Pond. As the hydraulic effects of these two artificial recharge
sites diminish, groundwater flow is expected to acquire a more easterly course through the

200 Arcas, with some flow possibly continuing through Gable Gap (BHI-00469, Hanford
Sitewide Groundwater Remediation Strategy — Groundwater Contaminant Predictions).

23 NATURAL RESOURCES

Natural resources in the study area vicinity include vegetation and wildlife resources. Biological
and ecological information aids in evaluating impacts 1o the environment from contaminants in
the soils, including potential effects of implementing remedial actions and identification of
scnsitive habitats and species. This scction also considers cultural and aesthetic resources and
socioeconomics associated with activities in the 200 Areas.

Survey data collected in 2000 and 2001 for the 200 Areas Central Plateau as part of the
Ecological Compliance Assessment Project were compiled to support Central Plateau ccological
evaluations (DOE/RL-2001-54, Central Platcau Ecological Evaluation). The information
includes plant community descriptions, identification of plant and wildlife speccies, and avian
census data. Designated levels of habitat under DOE/RL-96-32, Hanford Site Biological
Resources Management Plan, including rare plant populations, are identificd and mapped. The
data were collected before the “24 Command Fire” occurred in 2000, as shown in Scction 2.3.2.
The fire, however, did not impact any waste sites being considered in this FS.

2.3.1 Vegetation

Vegetation in the study area is characterized by native shrub-steppe, interspersed with large arcas
of disturbed ground dominated by annual grasses and forbs. In the native shrub-steppe, the
dominant shrub is big sagebrush (Artemisia tridentata). The understory is dominated by the
native perennial, Sandberg’s bluegrass (Poa sandbergii), and the introduced annual, cheatgrass
(Bromus tectorum). Other shrubs typically present include rabbitbrush (Chrysothamnus spp.),
spiny hopsage (Grayia spinosa), and antelope bitterbrush (Purshia tridentata). Other native
bunchgrasses present include Indian ricegrass (Oryzopsis hymenoides) and needle-and-thread
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 primrosc (Camissonia
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pygmaea), and daisy (Erigeron spp.). Dwarf evening primrose is a rare plant that was not
encountered in the study area.

Many waste disposal and storage sites in the 200 Arcas are backfilled with clean soil and planted
with crested or Siberian wheatgrass (Agropyron cristatum and Agropyron sibericum,
respectively) to stabilize surface soil, control soil moisture, or displace more invasive
deep-rooted species like Russian thistle (PNNL-6415). The area associated with the waste sites
addressed in this FS is highly disturbed. This disturbed habitat primarily is the result of
mechanical and operational disturbance. The outlying habitats also arc disturbed as a result of
range fires, clearing, and construction activities, Because of the disturbed nature and the Jow
quality of habitat providing little forage and cover, the sites generally are not capable of
supporting ecological populations.

2.3.2  Wildlife

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

200 Arcas make up a distinct group called the Central Population (PNNL-11472, Hanford Site
Environmental Report for Calendar Year | 996).

A large clk herd (Cervus canadensis) currently resides on the Fitzner-Eberhardt Arid Lands
Ecology Reserve. Elk, which are more dependent on open grasslands for forage, seek the cover
of sagebrush and other shrub species during the summer months. The Rattlesnake Hills herd of

Just south of them and have been sighted at the Whitc Bluffs boat launch on the Hanford Site.
The herd tends to congregate on the Arid Lands Ecology Reserve in the winter and disperses
during the summer months to higher elevations on the Arid Lands Ecology Reserve, private land
to the west of the Arid Lands Ecology Reserve, and the Yakima Training Center. In

March 2000, about 200 elk were removed from the Arid Lands Ecology Rescrve and relocated,
and another 31 elk were removed during 2002. Special hunts adjacent to the Hanford Site

in 2000 accounted for the removal of 207 additional elk. The 24 Command Fire in June 2000
temporarily destroyed nearly all of the elk forage on the Arid Lands Ecology Reserve. The herd
moved onto unburned private land west of the Hanford Site, to unbumed arcas in the eenter of
the Hanford Site, and along the Columbia River near the 100 B/C and 100-K Areas. Elk have
returned to burned areas as the vegetation recovers (PNN L-6415).

Experienced biologists reported sighting a cougar (Felis concolor) on the Arid Lands Ecology
Reserve during the elk relocation in March 2000, supplementing ancedotal accounts of other
observations of the presence of a cougar on the Hanford Site (PNNL-641 5).

Other mammals common to the 200 Arcas 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 dj gging ability and have
been suspected of excavating contaminated soil at 200 Areas radioactive waste sites
(BNWL-1794, Distribution of Radioactive Jackrabbit Pellets in the Vicinity of the B-C Cribs,
200 East Area, USAEC Hanford Reservation). The majority of badger diggings are a result of
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avoiding, where possible, undisturbed shrub-steppc habitat, because this is important to many
species of concern. The undisturbed shrub-steppe in the Central Plateau was designated as

Level 3 habitat in DOE/RL-96-32, which requires mitigation of any disturbance (e.g., through
avoidance and minimization) and possibly rectification and compensation. More detailed
dircction on protecting Level 3 habitats and species of concern is provided in DOE/RL-96-32. In
addition, site-specific environmental surveys, required before ground disturbance can occur,
scrve as a final check to ensure that ecological resources are adequately protected.

2.3.4 Cultura! Resources

A comprehensive archacological survey of the 200 Areas found artifacts in conjunction with
arcas of high topographic relicf and in the vicinity of sources of permanent water, but fow
artifacts associated with open, inland flats (PNL-7264, Archacological Survey of the 200 East
and 200 West Areas, Hanford Site, Washington). In the 200 West Arca, the only culturally
scnsitive arca identificd is the historic White Bluffs Road crossing the northwest comer of the
Hanford Site. The report concluded that additional cultural resource reviews are required only
for proposcd projects within 100 m (328 ft) of this road. No waste sites associated with the QUs
involved in this FS arc within 100 m (328 1) of this road (PNL-7264).

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

DOE/RL-97-56 was developed to address historic preservation requirements and to determine
the eligibility of historic properties for the “National Register of Historic Places™ (36 CFR 60).
DOE/RL-97-56 evaluated and classified waste sites and structures on the Han ford Site, including
those in the 200 Arecas, and proposed recommendations. Trcatment options were determined
using 36 CFR 60.4, “Criteria for Evaluation.” No waste sites in the OUs subject to this FS were
recommended for individual documentation as contributing properties. Sites beginning with
*216” (e.g., 216-A-19 Trench, 216-C-7 Crib) were categorized as “noncontributing/cxempt
properties” (i.c., properties exempted from documentation requirements as potential historic
sites) (DOE/RL-97-56).

No cultural resources were directly associated with OU waste sites (PNL-7264, DOE/RL-97-56,
PNNL-6415); however, to assess the potential impact to resources outside the waste site
boundary, site-specific cultural resource reviews are required for each waste site before
remediation or other ground-disturbing activities begin. Based on information available, these
reviews arc likely to result in a finding of “no potential to cause effect.” In addition to the
site-specific review, a cursory field review of plant and animal lifc could be conducted in concert
with this activity.
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2.3.5 Aesthetics, Visual Resources, and Noise

With the exception of Rattlesnake Mountain, land on the Hanford Site generally is flat with little
relicf. Rattlesnake Mountain, rising to 1,060 m (3,478 f1) above mean sca level, forms the
southwestern boundary of the Hanford Site, and Gable Mountain and Gable Butte are the highcst
landforms on the Hanford Site. The view toward Rattlesnake Mountain visually is plcasing,
especially in the springtime when wildflowers are in bloom. Large rolling hills are located to the
west and far north. The Columbia River, flowing across the northern part of the Hanford Site
and forming the eastern boundary, generally is considered scenic.

Studiecs on the Hanford Site on the propagation of noisc are concemed primarily with
occupational noise at work sites. Environmental noisc lcvels were not extensively evaluated
because of the remoteness of most Hanford Site activities and isolation from receptors covered
by Federal or state statutcs. Most industrial facilities on the Hanford Site are located far enough
away from the Hanford Site boundary that noise levels at the boundary arc not measurable or are
indistinguishable from background noise levels (PNNL-6415).

2.3.6 Socioeconomics

Activity on the Hanford Site plays a dominant role in the sociocconomics of the Tri-Cities and
other parts of Benton and Franklin counties. Any major changes in Hanford Site activity
potentially affect the Tri-Cities and other areas of Benton and Franklin Counties. Unless
otherwise specifically cited, data in this section were collected from interviews with the
referenced organization.

The Hanford Site is the largest single source of employment in the Tri-Citics. During fiscal year
(FY) 2002, an average of 10,892 employces were employed by the DOE, Office of River
Protection (ORP) and its prime contractor CH2M HILL Hanford Group, Inc.; RL and its prime
contractor Fluor Hanford, Inc.; Battelle Memorial Institute; Bechtel Hanford, Inc.; and the
Hanford Environmental Health Foundation. The FY 2002 year-end employment on the Hanford
Site was 10,938, up from 10,670 in FY 2001. In addition to thesce totals, Bechtel National, Inc.,
and its prime subcontractor Washington Group International, employed 3,013 at the end of

FY 2002, up from 1,350 at the end of FY 2001. In December 2000, ORP awarded a contract to
Bechtel National, Inc., to design, build, and start waste treatment facilities for the glassification
of liquid radioactive waste. According to the Washington State Labor Market and Economic
Analysis, the annual average number of employees on the Hanford Site is down considerably
from a pcak of 19,200 in FY 1994, but still represents 15 percent of the 94,000 total jobs in the
economy.

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

Energy Northwest

The agricultural community (including ConAgra food processing plants)

Tyson Foods (formerly Iowa Beef Processing)

Arcva NP — Advanced Nuclear Products (formerly Siemens, Inc., and Framatome ANP)
Boisc Cascade Corporation, Paper and Corrugated Container Divisions

Burlington Northern and Santa Fe Railroads.
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Tourism and government transfer payments to retirees in the form of pension benefits also are
important contributors to the local economy.

An estimated total of 147,600 people lived in Benton County and 51,300 lived in Franklin
County during 2002, for a total of 198,900, which is up almost 4 percent from 2000. According
to the 2000 Census, population totals for Benton and Franklin Counties were 142,475 and
49,347, respectively. Both Benton and Franklin countics grew at a faster pace than Washington
as a whole in the 1990s. The population of Benton County grew 26.6 percent, up from

112,560 in 1990. The population of Franklin County grew 31.7 percent, up from 37,473 in
1990 (Census 2001, Poverty Thresholds in 2000, by Size of Family and Number of Related
Children Under 18 Years).

Based on the 2000 census, the 80 km (50-mi) radius arca surrounding the Hanford Sitc had a
total population of 482,300 and a minority population of 178,500 (PNNL-6415). The cthnic
composition of the minority population primarily is White Hispanic (24 percent), self-designated
“other and multiple” races (63 percent), and Native American (6 percent). Asians and Pacific
Islanders (4 percent) and African Americans (3 percent) make up the rest. The Hispanic
population resides predominantly in Franklin, Yakima, Grant, and Adams counties. Native
Americans within the 80 km (50-mi) area reside primarily on the Yakama Rescrvation and
upstrcam of the Hanford Site ncar the town of Beverly, Washington. PNNL-6415 provides maps
showing distributions of minority and low-income populations.

24  WASTE SITE DESCRIPTION,
CHARACTERIZATION, AND
CONTAMINATION

This scction describes the seven waste sites selected for characterization to support the
200-PW-2 and 200-PW-4 OU remedial investigation/feasibility study (RUFS) process as
representative waste sites. These waste sites are the 216-A-19 Trench, 216-B-12 Crib,
216-A-10-Crib, 216-A-36B Crib, and 216-S-7 Crib of the 200-PW-2 QU and the 207-A South
Retention Basin and 216-A-37-1 Crib of the 200-PW-4 OU. Thesc sites were designated as
representative waste sites in DOE/RL-96-81, data quality objective summary reports
(BHI-01411, Remedial Investigation Data Quality Objectives Summary Report for the
200-PW-2 Uranium-Rich Process Waste Group Operable Unit, for 200-PW-2 and CP-14176,
Remedial Investigation Data Quality Objectives Summary Report for the 200-PW-4 Operable
Unit, for 200-PW-4), and the Implementation Plan (DOE/RL-98-28). These sites were chosen as
representative because of the amount of characterization alrcady performed; because they
generally are considered worst case (upper bound) or typical of the waste characteristics for the
OUs; and because waste strcam inventories, effluent volumes received, and the current level of
charactcrization suggest that contaminant inventories arc present beneath these sites. This
information is used for alignment of analogous waste sites with representative waste sites,
following the analogous site approach described in the Implementation Plan (DOE/RL-98-28)
and in Section 2.5 of this FS. The 216-U-8 Crib underwent geophysical logging as a part of
200-PW-2 and 200-PW-4 OU RI activitics, but was reassigned to the 200-UW-1 QU for
remediation and is no longer a site within the 200-PW-2 OU., The remaining 200-PW-2 and
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200-PW-4 OU waste sites (Table 1-1) are considered to be analogous to one of these
representative waste sites as described in Table 2-2.

2.4.1 Overview of Remedial Investigation Data
Collection Activities

This section provides an overview of RI data collection activities performed for representative
waste sites of the consolidated 200-PW-2 and 200-PW-4 OUs. Further details for each
representative waste sitc are provided in the following scctions. Data were collected to
characterize the nature and vertical extent of chemical and radiological contamination and the
physical conditions in the vadose zonc underlying the historical boundaries of the representative
waste sites to support evaluation of risks and to assist in the evaluation, sclection, and design of
remediation alternatives. The RI needs for the 200-PW-2 and 200-PW-4 OUs were developed
and presented in the data quality objectives process summary reports, BHI-01411 and CP-14176,
respectively. The RI was conducted during FY 2003 and 2004 in accordance with the Work Plan
(DOE/RL-2000-60, Appendix B) for characterization of all representative waste sites except the
216-S-7 Crib. Data collected from the RI representative waste sitcs are presented in the

RI Report (DOE/RL-2004-25, Appendix B). The 216-S-7 Crib was characterized in FY 2004
and 2005 in accordance with the Work Plan (DOE/RL-2000-60, Appendix D), and the Rl results
arc summarized in Appendix A of this FS.

The characterization activities consisted of borchole drilling and sampling, large-diameter
push-hole (drive casing) installation, direct-push sampling, surface and borehole geophysical
surveys, and sampling and analysis of borehole soils. These activitics are described in detail in
CP-1860606, 200-PW-2 and 200-PW-4 Operable Unit Borehole Summary Report, and
D&D-25034, 200-PW-2 Operable Unit Borchole Summary Report for the 216-5S-7 Crib. The
200-PW-2 and 200-PW-4 OU boreholes from which analytical and/or geophysical logging data
were collected are identified in Table 2-3. Except for the 207-A South Retention Basin, both
geophysical logging and laboratory characterization data are available for the sites. The
locations of new and existing boreholes are shown in Figures 2-2 through 2-6, and analytical
results are discussed in the following sections.

2.4.1.1 Borehole Drilling and Geophysical Logging Activities

Five boreholes and five large-diameter push holes initially were drilled and sampled during the
200-PW-2 and 200-PW-4 OU RI at representative waste sites (CP-18666). A sixth borchole
(C4557) was drilled for the 216-S-7 Crib, as reported in D&D-25034. At the 207-A South
Retention Basin, four shallow borings were drilled to a depth of 6 m (20 ft) below ground surface
(bgs) to collect soil samples for laboratory analysis. Soil samples were collected for laboratory
analysis through the vadose zone from borehole drill cuttings.

Boreholes were drilled to the top of groundwater using a cable-tool drill rig. The borchole was
advanced to total depth using drive barrels and split-spoon samplers. Split-spoon samplers were
uscd as the primary sampling device for collecting chemical, radiological, and physical property
samplcs; however, the drive barrel occasionally was used to collect moisture samples. Afler total
depth was reached, each borehole was decommissioned by removing the temporary casings and
backfilling the borchole with silica sand from the bottom to the water table, granular bentonite up
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t0 0.3 to 1 m (1 to 3 fl) bgs, and a concrete surface seal in accordance with WAC 173-160,
“Minimum Standards for Construction and Maintenance of Wells.”

The borcholes identificd in Table 2-3 also underwent geophysical logging for gamma-emitting
radionuclides and neutron moisture content using, as a portion of the logging, a Spectral
Gamma-Ray Logging System (SGLS). Existing wells at the 216-S-7 Crib, 299-W22-12 (A7837)
and 299-W-13 (A7838), underwent geophysical logging using the SGLS. As the SGLS became
saturated from high radiological counts or reached the top end of the reliability curve, a
High-Rate Logging System (HRLS) was employed to determine the total activity of the material
present. The HRLS provided a continuous radiometric signature of the soils through a single
thickness of casing to total drilled depth. Existing borcholes in the vicinity of each waste sitc
were logged in the SGLS before the drilling program began. A neutron moisture-logging too)
was employed to provide a dircct reading of hydrogen atom distribution and generate a moisture
profilc of the vadose zone in each borchole, because mobile contaminants move toward
groundwater with the moisture front. Results of the borchole geophysical logging conducted in
each borchole or push hole are provided in CP-18666 and D&D-25034 (216-S-7 Crib).

Logging information was used to guide sampling and analysis, for safety considerations, and o
help confirm contamination information identified by analytical sampling. Logging is
continuous with depth, whereas sampling only occurs at discreet depths. Logging data is
valuable in confirming the presence of contaminants identificd by analytical data but will not be
uscd as the sole method to verify the nature and extent of waste site contamination. Although the
geophysical logging data generally correlate well with analytical data for major contaminants
and major zones of contamination at the sites, ficld-gencrated geophysical logging data are not as
rcliable as laboratory analytical data. Logging results are subject to the judgment of the
personnel involved in taking and interpreting results and are dependent on many borehole
variables such as moisture level, distance from surface, thickness of casings, and homogeneity of
soil.

2.4.1.2 Soil Sampling and Ficld Screening

Soil samples were collected from borchole vadose zone material for chemical and radiological
analysis and determination of physical propertics. Physical property samples were collected at
major lithologic changes and as determined by the site geologist. Sample collection was guided
by the sample schedule in the Work Plan (DOE/RL-2000-60, Appendices B and D).

Drill cuttings and soil samples collected from the borcholes were screened in the field for
radiological and chemical contaminants to assist in sclecting sample points, support worker
health and safety, and provide sample-shipping information. Chemical contaminants were
screened using hand-held vapor analyzers for volatile organic constituents, ammonia, and TBP.
Soil samples were screened for alpha and beta-gamma radioactivity before being placed into
containers for shipment. Radiological activity greater than two times background was used as an
indicator of high contamination.

Soil samples were analyzed selectively for ammonia, anions, hexavalent chromium, total
cyanide, metals, nitrate/nitrite, oil and grease, pesticides and herbicides (for investigation-derived
waste characterization of near-surface soils), pH, polychlorinated biphenyls, semivolatile
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organics, total petroleum hydrocarbons, radionuclides, volatile organics, moisture content,
particle size distribution, and bulk density (identified in Appendix B, Tables B-1 and B-2, of the
Work Plan [DOE/RL-2000-60]). Parameters for the samplec analyses performed at the
representative waste sites are presented in Tables 2-1 through 2-7 of the RI Report
(DOE/RL-2004-25) and Appendix A, Table A2-1 (216-S-7 Crib) of this FS. A total of

217 samples were collected from the boreholes, including quality assurance/quality contro! (QC)
and physical property samples.

The sampling approach generally required a greater sample frequency near the base of each
waste site, which tends to be the area of highcst contamination. Sample collection was attempted
always at depths of 4.6 m (or less) and 7.6 m (15 and 25 ft) bgs to define contamination profiles
for remedial designs. Samples to 2 depth of 4.6 m (15 ft) are critical for evaluation of
human-health direct-exposure and terrestrial-wildlife scenarios, whereas deeper samples are
applicable to groundwater-protection considerations. Sample intervals generally increased below
depths of about 15.2 to 27.4 m (50 to 90 f1) to intervals of 15.2 to 30 m (50 to 100 {t). Samples
from depths greater than the base of the waste site are used to verify the conceptual contaminant
distribution model and to cvaluate remedial action altematives and groundwater impacts. A
spilt-spoon sampler was the primary sampling device used to collect the samples from the
borcholes. One liner from sclected intervals was analyzed for physical properties. More details
regarding site-specific characterization activities arc provided in later sections.

2.4.1.3 Other Remedial Investigation Activities

Other RI activities included surface geophysical surveys at all borehole or push locations before
drilling began. Borehole locations were surveyed in accordance with approved company
procedures by a licensed professional land surveyor. Surveys used ground-penetrating radar to
verify waste site location and identify potential underground hazards.

Air monitoring was performed in coordination with the requirements of CCN 0087338,
“Environmental Restoration Program ALARACT Demonstration for Drilling — Drilling
Activities Outside the Tank Farms Fence Line on the Hanford Site™) to ensure and verify that the
breathing zone remained free of contamination and the drill crew wore the proper protective
equipment.

A quality assurance surveillance was conducted on the direct-push holes installed at the
216-A-10 Crib for placement of the holes, materials and equipment used, driller qualification,
hole decommissioning, borchole geophysical logging, and document and record generation. This
surveillance found the activities to be satisfactory.

2.4.2 Representative Waste Site Description,
Characterization, and Contamination

This section describes the 200-PW-2 and 200-PW-4 OU representative waste sites, the RI
characterization activities for each site, and the nature and vertical extent of contamination at
these waste sites. This section summarizes data gathered during RI characterization activitics
described in Chapter 3.0 of the RI Report (DOE/RL-2004-25). The detections listed arc of
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primary waste strcam contaminants that typically were identified as COPCs for the sampling
activity.

Contaminants are listed at their maximum detected concentration, as reported in the RI Report
DOE/RL-2004-25, Appendix A, Table A-1 (Shallow Zone [less than 4.6 m {15 ft}]) and

Table A-2 (Deep Zone [surface to groundwater]). The analytical results for these constituents
have undergone evaluation for potential human-health and ecological dircct-contact risk, risk to
groundwater from vadosc zone soil contamination, ecological risk, and intruder risk.

2.4.2.1 216-A-19 Trench

This scction describes the representative waste site 216-A-19 Trench, site characterization
activitics, and the nature and extent of contamination found at the site.

2.4.2.1.1 Description

The 216-A-19 Trench (Figure 2-2) is located in the 200 East Area about 800 m (2,625 1)
northwest of the 202-A Building (PUREX Plant), just outside the eastern perimeter fence of the
200 East Arca. The 216-A-19 Trench is surrounded (clockwisc from the south) by the
216-A-34 Ditch, 216-A-18 Trench, 216-A-24 Crib, and 216-A-20 Trench, When actively
recciving waste, the trench was 4.6 m (15 ft) deep with bottom dimensions of approximately

7.6 by 7.6 m (25 by 25 ft) (Waste Information Data System [WIDS]). When in opcration, trench
surface clevation was 199 m (652 fi). The Work Plan (DOE/RL-2000-60, F igure 2-20) contains
a configuration diagram of the 216-A-19 Trench.

This trench operated from November 1955 until January 1956. During operation, the trench
primarily received effluent containing unirradiated uranium from PUREX startup, some of which
contained fission products, and contact condenser cooling water from the 241-A-431 T Tank
Farm Ventilation Building containing uranium and nitric acid. Waste from PUREX entered the
trench from aboveground piping and might have rcached the trench from overflows of the
adjacent 216-A-34 Ditch (200-PW-4 OU).

An estimated 38,700 kg (85,317 1b) of uranium in about 1,100,000 L (291,000 gal) of waste were
routed to the trench (DOE/RL-96-81 and PNL-6456). Nitrate salts also were disposed of at the
sitc. The radionuclide inventory included Co-60, Sr-90, Cs-137, Pu-239/240, and U-238
(PNL-6456). The 216-A-19 Trench was backfilled following use and later was covered with
several meters of fill. The site was surface stabilized again in 1990 with additional fill material
(WIDS).

2.4.2.1.2 Characterization Activities

The 216-A-19 Trench was characterized as part of the 200-PW-2 and 200-PW-4 OU Rl in |
accordance with the Work Plan (DOE/RL-2000-60). Borehole C3245 was drilled through the

216-A-19 Trench from the ground surface to the water table to a depth of approximately 78 m

(256 ft) bgs. The borehole was begun on April 4, 2003, with the final decommissioning on

April 23,2003. Geophysical logging of the borchole was performed with the SGLS and

Neutron-Moisture Logging System (NMLS) on April 7 and 10, 2003.
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Drill cuttings and soil samples collected from the borehole were screened in the field for volatile
organic constitucnts, ammonia, TBP, beta-gamma activity, and alpha activity.

Sample collection was guided by the sample schedule in Appendix B of the Work Plan
(DOE/RL-2000-60). Soil sample parameters for the 216-A-19 Trench are summarized in

Table 2-1 of the Rl Report (DOE/RL-2004-25). A total of 28 soil samples were sent for
analysis, of which 2 were QC samples (equipment blanks) and 38 were samples of soil obtained
from 4.4 10 75.6 m (14.5 to 248 ft) bgs sent for chemical and radiological analysis and
determination of physical propertics. Data from the characterization activities are presented in
the borchole summary report (CP-18666), and analytical results arc presented in the RI Report
(DOE/RL-2004-25, Appendices A and B) and are discussed further in this section.

2.4.2.1.3 Nature and Extent of Contamination

This section describes the nature and extent of contamination in the 216-A-19 Trench.
Contamination was detected in the vadose zonc beneath the 216-A-19 Trench in Borchole C3245
to a depth of 75.6 m (248 fl) bgs. Maximum concentrations for all radiological and most
chemical contaminants were found near the trench bottom from 4.4 to 5.3 m (14.5 to 17.5 fi) bgs.
The surrounding 200-PW-2 and 200-PW-4 OU waste sites, 216-A-34 Ditch (200-PW-4),
216-A-18 Trench (200-PW-2) and the 216-A-20 Trench (200-PW-2), are likely to contain
similar contamination. The 216-A-18 Trench and the 216-A-20 Trench have waste receipt
histories ncarly identical to that of the 216-A-19 Trench. Waste from the 216-A-34 Ditch
(241-A-431 Tank Farm Ventilation Building condenscr cooling water) is believed to have
reached the 216-A-19 Trench and the 216-A-20 Trench. A vertical profile plot of maximum
detected contaminant concentrations at the 216-A-19 Trench is shown in Figure 2-7.

The following are maximum concentrations of primary waste strcam radionuclides detected in
shallow soils at concentrations greater than 1 pCi/g:

e Ni-63 17.6 pCi/g at 4.4 m (14.5 fi) bgs
» Total radioactive strontium  16.1 pCi/g at 4.4 m (14.5 f) bgs
e Th-234 56.8 pCi/g at 4.4 m (14.5 ft) bgs
. U-233/234 6.0 pCi/g at 4.4 m (14.5 1) bgs
o« U-238 51 pCi/gat 4.4 m (14.5 ft) bgs.

The following are maximum concentrations of primary waste stream radionuclides detected in
decp soils at concentrations greater than 1 pCi/g:

« Ni-63 17.6 pCi/g at 4.4 m (14.5 ft) bgs
« Total radioactive strontium  20.0 pCi/g at 5.3 m (17.5 ft) bgs
o« Th-234 56.8 pCi/gat 4.4 m (14.5 ft) bgs
« U-233/234 6.0 pCi/g at 4.4 m (14.5 1) bgs
o« U-238 51 pCi/g at 4.4 m (14.5 ft) bgs.

Samples at depths of approximately 4.6 m (15 ft) and below provided Cs-137 results less than
the sample minimum detectable activity (MDA) of 0.015 pCi/g. The 90 percent upper
confidence background level for Hanford Site soils is about 1.1 pCi/g (DOE/RL-96-12, Hanford
Site Background: Part 2, Soil Background for Radionuclides); thus, the levels only are slightly

2-23



DOE/RL-2004-85 DRAFT A

above background at greater depths. No other radionuclides were detected at more than 1 pCi/g
at any depth.

The following are maximum concentrations of nonradiological contaminants detected in shallow
soils:

« Boron 38.9mg/kg at4.4 m (14.5 ft) bgs
* Vanadium 96.1 mg/kg at 4.4 m (14.5 ft) bgs
s Bis(2-cthylhexyl)phthalate 0.660 mg/kg at 4.4 m (14.5 ft) bgs
« TBP 280 mg/kg at 4.4 m (14.5 fi) bgs
e Urantum, total 129 mg/kg at 4.4 m (14.5 ) bgs.

Pesticides and herbicides used to kill vegetation on the trench surface were tested at 0.15 m
(0.5 ft) bgs, and nonc were detected.

The following are maximum concentrations of nonradiological contaminants detected in deep
soils:

e Arscnic 7.0 mg/kg at 4.3 m (14.0 f1) bgs

s Bismuth 36,400 mg/kg at 29.7 m (97.5 ft) bgs
+« Boron 389 mg/kg at 4.4 m (14.5 ft) bgs

+ Mangancse 538 mg/kgat 5.3 m (17.5 ft) bgs

o Uranium, total 130 mg/kg at 6.9 m (22.5 ft) bgs

» Nitratc as nitrogen 9,800 mg/kg at 8.4 m (27.5 ft) bgs

« Nitratc and nitrate/nitritc as nitrogen 1,120 mg/kg at 9.9 m (32.5 ft) bgs

« TBP 280 mg/kg at 4.4 m (14.5 ft) bgs.

The radiological and chemical (e.g., nitrates) contaminants found at the 216-A-19 Trench are
consistent with the site history indicating that nitrate-containing waste (e.g., nitric acid, nitrate
salts) and large quantities of uranium, 387,000 kg (85,700 Ib) were disposed of at the site
(DOE/RL-2000-G0).

SGLS and NMLS logging for Borchole C3245 show that Cs-137, U-238, and U-235 were the
only manmade radionuclides detected in this borehole. Cesium-137 was detected near the
ground surface, ranging from 0.4 to 40 pCi/g in the top 0.3 to 3.4 m (1 to 11 ft) bgs and again at
the depths of 7 m (23 ft) bgs and 58.8 m (194 fi) bgs. Results from 9.9 to 75.6 m (32.5 to 248 1)
bgs range from 0.1 to 7.4 pCi/g. At lower depths, the estimated concentrations were at or below
the minimum detection level (MDL) of 0.2 pCi/g. SGLS logging of nearby Borehole
299-E25-10, 18 m (59 i) north of the trench, did not detect Cs-137 at any depth. Moisture logs
indicate no major areas of wetness to act as a moisture front for transport of mobile constituent to
groundwater. Processed uranium (U-238) was encountered from 2 to 9.3 m (6.5 to 30.5 ft) bgs,
with concentrations ranging between 18 and 560 pCi/g. The maximum concentrations for
Cs-137 and U-238 were found at 2.4 m (8 ft) bgs.

The contaminant distribution model (DOE/RL-2000-60, Figure 3-11) predicted that highest
contamination would be found at about 5.5 to 10.7 m (18 to 35 ft), medium amounts of
contamination to 15.2 m (50 ft) bgs, and low contamination below 15.2 m (50 ft). In gencral,
and except for bismuth, this distribution is confirmed by samplc data.
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2.4.2.1.4 Potential for Groundwater Impact

The effluent volume (1,100 m®) discharged at this site did not excced soil-pore volume
(approximately 90 percent of the soil-pore volume of 1,232 m®). The status of groundwater
contamination in the vicinity of the 216-A-19 Trench is described in PNNL-13788. The report
indicates that I-129 and tritium excced groundwater protection standards/guidclines in the
vicinity of the trench but does not identify the 216-A-19 Trench as the source
(DOE/RL-2000-60). PNNL-14187, Hanford Site Groundwater Monitoring for Fiscal Year
2002, docs not report exceedances of any groundwater parameters in wells associated with this
waste site. Soil sampling data, the volume of effluent discharged, and groundwatcr monitoring
results confirm the conceptual model showing that the 216-A-19 Trench is not likely to have
impacted groundwater.

2.4.2.2 216-B-12 Crib

This scction describes the representative waste site 216-B-12 Crib, crib characterization
activitics, and the nature and extent of contamination found at the site.

2.4.2.2.1 Description

The 216-B-12 Crib (Figure 2-3) is located in the 200 East Arca about 305 m (1,000 f1} northwest
of the 221-B Building. The bottom surface arca of the crib is 49 by 15 m (160 by 50 ft); the crib
is approximately 8 m (26 ft) decp on onc end and 9.2 m (30 ) deep on the downgradient end.
For a configuration diagram of the 216-B-12 Crib, refer to Fi gure 2-21 of the Work Plan
(DOE/RL-2000-60).

The 216-B-12 Crib was constructed in 1952 and consists of a scrics of threc cascading

5 by 5 by 3 m (16- by 16- by 10-t)-high wooden boxes made from 15 by 20 cm (6- by 8-in,)
Douglas Fir in a 9 m (30-ft)-deep excavation. The bottom 4 m (12 ft) of the crib contains 1.3 cm
(0.5 in.) of gravel backfill, of which 1.2 m (4 ft) underlie the boxes. The excavation has side
slopes of 1:1. Itis unclear if the gravel backfill merely surrounds the boxes or also fills the
boxes. The unit is considered to have cave-in potential (WHC-1P-0809, B Plant Aggregate Area
Management Study Technical Baseline Report).

The crib opcrated from November 1952 to November 1973, During its service history, the
216-B-12 Crib reccived process condensate from the 221-U, 224-U, and the 221-B Buildings
from November 1952 until December 1957. The crib was inactive from December 1957 until
May 1967. From May 1967 to November 1967, the crib received liquid waste from the

221-B Building. From November 1967 to November 1973, the crib received additional process
condensate via a 15 cm (6-in.) diameter vitrified clay pipe from the 221-B Building. The
vitrified clay pipe includes limestone used to neutralize the waste stream. The 216-B-12 Crib
was abandoned in November 1973 when the ground above the crib started to subside. At that
time, the subsidence was backfilled and the fill line was blanked. In 1974, the crib was stabilized
using layers of sand and gravel with a plastic liner to deter vegetation growth. An additional
0.6 m (2 fi) of clean soil was added in 1993 (RHO-CD-673 and WIDS).

The total volume of effluent discharged is estimated to be 520,000,000 L (140,000,000 gal). The
waste was low salt and neutral/basic, containing large amounts of uranium and also ammonium
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nitrate, TBP, and fission products. The radionuclide inventory of the site includes Co-60, Sr-90,
Cs-137, Pu-239/240, and U-238. An estimated 21,000 kg (46,300 Ib) of uranium, 374 g (1 Ib) of
plutonium, 716 Ci of Cs-137, and 79.3 Ci of Sr-90 might have been discharged to this site.
Records indicate that 180,000 kg (396,832 Ib) of ammonium nitrate was disposed of at the site.

2.4.2.2.2 Characterization Activities

Drilling of Borchole C3246 commenced May 29, 2003, and was completed June 24, 2003.
Borchole C3246 was drilled through the 216-B-12 Crib from the ground surface to the water
table to a depth of approximately 93 m (306 ft). Geophysical logging was performed in
Borehole C3246 using the SGLS, the HRLS, and the NMLS on June 5, 9, and 19, 2003.

Drill cuttings and soil samples collected from the borchole were screened in the ficld for volatile
organic constituents, ammonia, TBP, beta-gamma activity, and alpha activity.

A total of 27 samples were sent for analysis, of which 3 were QC samples (equipment blanks)
and 24 were obtained from borchole material from 0.2 to 92 m (0.5 to 302 ft) bgs for chemical
and radiological analysis and determination of physical propertics. Sample collection was
guided by the sample schedule in the Work Plan (DOE/RL-2000-60). Soil sample paramcters
are summarized in Table 2-3 of the RI Report (DOE/RL-2004-25). Data from the
characterization activities are presented in the borehole summary report (CP-18666). Analytical
results are presented in Appendices A and B of the RI Report, and are discussed further in this
scction.

2.4.2.2.3 Nature and Extent of Contamination

This section describes the nature and extent of contamination at the 216-B-12 Crib.
Contamination was detected in the vadose zone beneath the 216-B-12 Crib in Borchole C3246 to
a depth of 91.5 m (302 ft) bgs for radionuclides, although many of these maximum
concentrations are less than 1 or 2 pCi/g. Maximum radionuclide concentrations were located at

or above the 12.1 m (40 fi) bgs level of the borchole. For the 216-B-12 Crib, vertical profile
plots of contaminants arc shown in Figure 2-8.

The following are maximum concentrations for primary waste stream radionuclides detected in
shallow soils at concentrations greater than 1 pCi/g:

+ K-40 14.2 pCi/g at 4.4 m (14.5 ft) bgs
o Th-230 1.19 pCi/g at 4.4 m (14.5 ft) bgs
e Tritium 8.28 pCi/g at 4.4 m (14.5 ft) bgs.

Also detected in site soils was Sn-126 at 0.724 pCi/g at 4.4 m (14.5 ) bgs.

The following are maximum concentrations for the primary waste stream radionuclides detected
in decp soils at concentrations greater than 1 pCi/g:

e Ac-228 1.02 pCi/g at 28.8 m {94.5 ft) bgs
e Am-241 2.00 pCi/g at 10.8 m (35.5 ft) bgs
+ Bi-214 1.05 pCi/g at 28.8 m (94.5 ft) bgs

2-26



DOE/RL-2004-85 DRAFT A

» Carbon-14 3.30 pCi/g at 19.1 m (62.5 ft) bgs

e Cs-137 61,900 pCi/g at 10.8 m (35.5 fi) bgs
e Eu-155 34.9 pCi/g at 10.8 m (35.5 ft) bgs

« Pb-214 1.08 pCi/g at 28.8 m (94.5 ft) bgs

o Pu-239/240 3.90 pCi/gat 10.8 m (35.5 fi) bgs

« K-40 15.8 pCi/g at 60.2 m (197.5 1) bgs
e Ra-226 1.05 pCi/g at 28.8 m (94.5 ) bgs

o Ra-228 1.02 pCi/g at 28.8 m (94.5 ft) bgs

o Th-228 7.54 pCi/g at 10.8 m (35.5 ft) bgs

e Th-230 1.19 pCi/g at 4.4 m (14.5 f1) bgs

+ Th-234 2.01 pCi/g at 28.8 m (94.5 ft) bgs

» Total radioactive strontium 12,700 pCi/g at 10.8 m (35.5 fi) bgs
s Tritium 8.28 pCi/g at 4.4 m (14.5 ft) bgs

o U-233/234 4.90 pCi/g at 12.2 m (40 f1) bgs

+ U-238 12.1 pCi/g at 12.2 m (40 ft) bgs.

The high Cs-137 and Sr-90 concentrations, and the presence of high total uranium, U-238, and
U-233/234 concentrations, corroborate sitc waste reccipt history.

The following are maximum concentrations for the primary nonradioactive contaminants
detected in shallow soils:

e Arscnic 7.30 mg/kg at 4.4 m (14.5 ft) bgs
+« Boron 1.30 mg/kg at 4.4 m (14.5 ft) bgs
« Bis(2-cthylhexyl)phthalatc  0.018 mg/kg at 4.4 m (14.5 ft) bgs.

Pesticides and herbicides used to kill vegetation on the surface of the crib were tested for at
0.15 m (0.5 ft) bgs and were not detected.

The following are maximum concentrations for the nonradioactive contaminants detected in deep
soils:

» Nitrate as nitrogen 165 mg/kg at 10.8 m (35.5 ft) bgs
« Nitrate/nitrite as nitrogen 126 mg/kg at 15.3 m (50 ft) bgs
» Total uranium 28.0 mg/kg at 10.8 m (35.5 f) bgs.

As expected from this waste stream, TBP was found, but the maximum concentrations of
2.0 mg/kg at 12.2 m (40 ft) bgs and 0.6 mg/kg at 29.5 m (97.5 {t bgs) were below screcning
levels.

Geophysical logging performed in Borehole C3246 using the SGLS, the HRLS, and the NMLS
showed Cs-137, U-238, and Eu-154 as the only manmade radionuclides present in this borehole
(CP-18666, Appendix F). Although borehole logging results are consistently higher than the
laboratory data, the relative levels of sample results at different depths are consistent and
generally confirm the vertical distribution of the radionuclide predicted by logging. The
maximum Cs-137 concentration found during logging was 121,000 pCi, sccn at 10.6 m

(35 1) bgs, compared to 61,900 pCi/g at the same depth by sampling. Processed uranium
(U-238) was identificd by logging at 35.8 m (118 f) bgs at a concentration of 13 pCi/g; sample
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results obtained at 28.6 10 59.8 m (94.5 to0 197.5 ft) bgs were 0.69 to 1.7 pCi/g. Europium-154
was detected during logging at 9.4 m (31 f) bgs, with a concentration of 9 pCi/g, but was not
detected in laboratory samples, although Eu-155 (0.282 pCi/g) at 28.6 m (94.5 ft) bgs was found
in on¢ laboratory sample. No other geophysical or laboratory data have been collected from this
site since 1977. NMLS showed low uniform wetness to the water table and no major arcas of
wetness, which correlates well with sample results.

The conceptual contaminant distribution model (DOE/RL-2000-60, Figure 3-12) correlates well
with the characterization results, With few exceptions, radionuclides either were not detected or
were detected at approximately 2 pCi/g or less deeper than 12.1 m (40 ft). Most of the
radionuclides were found in the predicted high-contamination range (4.5 to 19.7 m [15to

65 ft] bgs), as were many of the metals associated with contamination. Those that were found in
elevated concentrations farther down the borchole stil] were in the predicted
medium-contamination range (to 30.3 m [100 fi] bgs) except chromium, which was high

(30 p/m) at the 91.5 m (302 ft) level. Contaminant distribution data indicate that a possible
geologic structure might be located beneath the crib, causing the contaminant distribution of total
uranium and of all measured isotopes to be anomalous. Uranium is elevated at 10.7 to 15.2 m
(35 to 50 ft bgs), drops at 19.1 m (62.5 ft) bgs, and, contrary to the conceptual model that expects
medium contamination at the 28.2 m (92.5 1), riscs again at 28.2 m (92.5 fi bgs), and then drops
off again between 60.2 10 75.4 m (197.5 to 247.5 i) bgs. Howecver, this docs not si gnificantly
conflict with the contaminant distribution model. Soil data, effluent discharge volume, and
groundwater monitoring information confirm the conceptual model that the 216-B-12 Crib likely
impacted groundwater,

2.4.2.2.4 Potential for Groundwater Impact

The effluent volume (520,000 m*) discharged at the 16-B-12 Crib site is 28 times greater than
the soil-porc volume (18,300 m®). These data indicate a high likelihood of impact to the
groundwater at this site. The status of groundwater contamination at the 216-B-12 Crib is
described in PNNL-13788. The report indicates that the I-129 and nitrate as nitrogen plumes
extend northwesterly from the B Plant and might exist beneath the 216-B-12 Crib, but does not
specifically imply that this site is the source (DOE/RL-2000-60). PNNL-14187 docs not report
exceedances of any groundwater parameters in wells associated with this wastc site.

2.4.2.3 216-S-7 Crib

This section describes the 216-S-7 Crib, crib characterization activitics, and the nature and extent
of contamination found at the site,

2.4.2.3.1 Description

The 216-S-7 Crib (Figure 2-9) is located in the 200 West Area, about 230 m (750 ft) northwest
of the 202-§ Canyon Building and 290 m (95 1) east of the SX Tank Farm. The waste site
consists of two roofed wooden boxes, each of which is 4.9 by 4.9 m (16 by 16 ft) square by

1.6 m (5.2 ft) tall, placed in an excavation that was 0.7 m (22 f1) decp with bottom dimensions of
15.2 by 30.4 m (50 by 100 ft). Elevation at the original ground surface is 205.5 m (674.2 1)
above mean sca level. The wooden cribs are centered 15.2 m (50 fi) apart in an excavation. The
wooden boxes received liquid waste through a 7.6 em (3-in.) diameter stainless steel inlet pipe
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placed 4.6 m (15 f) below grade. The inlet pipe split at the center of the crib and fed the two
wooden boxes in parallel. The pipc was covered with a gravel and sand cover. Covering this is
a vapor barrier, consisting of two layers of heavy construction paper cxtending over the entire
gravel bed and lapped up the side of the excavation 0.6 m (2 ft). The excavated soil probably
was used as backfill over the gravel and paper barrier. Surface dimensions of the excavation are
28.7 by 43.9 m (94 by 144 ft), based on a 45-degree slope into the excavation. Fora
configuration diagram of the 216-S-7 Crib, refer to Figure D-1 of the Work Plan
(DOE/RL-2000-60).

The 216-S-7 Crib was constructed in 1955 to receive the waste treatment stream from the
REDOX process and was active from January 1956 to July 1965. The primary sources for the
waste were the D-1 and D-2 cell tanks in the 202-S Building (REDOX).

The 216-S-7 Crib received 390,000,000 L (103,000,000 gal) of process waste. The discharged
waste was acidic (as low as pH=2), at lcast at the start of 216-S-7 Crib operations. An estimated
3 pereent by volume of the waste from this tank was scttleable solids. The waste discharged to
the soil column at the 216-S-7 Crib included 2,560 kg of uranium, 440 g of plutonium, 703 Ci of
Cs-137, and 1,390 Ci of Sr-90 (decayed through 1989). The initial inventory also included 25 Ci
of Co-60 and 1,500 Ci of Ru-106. Chemical inventory data included 110,000 kg of nitrate,
40,000 kg of aluminum nitrate, 250,000 kg of nitric acid, and 7,000 kg of sodium,

2.4.2.3.2 Characterization Activitics

New Borchole C4557 was drilled and sampled to support the 216-S-7 Crib RI. The borchole is
located in the center of the erib and was drilled from the ground surface to the water table at
depths of approximately 68.6 m (225 ft). Also, two necarby wells were logged.

Drill cuttings and soil samples collected from the borchole were screened in the field for volatile
organic constitucnts, ammonia, TBP, beta-gamma activity, and alpha activity.

Thirty-five samples were obtained from the borchole for chemical and radiological analysis and
determination of physical propertics. Of these, seven were QC samples (splits, duplicates,
blanks) and four were for physical propertics. Samples were analyzed for parameters identified
in Appendix D, Table D2-1. Sample collection was guided by the sample schedule in

Appendix D of the Work Plan (DOE/RL-2000-60). Data from the characterization activitics arc
presented in the borchole summary report (D&D-25034). Analytical results are presented in
Appendix A of this FS and are discussed further in this section.

2.4.2.3.3 Nature and Extent of Contamination

This scction describes the nature and extent of contamination in the 216-S-7 Crib arca. The crib
received uranium-rich solutions from process condensates from the REDOX Plant, which was
active between January 1956 and July 1965. When actively receiving waste, the crib was

6.7 m (22 ft) deep. Contamination was detected in the vadose zone beneath the 216-S-7 Crib in
Borehole C4557 to a depth of 68.8 m (225.5 ft) bgs. The water table was reached and drilling
was stopped at 226 ft bgs. The maximum contaminant levels (MCL) are found from 7.3 to 7.8 m
(24 10 26.5 f1). A vertical profile plot of the maximum detected contaminant concentrations for
the 216-5-7 Crib is shown in Figure 2-9.
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Tritium reported at 184 pCi/g at 4.4 to 5.2 m (14.5 to 17 fi) bgs was the only radionuclide
detected in shallow soils at greater than 1 pCi/g.

The maximum concentrations of radionuclides dctected in decp soils at concentrations greater
than 1 pCi/g are as follows:

« Am-24] 1,900 pCi/g at 7.3 to 8.1 m (24 t0 26.5 ft) bgs
o Cs-137 20,000 pCi/g at 7.3 to 8.1 m (24 to 26.5 f1) bgs
e Np-237 6.80 pCi/g at 7.3 to 8.1 m (24 to 26.5 ft) bgs

e Ni-63 13.7pCi/g at 7.3 to 8.1 m (24 to 26.5 ft) bgs

o Pu-238 190 pCi/g at 7.3 to 8.1 m (24 to 26.5 ft) bgs

+ Pu-239/240 11,000 pCi/g at 7.3 to 8.1 m (24 to 26.5 fi) bgs
¢ K-40 16.2 pCi/g at 13.4 10 14.2 m (44 10 46.5 ft) bgs
+ Sr-90 53,000 pCi/g at 7.3 10 8.1 m (24 to 26.5 ft) bgs
¢+ Tc-99 14.7 pCi/g at 7.3 to 8.1 m (24 t0 26.5 ft) bgs

+ Th-228 4.78 pCi/g at 7.3 to 8.1 m (24 to 26.5 ft) bgs

e Tritium 1,410 pCi/g at 47.3 10 48.0 m (155 to 157.5 ft) bgs
» U-233/234 230 pCi/gat 7.3 10 8.1 m (24 to 26.5 1) bgs

¢ U-235 25.0 pCi/g at 7.3 to 8.1 m (24 to 26.5 ) bgs

« U-238 200 pCi/gat 7.3 to 8.1 m (24 to 26.5 ft) bgs.

The maximum concentrations of nonradicactive contaminants detected in shaliow soils are as
follows:

e Mercury 1.7mg/kgat4.410 5.2 m (144 t0 17 ft) bgs
* Silver 3.9 mg/kgat4.4t05.2 m(14.4to 17 fi) bgs
» Hexavalent chromium 7.2mg/kgat44t052m(14.4t0 17 ft) bgs.
The maximum concentrations for nonradioactive contaminants in deep soils are as follows:
+ Arscnic 7.09 mg/kg at 47.3 to 48.0 m (155 to 157.5 fi) bgs
« Nitrate 53.0 mg/kg at 38.4 to 39.2m (126 to 128.5 fi) bgs
» Nitrate/nitrite 45.0 mg/kg at 68 10 68.8m (223 t0 225.5 N1) bgs
e Uranium 463 mg/kg at 7.3 to 8.1 m (24 to 26.5 fl) bgs.

Pesticides and herbicides used to kill vegetation on the trench surface were tested foratOto 1 m
(0 to 3 ft) bgs and were detected at very low concentrations (maximum of 1.4 pg/kg), less than
screcning values.,

SGLS detected Cs-137 from the ground surface to 39 m (128 1) in Borchole C4557 with the
maximum concentration at approximately 2 million pCi/g at 7.6 m (25 ft) bgs in depth and the
major concentration zone being between 4.6 and 10.7 m (15 and 35 ft). Also, existing borcholes
in the vicinity of the crib (299-W22-12 [A7837], 299-W22-13 [A7838), 299-W22-14 [A7839],
299-W22-32 [A7851], and 299-W22-33 [A7852]) were logged in SGLS before Borehole C4557
was drilled. Typically, Cs-137, Co-60, U-238, and Eu-154 were the manmade radionuclides
detected by logging in adjacent boreholes. These radionuclides werc detected at considerably
lower concentrations (detection level to 450 pCi from 10.7 to 11.9 m [35 10 39 f]) in

Borcholes A7837, A7838, and A7839 located outside the crib, indicating limited lateral spread of
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contamination beyond the crib boundary. However, Boreholes A7851 and A7852 located in the
crib just to the southecast and the southwest of Borchole C4557 (located in the center of the crib),
respectively, detected Cs-137 at 3,000,000 pCi/g (A7851) and 300,000 pCi/g (A7852) at levels
more closely correlating with Borehole C4557 results. Laboratory samples from

Borehole C4557 indicate much lower peak Cs-137 concentrations of 20,000 pCi/gat 7.3 to 8.1 m
(24 10 26.5 ft) bgs, generally dropping to <760 pCi/g at the 10.4 to 11.1 m (34 to 36.5 f) lcvel
and continuing to drop markedly down the borchole. However, on a relative basis, these results
match the laboratory sample results measured at 8.5 m (28 ft) and 8.4 m (27.5 ft), respectively.
Data from all six SGLS logs and the Borechole C4557 laboratory data clearly show a marked
incrcase in Cs-137 at the erib bottom (about 7.6 m {25 f1]) followed by a marked decrease. Data
from the boreholes within the crib boundaries (C4557, 299-W22-32, and 299-W22-33) also show
a sccond, lower Cs-137, concentration peak at about the 15.3 m (50 ft) level, corresponding to a
layer of silty sandy gravel in ncarby Borehole C4557 (underbed of Hanford Unit 1).

Although some discharges to the 216-S-7 Crib are believed to have been hexone-rich
concentrator wastes, 216-S-7 Crib sampling identified few organics in the soil columm.

Uranium, plutonium, and fission products such as Cs-137 and Sr-90 are present in large
quantities near the crib bed. Concentrations of radionuclides in the borehole at the 20.1 m (66 ft)
level and below are =1.6 pCi/g with the exceptions of the highly mobile contaminants tritium and
Tc-99, which potentially impacted groundwater. The distribution of radionuclides in the soil
column is similar to the distribution in other 200-PW-2 and 200-PW-4 OU sites; concentrations
are greatly elevated at the crib bottom and drop off markedly down the borcholc with the
exception of the highly mobile contaminants.

2.4.2.3.4 Potential for Groundwater Impact

Currently there are no active monitoring wells near the 216-S-7 Crib. However, based on
available monitoring data, this crib likely is not currently impacting groundwater. The closest
active downgradicnt wells are approximately 600 m away and include well 299-W22-79 (ncar
the 216-U-12 Crib). Well 299-W22-79 excceds carbon tetrachloride, tritium, and [-129
standards, and well 299-W22-9 exceeds tritium and [-129 standards. Of older wells existing
adjacent to the crib, only well 299-W22-12 provides groundwatcr quality data, the most recent
being from 1993. These data showed that the primary 200 West Area contaminants (nitrate,
carbon tetrachloride, chromium, Tc-99, uranium, tritium, Sr-90, and gross beta) were below
drinking water standards in 1993 and far below past (1950s through 1970s) levels for nitrate,
gross beta, and tritium, which greatly exceeded standards. Chromium, nitrate, Tc-99, Sr-90, and
tritium plumes exist upgradient to the west of the crib (PNNL-13788). However, PNNL-15070,
Hanford Site Groundwater Monitoring for Fiscal Year 2004, indicates that these plumes
generally do not underlie the 216-S-7 Crib at levels above drinking water standards, with the
possible exception of the carbon tetrachloride plume. However, the 216-S-7 Crib was not a
source of carbon tetrachloride.

2.4.2.4 216-A-10Crib

This scction describes the 216-A-10 Crib, sitc characterization activities, and the nature and
cxtent of contamination found at the site.
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2.4.2.4.1 Description

The 216-A-10 Crib (Figure 2-4) is located in the 200 East Area approximately 82 m (270 ft)
south of the southwest corner of the 202-A Building (PUREX Plant). The rock-filled crib has a
wedge-shaped cross section and is 84 by 14 m (275 by 45 1) at the sisalkrafi layer. The
sisalkraft layer is about 9.2 m (30 1) below grade and 4.6 m (15 ft) from the bottom of the erib.
Elevation at the surface was 218 m (714 ft) (HW-43121, Tabulation of Radioactive Liquid Waste
Disposal Facilities). The original 203 mm (8-in.) diameter vitrified clay distribution pipe was
placed horizontally 9.2 m (30 fi) below grade at the crib centerline. In 1962, the original vitrified
clay pipe was replaced with a 203 mm (8-in.) diameter stainless steel effluent pipeline, because
the acidic waste destroyed the integrity of the original vitrified clay pipe. The replacement pipe
was placed 9 m (27 f) east of the crib centerline. In 1967, some portions of the stainless steel
pipe also werc replaced. For a confi guration diagram of the 216-A-10 Crib, refer to Figure 2-24
of the Work Plan (DOE/RL-2000-60).

The crib was designed as a percolation unit for the disposal of liquid waste from the PUREX
Plant and initially was a spare crib for the 216-A-5 Crib and received only water, The design
capacity for the 216-A-10 Crib was 272,500 L (72,000 gal) per day. From 1956 to 1959, the crib
received 2.34 x 10° L (6.18 x 10" gal) of water. The 216-A-10 Crib replaced the 216-A-5 Crib in
1961, which was the year contaminated liquid wastc began being discharged into the crib
(WIDS). Liquid waste included an acidic waste stream (D002) from the process distillate
discharge from the PUREX Plant (RHO-CD-673).

The crib was inactive from 1978 to 1981. From 1981 to 1986, the crib received acidic process
condensate from the 202-A Building, which resulted in the site being permitted as a RCRA TSD
unit (Section 2.1.3). The crib opcrated until 1987. Aficr operational use ceased, the crib was
backfilled.

The total volume of liquid effluent discharged to the crib was approximately 3.2 x 10° L

(8.5 x 10® gal) (DOE/RL-96-81). The crib reccived tritium, Sr-90 (82.5 Ci), I-129, Am-241
(0.7 Ci), Cs-137 (80.5 Ci), Pm-147, Pu-238, Pu-239, and Pu-241 (350 g total plutonium), and
241 kg (530 Ib) of uranium (DOE/RL-88-19, Information on Hanford Site Cribs and Septic
Systems, and DOE/RL-96-8 1).

2.4.2.4.2 Characterization Activities

Five large-diameter push holes and a borehole were installed for 216-A-10 Crib characterization
(CP-18666). Geophysical logging data were used to determine where Borehole C3247 would be
drilled and sampled in the area of highest contamination in this crib.

C4107 was installed on April 15 and 16, 2003, to a depth 0f 27.8 m (91 ft) bgs.
C4108 was installed on April 185, 2003, to a depth 0of 27.8 m (91 f1) bgs.
C4110 was completed on April 8, 2003, at a depth of 18.3 m (60 ft) bgs.
C4111 was installed on April 9, 2003, to a depth of 27.1 m (89 ft) bgs.

C4112 was installed on April 8, 2003, to a depth of 24.4 m (80 ft) bgs.

Push holes were decommissioned in accordance with WAC 173-160.
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Borchole C3247 was drilled based on geophysical logging data locating the most contaminated
portion of the crib. The borehole was drilled through the 216-A-10 Crib from the ground surface
to the water table beginning on May 15, 2003, and concluding on October 3, 2003, to a drilled
depth of 98.8 m (324 1) bgs.

Drill cuttings and soil samples collected from the borehole were screened in the ficld for volatile
organic constituents, ammonia, TBP, beta-gamma activity, and alpha activity.

A total of 23 samples were sent for analysis, of which 2 were QC samples (equipment blanks)
and 21 were of soil obtained from the borehole from 0.2 to 96.6 m (0.5 to 317 ft) bgs for
chemical and radiological analysis and determination of physical properties. Sample collection
was guided by the sample schedule in the Work Plan (DOE/RL-2000-60). Soil sample
parameters are summarized in Table 2-7 of the RI Report (DOE/RL-2004-25). Geophysical data
from the characterization activitics are presented in the borchole summary report (CP-18666).
Analytical results are presented in Appendix A of the RI Report and are discussed further in the
following section.

2.4.2.4.3 Nature and Extent of Contamination

This scction describes the nature and extent of contamination at the 216-A-10 Crib. When
actively receiving effluent, the crib was about 14 m (45 ft) deep. The effluent discharged to the
216-A-10 Crib was acidic process condensate from the PUREX Plant containing uranium and
nitratc (DOE/RL-2000-60). Contamination was detccted in the vadose zone bencath the
216-A-10 Crib in Borchole C3247 to a depth of 96.1 m (317 ft) bgs for radionuclides. Maximum
concentrations mainly are present in the 15.8 to 18.9 m (52- to 62.5-11) depth interval of the soil
column. A vertical profile plot of maximum detected contaminant concentrations for the
216-A-10 Crib is shown in Figure 2-10.

The maximum radionuclide concentration greater than 1 pCi/g in shallow soils was the naturally
occurring K-40 at 18,7 pCi/g at 3.8 m (12.5 i) bgs. Also detected at concentrations lower than
1 pCi/g was Np-237 detected at 0.043 pCi/g at 3.8 m (12.5 fi).

The following are the maximum concentrations of primary waste strcam radioactive
contaminants detected in deep soils at concentrations greater than 1 pCi/g:

» Am-241 1,320 pCi/g at 15.9 m (52 fi) bgs

« C-14 7.50 pCi/g at 19.1 m (62.5 f) bgs
o Cs-137 2,950 pCi/g at 19.1 m (62.5 ft) bgs
e I-129 38.8 pCi/g at 19.1 m (62.5 fi) bgs
» Np-237 0.132 pCi/g at 19.1 m (62.5 ft) bgs
¢ Ni-63 2.13 pCi/g at 38.9 m (127.5 ft) bgs
e Pu-238 316 pCi/g at 15.9 m (52 ft) bgs

e Pu-239/240 7,110 pCi/g at 15.9 m (52 f1) bgs

« K-40 27.0 pCi/g at 15.9 m (52 ft) bgs

» Ra-228 1.27 pCi/g at 19.1 m (62.5 ft) bgs
e Tc-99 1.03 pCi/g at 19.1 m (62.5 ft) bgs
e Th-228 2.11 pCi/g at 19.1 m (62.5 ft) bgs
o Th-230 1.10 pCi/g at 19.1 m (62.5 ft) bgs
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+ Sr-90 44.7 pCi/g at 38.9m (127.5 f) bgs
e Tritium 835 pCi/g at 96.7 m (317 ft) bgs

o U-233/234 1.39 pCi/g at 19.1 m (62.5 ft) bgs
« U-238 1.22 pCi/g at 19.1 m (62.5 fi) bgs.

Maximum tritium contamination was detected near the soil/groundwater interface.

The following are maximum concentrations of nonradiological contaminants detected in shallow
soils:

+ Boron 0.890 mg/kg at 3.8 m (12.5 ft) bgs
« Beta-1,2,3,4,5,6-hexachlorocyclohexane (B-BHC) 0.07 mg/kg at 0.15 m (0.5 fi) bgs.

The following are maximum concentrations of nonradiological contaminants detected in decp
soils:

¢ 1-Chloropropane 0.38 mg/kg at 15.9 m (52 ft) bgs

» 2-Butoxycthanol 0.025 mg/kg at 19.1 m (62.5 f1) bgs
« Mocthylene chloride 0.029 mg/kg at 19.1 m (62.5 ft) bgs
e Pentachlorophenol 0.020 mg/kg at 19.1 m (62.5 ft) bgs
» TPH —kerosenc 10,000 mg/kg at 16.5 m (54 fi) bgs
- TBP 2,000 mg/kg at 19.1 m (62.5 ft) bgs
« Nitrate/nitrite (as nitrogen) 25.8 mg/kg at 15.9 m (52.0 1) bgs.

Of all the 200-PW-2/200-PW-4 OU sitcs, sampling at this crib reported the widest varicty of
organics detected having maximum concentrations near the 19.1 m (62.5-ft) depth.

Geophysical logging of Borehole C3247 identifies Cs-137 as the primary manmade radionuclide
detected. Cesium-137 was detected from 13.7 m (48 1) bgs, which is the bottom of the crib, to
25.6 m (84 ft) bgs in concentrations ranging from 0.3 to 2800 pCi/g. The maximum
concentration was measured at a depth of 18.8 m (62 ft) bgs and was detected at or near the
MDL (0.3 pCi/g) throughout the vadose zone. The moisturc Jogs show a wetter arca at 18.8 m
(62 ) bgs, corresponding to the peak cesium concentration. The Cs-137 and the low levels of
U-238 found during logging show that logging and laboratory sample data in the same region arc
in good agreement and indicatc natural levels of uranium throughout the entire soil column.

In general, the contaminant distribution model (DOE/RL-2000-60, Figure 3-15) is well
supported by the data, indicating that high contamination is in the 9.1 to 27.3 m (30- to 90-ft) bgs
range; medium contamination is to be found in the 27.3 to 39.4 m (90- to 130-fl) bgs range; and
tritium is a groundwater concern. The volume of effluent discharged, current groundwater
monitoring, and laboratory data also confirm the likelihood that the 216-A-10 Crib impacted

groundwater.
2.4.2.4.4 Potential for Groundwater Impact

The effluent volume (3,210,096 m®) discharged at this site is 114 times greater than the soil pore
volume (28,072 m®), indicating a high likclihood of impact to the groundwater from this site.
The status of the groundwater contamination in the vicinity of the 216-A-10 Crib is comparable
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to that of the 216-A-36B Crib. The cribs are closc to each other and had the same general
wastewater source. Groundwater contamination in the area of thesc cribs is described in
PNNL-13788 and is partially attributed to these two waste sites, The report indicates that
tritium, nitrate as nitrogen, [-129, Sr-90, and gross beta exceed the groundwater protection
standards/guidelines in the vicinity of the crib. Well 299-E17-19 at the 216-A-10 Crib was the
only well in the 200 East Area showing an increase in Mmanganese concentration during FY 2002
(41.7 and 31.1 pg/L), neither of which cxcecds the drinking water standards (50.0 ug/L). The

associated PUREX cribs. However, as with the PUREX cribs and other Hanford Site wells, the
source also might be corrosion of the well screens or casings (PNNL-14187).

2.4.2.5 216-A-36B Crib

This scction describes the 216-A-36B Crib, site characterization activitics, and the nature and
extent of contamination found at the site.

2.4.2.5.1 Description

The 216-A-36B Crib (Figurc 2-4) is located in the 200 East Area about 366 m (1,200 fl) south of
the 202-A Building (PUREX Plant). The surface clevation is about 218 m (715 ), and the
subsurface elevation of the crib is about 210 m (690 f). The gravel-filied crib has bottom
dimensions of 152 m (500 ft) and a width of 3.4 m (11 ). The bottom of the crib is 7.3 m (24 1)
below grade (WHC-EP-01 00, Propertics and Environmental Impact of Ammonia Scrubber
Discharge Waste to the 216-4-36B Crib). A 15 cm (6-in.) diameter perforated pipe was placed
horizontally 7 m (23 1) below grade. For a configuration diagram of the 216-A-36B Crib
(showing both the “A” and “B” segments), refer to Figure 2-25 of the Work Plan
(DOE/RL-2000-60).

The 216-A-36B Crib is the southem 152 m (500 ft) of a longer crib, originally known as the
216-A-36 Crib. The ori ginal crib received liquid effluent from September 1965 to March 1966,
In 1966, the 216-A-36 Crib was reconfigured into two scgments: 216-A-36A and 216-A-36B.
Grout was injected into the gravel layer of the crib to form a barrier between the two segments.
The 216-A-36B Crib was extended southward from the 216-A-36A Crib by inscrting a smaller
diameter pipeline inside the original pipeline, effectively moving the discharge point farther
south into the 216-A-36B Crib and bypassing the 216-A-36A Crib. Discharge to the
216-A-36B Crib resumed in March 1966. Operations continued untjl October 1972, when the
crib temporarily was removed from service. In May 1970, about 14,000 Ci were discharged to
the crib from a leaking valve in the scrubber drain to the catch tank. The crib was placed back in
scrvice in November 1982 for the restart of the PUREX Plant and remained active until the
spring of 1987.

During operational use, the 216-A-36B Crib received ASD waste, a state-only toxic dangerous
waste (WTO02) from the 202-A Building (RHO-CD-673). The ASD waste contained Am-241
(0.2 Ci), Co-60, Pu-239 (258 g), 5r-90 (1,310 Ci), tritium, Sn-1 13, I-129, Cs-137 (1,200 Ci),

Pm-147, and U-238 (262 kg). Chemical ASD contaminants included ammonium fluoride,
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been in operation at the crib since May 1988. Usc of the crib was discontinued in the spring of
1987, and the crib was backfilled (BHI-00121, 216-4-36B Crib Supplemental Information to the
Hanford Facility Contingency Plan (DOE/RL-93-75)). No stabilization actions have taken place
at the waste site.

2.4.2.5.2 Characterization Activities

Borcholes C3248 and C4160 were drilled for characterization of the 216-A-36B Crib. Drilling
commenced in Borehole C3248 on July 1, 2003, and met refusal at a depth of 8 m (26 f1) bgs,
resulting in abandoning the attempt and decommissioning the borehole. Soil samples were taken
to a depth of 7.3 m (24 i) bgs before borehole decommissioning. Borehole C4160 was dritled
from the ground surface to the water table at a depth of approximately 85 m (278 ft). Drilling of
Borchole C4160 began July 2, 2003, and was completed September 9, 2003.

Geophysical logging (CP-18666, Appendix F) was performed between August 5 and
Scptember 2, 2003, for Borchole C4160 using the SGLS, HRLS, and NMLS.

Drill cuttings and soil samples collected from the borchole were screened in the field for
indications of contamination. Samples werc screened for volatile organic constituents, ammonia,
TBP, beta-gamma activity, and alpha activity.

Thirty-two samples representing Borcholes C3248 and C4160 were scnt for chemical and
radiological analysis and determination of physical properties. Two were QC samples
(cquipment blanks) and the remainder (30) were soil samples obtained from the boreholcs from
0.2t097.1 m(0.5t0318.5 f1) bgs. Four of the soil samples were from Borchole C3248, and the
remainder were from Borehole C4160. Sample collection was guided by the sample schedule in
the Work Plan (DOE/RL-2000-60). Soil sample parameters arc summarized in Table 2-4 of the
RI Report (DOE/RL-2004-25). Data from geophysical logging activitics are presented in the
borchole summary report (C -18666). Analytical results are presented in Appendices A and B
of the RI Report and are discussed further in the following section.

2.4.2.5.3 Nature and Extent of Contamination

This section describes the nature and extent of contamination in the 216-A-36B Crib. Effluent
discharged to the 216-A-36B Crib was ammonia scrubber waste from the PUREX Plant
(DOE/RL-2000-60). When actively receiving effluent, the crib was about 7.6 m (25 ft) decp.
Contamination was detected in the vadose zone beneath the 216-A-36B Crib in Borehole C4160
to adepth of96.5 m (318.5 f1) bgs. Maximum radionuclide contaminant concentrations are
present in the crib to a depth of 87.1 m (287.5 fi) bgs. A vertical profile plot of maximum
detected contaminant concentrations for the 216-A-36B Crib is shown in Fi gure 2-11,

No radionuclide concentrations exceeded 1 pCi/g in shallow soils,

The following are maximum concentrations of primary waste stream radionuclides that were
detected in deep soils at concentrations greater than 1 pCi/g:

* Am-241 40,000 pCi/g at 7.6 m (25 1) bgs
 Bi-214 1.27 pCi/g at 16.3 m (53.5 1) bgs
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e C-14 116 pCi/g at 7.6 m (25 i) bgs

« (Cs-137 2,650,000 pCi/g at 7.6 m (25 ft) bgs
+ Co-60 623 pCi/g at 7.6 m (25 ft) bgs

e« Eu-154 1,800 pCi/g at 7.6 m (25 f) bgs

e Pb-212 1.37 pCi/g at 16.3 m (53.5 f1) bgs
e Pb-214 1.23 pCi/g at 16.3 m (53.5 ft) bgs
e Ni-63 181,000 pCi/g at 7.6 m (25 ft) bgs
o Pu-239/240 98,000 pCi/g at 7.6 m (25 ft) bgs
« K-40 19.4 pCi/g at 16.3 m (53.5 f) bgs
+ Ra-226 1.27 pCi/g at 16.3 m (53.5 1) bgs
+ Ra-228 1.15 pCi/g at 16.3 m (53.5 ft) bgs
» Total radioactive strontium 208,000 pCi/g at 7.6 m (25 ft) bgs
e Tc-99 41.9 pCi/g at 7.6 m (25 ft) bgs

e« Th-230 11.4 pCi/g at 9.2 m (30 ft) bgs

s« Th-232 4.84 pCi/gat 7.6 m (25 i) bgs

e Th-234 1.58 pCi/g at 89.1 m (292 ft) bgs
e Trntium 121 pCi/g at 87.7 m (287.5 ft) bgs
« U-233/234 81.2 pCi/g at 9.2 m (30 ft) bgs

o U-235 3.29 pCi/g at 7.6 m (25 &) bgs

o U-236 4.54 pCi/g at 7.6 m (25 f) bgs

e U-238 70.9 pCi/g at 7.6 m (25 ft) bgs.

Radioactive contaminants at the 216-A-36B Crib arc markedly elevated at the 7.6 m (25-1t) bgs
depth (i.e., base of the crib); the concentration decreases again at 12.1 m (40 ft) bgs. From
15.2 10 18.2 m (50 10 60 ft) bgs, the concentrations rise again. This pattern is true of Am-241,
C-14, Co-60, Cs-137, Ni-63, Pu-239/240, Tc-99, $r-90, and all uranium isotopes plus tota!
uranium. This pattern is consistent with the conceptual contaminant distribution model in the
Work Plan (DOE/RL-2000-60, Figure 3-16).

The high levels of Pu-239/240 and Am-241 in waste sample B17487 indicate the possibility that
some of the soil from this crib might be designated as transuranic waste if removed.

Soil samples were collected in 1988 and reported in the Work Plan (DOE/RL-2000-60) and the
200-UW-1 FFS (DOE/RL-2003-23, Focused F. easibility Study for the 200-UW-1 Operable Unit)
from Borehole 299-E17-55 (located in the crib). Radionuclides analyzed for were Cs-137,
Co-60, Am-241, and U-235. The maximum concentrations of these radionuclides were at 9.2 m
(30 1) and closely correlate with current analytical sample data:

» Am-241 48,100 pCi/g at 9.2 m (30 ft) bgs

o Cs-137 3,280,000 pCi/g at 9.2 m (30 ft) bgs
e« Co-60 1,025 pCi/g at 9.2 m (30 i) bgs

o U-235 1,225 pCi/g at 9.2 m (30 ft) bgs.
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The maximum concentrations for the nonradioactive contaminants detected in shallow sotls are
as follows:

e Silver 3.12 mg/kgat 3.8 m (12.5 1) bgs
¢ Chromium (total) 8.85 mg/kg at 3.8 m (12.5 1) bgs.

Pesticides and herbicides used to kill vegetation on the surface of the crib were tested for at
0.15 m (0.5 ft) bgs and were not detccted.

The maximum concentrations of the nonradioactive contaminants detected in deep soils are as
follows:

e Ammonia (as nitrogen) 58.2 mg/kg at 16.3 m (53.5 ft) bgs

e Chromium (total) 23.5 mg/kg at 60.2 m (197.5 ft) bgs
+ Bismuth 91.4 mg/kg at 9.2 m (30 ft) bgs

« Nitrate (as nitrogen) 289 mg/kg at 16.3 m (53.5 1) bgs

o Nitrate/nitrite (as nitrogen) 287 mg/kg at 16.3 m (53.5 ft) bgs

» Nitrite (as nitrogen) 18.8 mg/kg at 7.6 m (25 ft) bgs

e Total uranium 36.8 mg/kg at 9.2 m (30 ft) bgs

» Isophorone 0.50 mg/kg at 60.2 m (197.5 f}) bgs.

Ammonia (as nitrogen) was reported at 40 to 60 mg/kg at 16.2 m (53.5 ft) bgs as expected at
sites receiving ammonia scrubber waste. Fluoride (from ammonium fluoride) did not exceed
background for this sitc.

Soil samples collected in 1988 also were analyzed for a limited number of nonradiocactive
constituents from Borchole 299-E17-55 located inside the crib and from five borcholes
(299-E17-14, 299-E17-15, 299-E17-16, 299-E17-17, and 299-E17-18) located adjacent to the
crib. Sample results showed nitrate concentrations (as nitrogen) ranging between 0.021 and

9.40 mg/kg and maximum ammonia concentrations (as nitrogen) were 23.5 mg/kg, consistent for
sites recciving ammonia scrubber waste.

Higher (approximately 50 mg/kg) nickel detects at 7.3 to 7.6 m (24 to 25 ft) bgs, which at this
depth do not exceed groundwater protection screening levels, are surrounded by
below-background detects of from 4 to 19 mg/kg. The high detects likely arc related to the large
amounts of Ni-63 in this region of the borehole. Besides nickel and uranium, no other metal
shows the distinctive distribution pattern of contamination at 7.6 m (25 ft) bgs.

Geophysical logging (CP-18666, Appendix F) was performed for Borehole C4160 using the
SGLS, HRLS, and NMLS. Cesium-137 and Co-60 were the only manmade radionuclides found
in the borehole, and laboratory sample results correlate well for both constituents. SGLS data
show a maximum concentration of 2,000,000 pCi/g at 8.2 m (27 ft) bgs, decrcasing at greater
depths as with the analytical data. The Co-60 was detected between 11.6 and 18.3 m (38 and

60 ft) bgs and sporadically to 35.4 m (116 ft) bgs. Also, SGLS logging of Borchole 299-E17-9,
located within the adjoining 216-A-36A Crib, identified similar contamination distribution
pattemns in the 216-A-36A Crib.
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Characterization data from scintillation logs collected from 1965 to 1977 from wells 299-E17-3,
299-E17-11, and 299-E17-51 show a vertical profile of gamma activity suggesting that
contamination in the 216-A-36A Crib might extend to 73 m (240 ft) (DOE/RL-2000-60).
Moisture logging as confirmed by laboratory sample data from Borchole C4160 shows arcas of
increased wetness at approximately 87.6 m (289 ft) bgs, 9.2 m (30 ft) above the water table,
correlating with a higher Th-232 concentration and suggesting a less porous, clay-like material at
this depth.

Geophysical logging results and previous (1988) soil sampling generally correlate well with
analytical data confirming maximum concentration at 7.6 m (25 ft) bgs, decreasing at greater
depths, and are consistent with the conceptual contaminant distribution modcl for the
216-A-36B Crib (sce Figure 3-16 of the Work Plan [DOE/RL-2006-60]). The volume of
effluent discharge and current groundwater monitoring data confirm the contaminant distribution
model indicating that the 216-A-36B Crib impacted groundwater.

2.4.2.5.4 Potential for Groundwater Impact

The effluent volume (318,080 m®) discharged at this site is almost 20 times the soil pore volume
(16,327 m’), indicating a high likelihood that this site impacted groundwater. Groundwater
contamination in the vicinity of the 216-A-36B Crib is attributed to the crib as described in
PNNL-13788. The report indicates that tritium, nitrate as nitrogen, 1-129, Sr-90, and gross beta
exceed the groundwater protection standards/guidelines in the vicinity of the crib.

High nitrate concentrations continuc to be found near liquid waste-disposal facilitics that
reccived effluent from PUREX Plant opcrations, although overall nitrate concentrations
generally are decreasing with time. The maximum nitrate concentration detected near the
PUREX Plant in FY 2002 was 52.6 mg/L in well 299-E17-9, which is adjacent to the
216-A-36B Crib (PNNL-14187).

The maximum Sr-90 concentration detected in FY 2002 was 21 pCi/L in a well (299-E17-14)
near the 216-A-36B Crib and gencrally has been rising in this well since 1997 (PNNL-14187).

During FY 2002, the water level in well 299-E17-9 ncar the 216-A-36B Crib dropped to a level
too low for sampling. Substitute well 299-E17-16, located southcast of well 299-E17-9, docs not
intercept the groundwater contamination plumes in a location where concentrations are as high

as the well 299-E17-9 location (PNNL-14187).
2.4.2.6 207-A South Retention Basin

This section describes the 207-A South Retention Basin, basin characterization activities, and the
nature and extent of contamination found at the site.

2.4.2.6.1 Description

The 207-A-South Retention Basin (Figure 2-5) is one of tvo RCRA TSD units in the

200-PW-4 OU and is located in the 200 East Area directly east of the 242-A Evaporator. The
207-A South Retention Basin, also known as Process Condensate Basins 1, 2, and 3 (i.c., PC-1,
PC-2, and PC-3), began operations in March 1977. The 207-A South Retention Basin consists of
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three concrete cells, each with a 264,979 L (70,000-gal) design capacity, for a total capacity of
794,937 L (210,000 gal). The bottom dimension of each cell is 16.8 m (55 ft) long, 3 m (10 fi)
wide at the bottom, and 2.1 m (7 ft) decp. All three cells were coated 1o prevent constituents
from penetrating the concrete. For a configuration diagram of the 207-A South Retention Basin,
refer to Figure 2-26 of the Work Plan (DOE/RL-2000-60).

The 207-A South Retention Basin was used for the interim storage of the 242-A Evaporator
process condensate to allow for sampling and analysis before the condensate was discharged to
the 216-A-37-1 Crib for disposa! to the soil column. Discharge of 242-A Evaporator process
condensate to the 207-A South Retention Basin was terminated on April 12, 1989, when the
242-A Evaporator process condensate was determined to contain dangerous waste regulated
under WAC 173-303. The waste was considered a dangerous waste, because the waste was
derived from a waste containing spent halogenated and nonhalogenated solvents (Waste

Codes F001, F002, F003, F004, and F005) and because of the toxicity of ammonia (WT02,
state-only, toxic, dangerous waste). The basin was emptied and cleaned out in September 1989
and no longer is in use.

2.4.2.6.2 Characterization Activities

To collect soil boring and concrete samples, three push holes were made: C4113 in the west cell,
C4114 in the middle cell, and C4115 in the east cell. C4114 (middle cell) and C4115 (east cell)
were drilled using a combination of Guzzler! and hand-auger methods. At each sample interval,
a hand auger was used to collect soil, and the Guzzler was used to advance the hole to the next
interval, with the final interval at 3.8 to 4.1 m (12.5 to 13.5 ft) bgs. Geophysicat logging data
were not collected for the 207-A South Retention Basin, because this type of logging is not
effective in the 4.2 m (14-ft) shallow push hole at this site. The conceptual contaminant
distribution model for this site (DOE/RL-2000-60) indicates that contamination is unfikely to be
present at about 4.5 m (15 f1) bgs, because the coated concerete effectively protected the soi! from
contamination,

Samples were collected from the concrete basin and clastomeric lining, borings of the soil
beneath the lining to a depth of 4.2 m (14 fi) bgs, and composite samples of the soil (blowing)
and the water (precipitation) from the basin used for waste-designation purposcs, not site
characterization. A total of 44 samples were sent for analysis, 4 of which were QC (equipment
blanks). Soil and concrete samples were screened in the field for volatile organic constituents,
ammonia, TBP, beta-gamma activity, and alpha activity.

Composite samples of residual soil and water runoff were taken from the cast, middle, and west
cells in the 207-A South Retention Basin and analyzed for a small suite of analytes: mectals,
gross alpha, gross beta, pH, a limited number of radionuclides, and total organic carbon.
Risk-based screening for human health and ecological and residual radioactivity was not
performed on the composites. Analytical results are in the RI Report (DOE/RL-2004-25,
Appendix B).

'Guzzler is a trademark of Guzzler Manufacturing, Inc., Streator, Illinois.
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Nine concrete samples, threc from cach basin, were taken and submitted for analysis. The
concrete samples were analyzed for paramcters identified in the RI Report, Table 2-6. Organics

A total of 29 soil samples were obtained from the borcholes in the 3 cells (cast, middle, and west
cells) from 0.3 to 4.1 m (1.0 10 13.5 1) bgs for chemical and radiological analysis and
dctermination of physical properties. Sample collection was guided by the sample schedule in
the Work Plan (DOE/RL-2000-60). Soil sample parameters are summarized in Table 2-6 of the
RI Report (DOE/RL-2004-25). Residual concentrations of pesticides and herbicides were tested
at0.3 10 0.6 m (1 to 2 fi) bgs. Data from characterization activities are presented in the borchole
summary report (CP-18666). Analytical results are presented in Appendix A of the RI Report
and are discussed further in the following section.

2.4.2.6.3 Nature and Extent of Contamination

This scction describes the nature and extent of contamination in the 207-A South Retention
Basin, which stored process condensate from the 242-A Evaporator containing mixed waste from
spent halogenated and nonhalogenated solvents, and ammonia (DOE/RL-2000-60). For the
207-A South Retention Basin, a vertical profile plot of contaminants is shown in Figure 2-12.

Soil samples detected relatively little radionuclide contamination in the vadose zone beneath the
207-A South Retention Basin, consistent with the conceptual contaminant distribution model
(DOE/RL 2000-60, Figure 3-17). Maximum contaminant concentrations are nearly all present in
the top 1.8 m (6 i) of the borchole, and concentrations are low at MDA,

Maximum concentrations of radiological and chemical contaminants are present in
Borchole C4115 (east cell), except for Sr-90 having a maximum concentration at
Borchole C4114 (middle cell) from0.3t02.1 m (1 to 7 f1) bgs.

The following are maximum concentrations of primary waste stream radionuclides detected in
shallow soils at concentrations greater than 1 pCi/g:

e Ac-228 1.L10pCi/gat 1.8t0 2.1 m (6to 7 ft) bgs
e (s-137 1.07 pCi/g at 0.3 to 0.6 m (1 to 2 ft) bgs
¢ Pb-212 L18 pCi/gat 1.8 to 2.1 m (6 to 7 ft) bgs
*+ Ra-228 1.10pCi/gat 1.8t0 2.1 m (6to 7 ft) bgs
 Th-230 1.26 pCi/g at 0.3 t0 0.6 m (1 to 2 ft) bgs
« Th-234 3.16pCi/gat0.6t0 1m (2 to 3 f1) bgs

+ Total radioactive strontium  1.40 pCi/gat0.3t0 0.6 m (1 to 2 ft) bgs
o Tritium 166 pCi/gat 1.8t0 2.1 m (G to 7 ft) bgs.

Also detected in site soils was Nb-94 at 0.032 pCi/g at 0.7 m (2.3 f1) bgs and Ra-226 at
0.859pCi/fgat1.8t0 2.1 m (6 to 7 f) bgs.
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The following are maximum concentrations of nonradiological contaminants detected in shallow
soils:

* Arsenic . 9.98 mg/kgat 1.8 10 2.1 m (6 to 7 f1) bgs
» Butyl benzyl phthalate 10 pgkgat 0.3100.6m (102 ft) bgs
* Nitrate/nitrite as nitrogen 20.9mg/kgat 0.6to Im(2t0 3 fi) bgs

o Silver 5.0l mg/kgat1.8t02.1 m (6 to 7 f1) bgs
* 24-dichlorophenoxyacetic acid 7.1 pg/kg (Borchole C4115) at 0.3 to

0.6 m (1 to 2 fi) bgs
* 2-(2,4,5-trichlorophcnoxy) propionic acid 3.3 ug/kg (Borchole C4114) at 0.3 to
0.6 m (1 to 2 ft) bgs,

Concrete sample results showed organics related to the composition of the elastomer and TBP in
small amounts. However, none exceeded screening levels. The RI Report (DOE/RL-2004-25,
Appendix B) contains the concrete analytical data. Sample parameters related to the elastomer
basin lining (¢.g., xylenes, all benzene derivatives, cresols, naphthalenc and jts derivatives,
isopherone, other ketones) and fuel-related residuals (e.g., dicsel, gasoline, motor oil, and
octadccanc) were not detected in the soil beneath the basin.

Separate composite samples of residual soil and water runoff were taken from the cast, middle,
and west cells in the 207-A South Retention Basin for waste-disposal purposes. Gross beta was
found at 15 pCi/L in the water; gross alpha was found at 2 pCi/L. Total organic carbon was
measured at 18.9 mg/L. Risk-based screening for human health and ccological impacts and
residual radioactivity was not performed on the composilcs.

Analytical data confirm the conceptual contaminant distribution model for the 207-A South
Retention Basin (DOE/RL-2000-60, Figure 3-17), indicating that contamination is unlikely to be
present at more than about 4.5 m (15 ft) bgs, because the coated concrete effectively protected
the soil from contamination,

2.4.2.6.4 Potential for Groundwater Impact

The basin was not a disposal unit. The basin was designed 1o hold liquids for disposal at the
216-A-37-1 Crib (DOE/RL-2000-60). Groundwater monitoring (PNNL-14187) is consistent
with the conceptual contamination model and docs not report exceedances of any groundwater
parameters in wells near this waste site.

2.4.2.7 216-A-37-1 Crib

This section describes the 216-A-37-1 Cnib, site characterization activities, and the nature and
extent of contamination found at the site.

2.4.2.7.1 Description

The 216-A-37-1 Crib (Figure 2-5) is one of two RCRA TSD units in the 200-PW-4 QU. This
sitc is located outside the 200 East Area perimeter fence about 610 m (2,000 ft) cast of the
202-A Building. The gravel-filled crib has bottom dimensions of 213 m (700 ft) longand 3 m
(10 ft) wide. A 25.4 m (10-in.) diameter galvanized steel distribution pipe was placed 2.1 m
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(7 N) below grade along the centerline of the crib. The pipc was covered with a gravel and sand
covcer before backfill was used to fill the crib to the surface elevation. A valve station is at the
south end of the crib, and a vent is located at the north end. The valve station is inside the crib
perimeter fence and has surface radiation warning signs and a light chain barricade. For a
configuration diagram of the 216-A-37-1 Crib, refer to Chapter 2.0, Figure 2-27, of the Work
Plan (DOE/RL-2000-60).

The 216-A-37-1 Crib began operation in March 1977 and was used to percolate the

242-A Evaporator process condensate to the soil column. The process design capacity of
327,000 L (86,400 gal) per day was based on the daily output of the 242-A Evaporator process
condensate discharged to the crib. Discharge of the evaporator process condensate to the crib
was terminated on April 12, 1989, when evaporator process condensate was determined
potentially to be a mixed waste regulated under WAC 173-303. The crib is out of scrvice and
will be closed under interim status.

The site received 377,000,000 L (99,590,000 gal) of 242-A Evaporator process condensate,
thought to contain Am-241, Cs-137, tritium, 1-129, Pm-147, Pu-239, Ru-106, Sn-1 13, and Sr-90.

Wells 299-E25-19 and 299-E25-20 monitor this sitc and indicatc an increasing and decreasing
tritium activity, respectively. The nitrate concentration remains at two to five times the drinking
waler standards. A surface radiation survey, performed in 1991, did not detect contamination,

2.4.2.7.2 Characterization Activities

Drilling of Borchole C4106 commenced May 29, 2003, and was completed June 24,2003. The
borchole was drilled to a total depth of 84.8 m (278 1) bgs, and the water table was found at
84.1 m (277.5 ft) bgs,

Geophysical logging was performed for this borehole using the SGLS and the NMLS between
April 30 and May 12, 2003. Data and additional details from the 216-A-37-1 Crib
characterization activitics are presented in the borchole summary report (CP-18666, Appendix F)
and in the RI Report (DOE/RL-2004-25).

Drill cuttings and soil samples collected from the borehole were screened in the field for volatile
organic constituents, ammonia, TBP, beta-gamma activity, and alpha activity and to assist with
determining discrete sample locations or depths, to support worker health and safety, and for
sample shipping information.

Thirty samples were analyzed. Two were QC samples (equipment blanks}, and the remainder
(28) were obtained from borehole material from 0.2 10 83.1 m (0.5 to 272.5 ft) bgs for chemical
and radiological analysis and determination of physical properties. Sample collection was
guided by the sample schedule in the Work Plan (DOE/RL-2000-60). Soil sample parameters
are summatized in Table 2-2 of the RI Report (DOE/RL-2004-25). Data from the
characterization activities are presented in the borehole summary report (CP-18666). Analytical
results are presented in Appendix A of the RI Report and discussed further in Scction 2.5.
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2.4.2.7.3 Nature and Extent of Contamination

This section describes the nature and extent of contamination in the 216-A-37-1 Crib. The
216-A-37-1 Crib reccived process condensate waste from the 242-A Evaporator, containing
mixed waste from spent halogenated and nonhalogenated solvents and ammonia. When actively
receiving effluent, the crib was about 2.4 to 4.3 m (8 to 14 ft) deep. For the 216-A-37-1 Crib, a
vertical profile plot of maximum detected contaminant concentrations is shown in Figure 2-13.

Radionuclide contamination was detected in the vadose zone beneath the 216-A-37-1 Crib in
Borehole C41006 to a depth of 83.1 m (272.5 ft) bgs. Maximum radionuclide concentrations are
present from 3.8 to 14.4 m (12.5 to 47.5 ft) bgs.

The following arc maximum concentrations for the primary waste stream radionuclides detected
in shallow soils at concentrations greater than 1 pCi/g:

» Total radioactive strontium 1.70 pCi/g at 3.8 m (12.5 ft) bgs
e Tritium 134 pCi/g at 3.8 m (12.5 i) bgs.

Cesium-137 also was detected in shallow soils at 0.113 pCi/g at 3.8 m (12.5 fi) bgs.

The following arc maximum concentrations for primary waste stream radionuclides detected in
deep soils at concentrations greater than 1 pCi/g:

e Ni-63 14.4 pCi/g at 11.4 m (35.5 fi) bgs
« K-40 9.15 pCi/g at 83.1 m (272.5 ft) bgs
e Total radioactive strontium 1.70 pCi/g at 3.8 m (12.5 ft) bgs

¢ Tritium 267 pCi/g at 14.5 m (47.5 f}) bgs.

The following are maximum concentrations for the nonradioactive contaminants detected in
shallow soils:

e Barium 0.165 mg/kg at 3.8 m (12.5 ft) bgs
» Boron 0.510 mg/kg at 3.8 m (12.5 ft) bgs
e Acectone 0.013 mg/kg at 3.8 m (12.5 ft) bgs
e Bis(2-cthylhexyl)phthalate 2.1 mg/kgat 3.8 m (12.5 ) bgs

» TBP 0.045 mg/kg at 3.8 m (12.5 fi) bgs.

Pesticides and herbicides used to kill vegetation on the surface of the crib were tested for at
0.15 m (0.5 ft) bgs and were not detected. The maximum ammonia (as nitrogen) concentration
was 266 mg/kg at 3.8 m (12.5 ft) bgs, which does not exceed screening levels for shallow soils.

The following are maximum concentrations of the nonradioactive contaminants detected in decp
soils:

e Aluminum 15,000 mg/kg at 22.1 m (72.5 ft) bgs
o Barium 0.193 mg/kg at 29.7 m (97.5 ft) bgs
« Cobalt 15.9 mg/kg at 22.1 m (72.5 ft) bgs

e Mangancse 652 mg/kg at 22.1 m (72.5 ft) bgs
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» Nitrate as nitrogen 385 mg/kg at 3.8 m (12.5 f) bgs
» Nitrate/nitrite as nitrogen 489 mg/kg at 3.8 m (12.5 fit) bgs
e Thallium 1.54 mg/kg at 29.7 m (97.5 i) bgs.

Geophysical logging was performed for Borehole C4106 using the SGLS and the NMLS.
Cesium-137 was the only manmade radionuclide detected and was observed at the surface and
again between 2.7 and 11.0 m (9 and 36 ft) bgs, at concentrations ranging from 0.2 to 30 pCi/g,
with the maximum concentration measured at 3 m (10 ft) bgs (CP-18666, Appendix F).
Geophysical logging also was performed in 2003 in wells 299-E25-17 (A6301), 299-E25-19
(A4765), and 299-E25-20 (A4767), and Cs-137 was the only manmade radionuclide detected in
these locations also. Cesium-137 was detected sporadically and only at concentrations near the
MDL (0.2 pCi/g), indicating low potential for lateral spread of contamination. Neutron moisture
logging showed low moisture levels from 21.4 to 32.6 m (70 to 107 ft) bgs, consistent with
analytical data reporting concentrations of Cs-137 near MDL at these depths,

Logging data compared relatively well with laboratory sample data. Sampling showed low
levels for Cs-137 from Borehole C4106 with only two results above the MDA: one located
at 3.8 m (12.5 fi) bgs at 0.113 pCi/g (MDA of 0.014) and the second located at 5.3 m

(17.5 ft) bgs at 0.018 pCi/g (MDA 0f 0.012).

The conceptual contaminant distribution model for this site (DOE/RL 2000-60, Figurc 3-18)
indicates that high contamination might be expected from 3.3 to about 9.2 m (11 to 30 ft) and
medium contamination might be expected from 9.1 to about 12.1 m (30 to 40 ft) bgs. The
characterization data corrclate well with this model. Laboratory data, the volume of effluent
discharged, and groundwater monitoring data confirm the conceptual contaminant distribution
model (DOE/RL-2000-60, Figure 3-18), identifying the likelihood that the 216-A-37-1 Crib
impacted groundwater,

2.4.2.7.4 Potential for Groundwater Impact

The effluent volume discharged (377,011 m’) at this sitc is almost 24 times the soil column pore
volume (15,879 m?) beneath the crib. These data indicate that this site could have impacted
groundwater. The status of groundwater contamination at the crib is described in PNNL-13788.
The report indicates that there are two plumes (I-129 and tritium) near the crib
(DOE/RL-2000-60). PNNL-14187 does not report exceedances of any groundwater parameters
in wells associated with this waste site.

2.5 EVALUATION OF ANALOGOUS WASTE
SITES

This section identifies the rationale used for alignment of representative and analogous
200-PW-2 and 200-PW-4 OU waste sites and presents the analogous site groupings.

The 200-PW-2 and 200-PW-4 OUs represent 2 of the 23 process-based Waste Site Grouping
OUs in the 200 Areas. The Implementation Plan (DOE/RL-98-28) initially sclected four sites of
the 200-PW-2 OU (216-A-19 Trench, 216-B-12 Crib, 216-U-8 Crib and 216-U-12 Crib [RCRA
TSD unit)) and two sites of the 200-PW-4 OU (216-A-37-1 Crib and 207-A South Retention
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Basin [both RCRA TSD units]) for characterization. These sites were selected as becing
representative or othenwise presenting bounding conditions for the remaining, uncharacterized
sitcs. The 216-U-8 Crib and 216-U-12 Crib, which initially were 200-PW-2 OU sites,
subsequently were reassigned to the 200-UW-1 OU and were replaced with the 216-A-10 and
216-A-36B Cribs, both of which are RCRA TSD units. The list of 200-PW-4 OU rcpresentative
waste sites has not changed. The findings from representative waste site investigations arc
extended to apply to remaining sites in the waste group (analogous sites), taking into account site
similarities including waste stream, discharge history, geology, and available characterization
data. This approach reduces the amount of characterization and cvaluation required to support
remedial action decision-making and facilitates earlier remedy selection and cleanup.
Confirmatory sampling of the analogous sites after remedy selcction may be required and will be
built into the remedial design planning to demonstrate that analogous conditions exist.

2.5.1 Rationale for Assignment of Representative and
Analogous Waste Sites

The rationale uscd to align potential analogous waste sites 1o the representative waste sites
compares important characteristics of representative and potential analogous sites, including the
following:

» Waste stream received

» Volume of efflucnt received in relation to the avajlable pore volume for the waste site
» Types and amounts of contaminants received; contaminant inventory

e Waste site size

» Waste site configuration and construction (e.g., crib, trench, UPR)

» Expccted distribution of contaminants/naturc and extent of contamination

» Neighboring waste sites, structures, or utilitics

* Geologic setting

 Potential for hydrologic and contaminant impacts to groundwater.

Figure 2-14 shows the process for evaluating the analogous sitcs against the representative waste
sites from the risk assessment through confirmatory sample design. For cach analogous site, the
following criteria and site characteristics were used to identify the representative waste sitc as a
similar or as a bounding condition.

1. Configuration criteria compare the representative and analogous waste site construction,
size, and depth.

2. Waste stream origin identifies the source facility and compares representative and
analogous waste site overall volume of effluent received.

3. Contaminant inventory compares the type and quantity of contaminants received and
potentially remaining at the waste site.

2-46



DOE/RL-2004-85 DRAFT A

4. Geology compares the location of the representative and analogous wastc sites with regard
to Hanford Site arca location (200 East or 200 West Arca) and proximity.

5. Extent of contamination compares the representative waste site depth of discharge with
the analogous site anticipated depth of discharge, given effluent volume as a hydraulic
driver, duration of operations, contaminant mobility, and volume of efflucnt relative to
soil-pore volume.

6. Impact to groundwater compares potential groundwater impact of the representative to the
analogous waste site with regard to volume of effluent received, effluent discharged
rclative to soil-pore-volume ratio, overall contaminant inventory, and/or current
groundwater monitoring or modeling information.

Table 2-2 identifics the analogous sites aligned with each representative waste site and
information supporting the alignment rationale.

2.5.2  Analogous Site Groupings

This scction summarizes the rationale for alignment of representative and analogous waste sites
as detailed in Tablc 2-2. The 216-A-37-1 Crib is listed on Table 2-2 as a standalone site

(i.e., represents no analogous sitc) and was characterized for purposcs of RCRA TSD unit
closure (Section 2.4).

2.5.2.1 216-A-19 Trench and Analogous Waste Sites

The 216-A-19 Trench is a representative waste site for the following analogous sites:

* 216-A-18 Trench « 216-A-34 Ditch

* 216-A-20Trench 216-A-22 French Drain
s 216-S-8 Trench s 216-A-28 Crib

s 216-A-1Crnb ¢ UPR-200-E-17

e 216-A-3Crib e UPR-200-E-145

216-A-18 Trench, 216-A-20 Trench, and 216-S-8 Trench. The three analogous trenches
(216-A-18, 216-A-20, and 2 [6-S-8) are all unlined trenches, although their sizes vary

(i.e., 216-A-18 Trench is larger and the 216-S-8 Trench is larger and deeper). They received the
same or similar waste streams over a short operating period (i.e., during PUREX and REDOX
startup activities), having uranium as the primary contaminant and some fission products. Thesc
sites received similar or smaller quantities of the primarily and more mobile contaminants
uranium and nitrates and similar quantities of Cs-137 and Sr-90 than the representative waste
site. The 216-A-18 and 216-A-20 Trenches are located in the 200 East Area, as is the
representative waste site and, although the 216-S-8 Trench is located in the 200 West Area, their
geologics should be sufficiently similar for an analogous determination. As unlined trenches, the
depth of waste discharge for all is cxpected to be similar or bounded by the 216-A-19 Trench,
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which generally received greater effluent overall or greater effluent relative to size and pore
volume and contains greater or equal inventories of the primary radionuclide uranium, and
nitrate. These sites had little potential to have impacted groundwater.

216-A-1 Crib and 216-A-3 Crib. The analogous cribs, 216-A-1 Crib and 216-A-3 Cnib, also
are unlined disposal sites of the same approximate size and depth, but are specific retention cribs,
not trenches. The contaminant inventory of primary waste stream radionuclides generally is lcss
or only slightly grcater than the representative waste site (c.g., uranium was less, plutonium was
slightly higher, less or no nitrates). These sites also are located in the vicinity of PUREX in the
200 East Area, and their geology is similar. The contamination distribution should be similar
and should correlate with the conceptual contaminant distribution model, because both received
similar contaminants at low volumes relative to soil-pore volume, and the major zone of
contamination will be near the trench bottom. These sites also have little likelihood to have
impacted groundwater, because the 216-A-1 Crib effluent discharge volume is well below pore
volume and the 216-A-3 Crib, although exceeding soil-pore-volume ratio at this site, had a lower
contaminant inventory of mobile contaminants (i.c., morc mobile nitrates were not discharged to
this site in significant quantitics).

216-A-34 Ditch. The analogous 216-A-34 Ditch also is a long, narrow unlined excavation that
is shallower (1.8 m vs, 4.6 m [6 ft vs. 15 f]) than the representative waste sitc. Both sites
received PUREX waste streams. This site received the lower activity contact condenser waste
and had no reportable contaminant inventory, whereas the 216-A-19 Trench received PUREX
startup waste containing a significant inventory of radionuclide contaminants. Both arc
colocated in the 200 East Area and have the same geology. The extent of contamination is
bounded by the 216-A-19 Trench, because this site is shallower and likely received less efflucnt,
having a significantly lower activity level. This site has no reasonable potential to have
contaminated groundwater.

216-A-22 French Drain and 216-A-28 Crib. The analogous 216-A-22 French Drain and
216-A-28 Crib also arc unlined excavations that arc smaller than the representative waste site
and arc shallower or esscntially the same depth as the 216-A-19 Trench. Both sites also received
liquid waste from PUREX opcrations containing primarily uranium, but the effluent volume and
contaminant inventory are smaller in comparison to that received by normal process
waste-disposal sites such as the 216-A-19 Trench. Uranium and nitrate inventories were
identified for the 216-A-28 Crib. However, no contaminant inventory was devcloped for the
216-A-22 French Drain. These sites are located near PUREX in the 200 East Arca and have
similar gcology. Both sites reccived far less effluent relative to pore volume and, with no
reported inventory of other radionuclides other than uranium, these drains have no reasonable
potential to have impacted groundwater.

UPR-200-E-17 and UPR-200-E-145. Analogous waste sites UPR-200-E-17 and
UPR-200-E-145 are surface spills that can be equated to discharges to bare soil although
accidental, limited in volume, and not purposeful disposal. These are smaller and shallower
arcas contaminated by spills of liquid waste from PUREX opcrations that contained uranium and
no significant quantities of other radionuclides. No volume of effluent or contaminant inventory
has been assigned to these releases. It is unlikely that contaminant distribution at these sites is
ncarly as extensive as the 216-A-19 Trench. Both UPR sites are located in the same portion of
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the 200 East Arca, and their geology is the same. As UPRs and not enginccered disposal sites,
these sites received essentially only uranium oxide and much less effluent than the

216-A19 Trench and are bounded regarding the extent of contamination. These sites have no
reasonable potential to have contaminated groundwater.

2.5.2.2 216-B-12 Crib and Analogous Waste Sites

The 216-B-12 Crib is a representative waste site for the following analogous sites:

» 216-B-60 Crib 216-C-10 Crib
s 216-C-3 Crib ¢ 270-E-1 (Neutralization Tank)

+ 216-C-5Crib o 209-E-WS-3 (Valve Pit and
Hold-Up Tank)

e 216-C-7Crib e UPR-200-E-64

216-B-60 Crib, 216-C-3 Crib, 216-C-5 Crib, 216-C-7 Crib, and 216-C-10 Crib. The
analogous 216-B-60, 216-C-3, 216-C-5, 216-C-7, and 216-C-10 Cribs are all drain-ficld-type
cribs, except the 216-B-60 Crib, which is round steel caissons. Although constructed different] y
than the 216-B-12 Crib box construction, all discharged to soil. All are gencrally smaller and/or
shallower. These sites reccived PUREX waste streams containing the same primary
radionuclides at significantly lower inventories and making the representative waste site a
bounding condition. All sites received 201-C Building process condensate from C Plant
operations involving REDOX and PUREX startup waste, except that the 216-B-60 Crib was used
for a single cell drain residual cleanout campaign and all received significantly Iess effluent.
These sites all are located in the west portion of the 200 East Arca, and their geology is similar.
These sites have smaller effluent volume and a smaller effluent to pore volume ratio. Contrary
to the represcntative waste site that likely impacted groundwater, these sites had little potential to
have impacted groundwater,

270-E-1 Neutralization Tank and 209-E-WS-3 Valve Pit and Hold-Up Tank. The analogous
270-E-1 and 209-E-WS-3 sites are both metal neutralization and waste storage tanks (with
209-E-WS-3 also having an associated concretc valve pit), as opposcd to being unlined disposal
sites. Both tanks acted as a conduit to their respective disposal sites, the 216-B-12 Crib and the
216-C-7 Crib, respectively. As waste conduits with no known history of leaks, the effluent
volume received is inconsequential, and the sites have no developed soil column contaminant
inventory, These tanks potentially contain residues and residual waste that could not drain from
the tank during normal operations. Because such residual waste and waste rcleased from the
tank, if any, would be shallower, of much smaller quantity, and would contain similar
constituents, the 216-B-12 Crib is bounding for these tanks (and tank removal areas) for extent of
contamination. Both sites are in the 200 East Area, and their geology is the same and generally
not a consideration. Without a known history of spills or reported contaminant inventory, neither
has any reasonable potential to have impacted groundwater.

UPR-200-E-64. The analogous UPR-200-E-64 waste sitc is a near-surface speck contaminatjon
(not a disposal structure) that, although it is larger in surface area, is shallower (now 0.6 m [2 1]
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deep since the sitc was stabilized) than the representative waste site. This site did not receive
effluent but instead received the same waste constituents in the form of contaminated residucs
tracked to the surface by ants and then spread by wind, accounting for the current site size. As
near-surface (0.6 10 1 m [2 to 3 ft] deep) speck contamination, the contaminant inventory is
minimal, shallow, and bound by the 216-B-12 Crib. This site also is located in the 200 East
Area, making their geology similar. This speck contamination area has no potential to have
impacted groundwater.

2.5.2.3 216-A-36B Crib and Analogous Waste Sites
The 216-A-36B Crib is a representative waste site for the 216-A-36A Crib and UPR-200-E-39.

216-A-36A Crib. The analogous 216-A-36A Crib physically adjoins the 216-A-36B Crib and is
similar in construction, waste stream received, contaminant inventory, effluent volume received,
and potential to have impacted groundwater. The CERCLA action will address the

216-A-36A and 216-A-36B Cribs as a single site. This site also is anticipated to have similarly
high levels of Pu-239/240 and Am-241, suggesting the possibility that some of the soil from this
crib also has a potential to designate as transuranic waste upon removal. As essentially twin
sites, both sites have a similarly high likelihood of having impacted groundwater, based on high
effluent volume, high effluent volume relative 1o soil-pore volume, and the existence of
moderately to highly mobile contaminants in the waste strcam (uranium, Sr-90, and nitrates).

UPR-200-E-39. Analogous site UPR-200-E-39 also is a discharge to soil but was a single
accidental discharge primarily to blacktop that was then hosed down to adjacent gravel. It
constituted a much smaller area (63 m? [676 ft2]) of contamination than the representative waste
site and is shallower, because the quantity of contaminants spilled to the soil relative to the
disposal site was insignificant. A conservative assumption is that contamination penctrated the
soil column to a depth of 1 m (3 fi) (given that contaminant transport only would be driven by
natural precipitation). The waste stream also is the same waste discharged to the

216-A-36B Crib but, as a onc-time accidenta! release from sample equipment, it would be much
smaller in volume and diluted by the responsc action (hose-down of the asphalt pad). Both sites
arc in the 200 East Arca, and the geology at these locations is similar. The extent of
contamination is bounded by the representative waste site crib, and this site has no rcasonable

potential to affect groundwater.
2.5.2.4 216-A-10 Crib and Analogous Waste Sites

The 216-A-10 Crib is a representative waste site for the following analogous sites.

e 216-C-1Crib

e 216-A-5Crib

s 216-A-45Crib

e 200-E-58 (Neutralization Tank)
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216-C-1 Crib, 216-A-5 Crib, and 216-A-45 Crib. The analogous 216-C-1, 216-A-5, and
216-A-45 Cribs are all gravel-bottomed, drain-field-type cribs that are generally smaller and are
shallower or of similar depth (216-A-45 Crib). All of these sites received the same PUREX
202-A Building process condensate, consisting of acidic process waste containing uranium and
fission products, except that all sites reccived significantly less effluent and essentially
equivalent or smaller inventories of the same primary radionuclides and nitrate. These sites are
all located in the 200 East Arca and have similar geology. Effluent quantitics exceeded site pore
volume at all sites, with the 216-A-5 and 216-C-1 Cribs significantly overwhelming their
respective soil-pore volumes and containing significant quantities of mobile contaminants, which
suggests a high potential for these sites to have impacted groundwater. The 216-A-45 Crib
received significantly less effluent volume that only slightly exceeded soil-pore capacity and had
2 low inventory of the more mobile contaminants uranium and nitrate, suggesting a lower
potential to have impacted groundwater,

200-E-58 Neutralization Tank. The analogous 200-E-58 Neutralization Tank is a burted metal
waste tank that acted as a conduit for waste going 1o the 216-A-10 Crib and was not an unlined
subsurface liquid waste-disposal site. At approximately 4.9 m (16 R) decp, this site is 6 m (20 f1)
shallower than the representative waste site crib and is much smaller. The tank received the
same 202-A Building (PUREX Plant) waste that went to the 216-A-10 Crib. The tank was only
a waste conduit with no known history of spills, and so it has no identified contaminant
inventory, the tank site waste inventory being limited to waste that could not drain from the tank
under normal operating conditions and waste residucs on internal tank surfaces. Both sites arc
located in the 200 East Area, and the geology of the two locations is the same. There is no
known history of spills but, if any, they would be smaller and shallower than the representative
disposal site and would be so limited in nature that no rcasonable potential exists for
groundwater contamination from this tank.

2.5.2.5 207-A South Retention Basin

The 207-A South Retention Basin is a representative waste site for the 200-W-22 stabilization
arca (also known as 203-S/205-S Stabilized arca).

200-W-22. The analogous 200-W-22 waste site also is an underground radioactive material
arca, having contaminated below-grade concrete structures with associated buried pipclincs,
although this site contains substantially more buried materials. The buried sitc materials arc
anticipated to be contaminated with residues of constituents from the REDOX UNH processing
facilitics, primarily uranium and low levels of incidental fission products. The representative
basins contain waste from the 242-A Evaporator, which processed DST waste containing UNH
process contaminants. As storage and processing facilities, neither site has a developed
contaminant inventory. This site is located in the 200 West Area, and the 207-A South Retention
Basin is located in the 200 East Arca. However, because contamination from structures at both
sites is expected to be shallow (upper 3m [10 &), and the geology for the 200 East and 200
West Areas is essentially the same in the upper 3 m (10 ft), the geology for these sites is similar.
Becausc substantial migration of waste residues on buried structures is not anticipated, neither
site has any reasonable potential to have impacted groundwater.
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2.5.2.6 216-S-7 Crib and Analogous Waste Sites

The 216-S-7 Crib is a representative waste site for the following analogous sites:

¢ 216-S-1&2 Cribs « UPR-200-W-36

e 216-S-22Crib e 216-S-4 French
Drain

e 216-5-23 Crib e 216-T-20 Trench

216-S-1&2 Cribs, 216-S-22 Crib, and 216-S-23 Crib. The analogous 216-S-1&2, 216-5-22,
and 216-S-23 Cribs are all retention cribs that are smaller and either shallower (216-S-22 Crib)
or only somewhat deeper (216-S-1&2 and 216-S-23 Cribs) than the representative waste site.
All sites received REDOX process condensate waste (216-S-1&2 and 216-8-23 Cribs reccived
202-S cell drainage), and the 216-S-22 Crib reccived 293-S Building waste but in significantly
less volume. All sites received REDOX waste streams having the same primary radionuclides
and chemicals (nitrates and sodium). All of these sites received significantly lower volume of
effluent, have smaller soi! contaminant inventories (except for 216-S-1&2 Cribs, which contain
more plutonium and Cs-137, but less uranium, Sr-90, and nitrates), and contain less of the more
mobile contaminants (uranium, Sr-90, and nitratcs). All either excecded pore volume to a lesser
degree (216-S-1&2 Cribs and 126-5-23 Crib) or did not exceed site pore volume

(216-S-22 Crib). Thesc sites all are esscntially colocated in the 200 West Arca, making their
geology similar. The 216-S-1&2 Cribs likely impacted groundwater, given that the efflucnt
discharge to this site excceded its pore volume significantly and dircctly discharged to
groundwater (UPR-200-W-36). The 216-S-23 Crib had a more limited potential to have
impacted groundwater, given the relatively low volume of effluent received, the low effluent to
pore volume ratio, the predominance of low mobility contaminants in the waste stream, and the
low quantity or absence of high-mobility contaminants in the waste stream (e.g., uranium and
nitrates). The 216-S-22 Crib likely did not impact groundwater, given the very low volume of
cffluent received, the low effluent discharged relative to pore volume ratio, and the low
contaminant inventory.

UPR-200-W-36. The analogous UPR-200-W-36 sitc is a failed groundwater monitoring well
casing located within and at the east end of the 216-S-1&2 Cribs that sent crib wastc dircctly to
groundwater. The contamination is expected to be limited to the failed well casing and affected
groundwater. The site has no developed contaminant inventory. This site received the same
waste stream as the 216-S-1&:2 Cribs, which also is bounded by the 216-S-7 Crib. Although the
volume of effluent discharged is unknown, it is known that the effluent went directly to
groundwater and, thercfore, this site impacted groundwater.

216-S-4 French Drain. The analogous 216-S-4 French Drain is a site for liquid waste disposal
to the soil column that is 6 m (20 ft) deep, but this site is much smaller than the representative
waste site. This site also received REDOX-related waste, so waste stream constituents
potentially are the same, but the volume of waste received at this site is so low that a
contaminant inventory was not established. Both sites also are located in the 200 West Arca, and
their geology is similar, Although this site is the same depth, and the effluent volume excecded
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its pore volume, the site received far less effluent overall and has a smaller efflucnt to pore
volume ratio, suggesting that this site likely did not impact groundwater.

216-T-20 Trench. The analogous 216-T-20 Trench also is an unlined disposal site but is much
smaller and shallower and was a single-use pit. Although 216-T-20 Trench waste was from the
T Plant, and the 216-S-7 Crib waste was from the S Plant (REDOX), both plants at this time
were using the same bismuth/phosphate plutonium scparation process, so the waste is expected
to be similar. As a single-use pit, the site reccived a significantly smaller quantity of effluent.
Both sites received nitrates and the same primary radionuclides (except plutonium), but this site
received these constituents in much smaller quantities. This site is likely to have received
plutonium but in such small quantities that a contaminant inventory was not established. Both
sites arc located in the 200 West Arca, and their geology is similar. The extent of contaminant
distribution is bounded by the representative waste site and, because of the much smaller size
and depth (4 ft vs. 20 fi deep), the small relative quantity of waste received, and the low efflucnt
volume, this site had no potential to impact groundwater.

2.6  SUMMARY OF RISK ASSESSMENT

The bascline human-health risk assessment (HHRA) evaluated potential adverse health effects
from nonradiological and radiological contaminants in representative waste site soils. The
representative waste sites include the 216-A-19 Trench, 216-B-12 Crib, 216-S-7 Crib,

216-A-10 Crib (TSD) and 216-A-36B Crib (TSD) of the 200-PW-2 OU and the 216-A-37-1 Crib
(TSD) and 207-A South Retention Basin (TSD) of the 200-PW-4 OU. The HHRA identified risk
to human receptors, ecological receptors, and groundwater. An evaluation of potential risk to
intruders also was evaluated. A Native American scenario was not considered, becausc the land
usc inside the 200-PW-2 and 200-PW-4 OUs industrial (exclusive) zone does not include a
subsistence scenario.

The HHRA identified COPCs that could pose unaceeptable risk and/or dose conscquences and
that therefore require consideration by the FS. The OU COPCs for the RI characterization
sampling activity were identificd in the Work Plan (DOE/RL-2000-60, Table 3-7 for the
200-PW-2 OU and Table 3-8 for the 200-PW-4 OQU). The stated scope of this risk asscssment
process, as indicated in the RI Report, was to identify from this list of constituents only those
COPCs that the FS process will further refine down to a list of COCs. Analytical data used in
the assessment include shallow and deep-zone soil geophysical logging and sample results.
Analytical data were screened to identify COPCs in accordance with EPA, DOE, and Ecology
guidance. The COPCs that exceeded the risk-based screening levels, unless information is
available justifying their elimination, are considered COCs requiring a remedial decision. The
risk assessment results support detailed and comparative analysis of remedial alternatives
(Chapters 6.0 and 7.0) and remedial alternative rccommendations (Chapter 8.0) for the COCs.
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The following is a summary of these assessments and their use in the FS.

RISRES]:;:‘::: oor FS Application* D'ss:::;;':" Comments
Human-health assessment | Supports setting cleanup levels 262 Conceptual exposure model
(industrial land-use formulated for shallow-zone soils,
scenario) Otod6m(0to151f1)

Ecological assessment Identifies risk to terrestrial 2.6.3 Screcning-Icvel ecological risk
wildlife receptors and associated assessment performed. Compares
mitigating actions to support contaminants in shallow-zone soils,
remedial decision making 0Oto 4.6 m(0to 15 1) with

concentration protective of
terrestrial populations

Groundwater protection Identifics risks to groundwater 2.6.4 Screcning-level and detailed

assessment from soil contaminants and soil analysis performed (if indicated by
cleanup levels protective of screening-level analysis) for
groundwater to support remedial deep-zonce soils (zero to water table)
decision making

Intruder scenario Identifies risk to an inadvertent 2.6.5 Risk 10 a future (150 years from
intruder, given failure of present) potential intruder are
institutional controls to support calculated
decision making

*Kicin, K. A., D. R. Einan, and M. A. Wilson, 2002, “Consensus Advice #132; Exposure Scenarios Task Force on the
200 Arca,” and HAB 2002, Report of the Exposure Scenarios Task Foree.

The risk-screening processes, criteria, and initial risk assessment screcning results are detailed in
the RI Report (DOE/RL-2004-25) and summarized in Appendices D and A (216-S-7 Crib) of
this FS. Further evaluation of contaminants carricd forward to the FS from the RI Report

(Table 4-39 and Tablec 6-1) as COPCs is contained in Sections 2.6 and 2.7 and Appendix E of
this FS. The final list of COCs is presented in Table 3-1.

For purposes of risk evaluation, a contaminant exposure scenario requires a complete exposure
pathway. For the pathway to be complete, a contaminant source; mechanism for contaminant
release and transport; exposure point (location where receptor would come in contact with
contaminant); exposure route (receptor exposure method); and a receptor (exposed population)
are requircd. In the absence of any one of these components, an exposure pathway is considered
incomplete and, by definition, no risk or hazard exists. The conceptual exposure model for the
waste sites is presented in Figure 2-15.

As a portion of the exposure pathway, the risk assessment process considered points of
compliance (POC) for human and ecological receptors as the location within the site where a
particular receptor could be exposed to contaminants. For the human health and ecological risk
assessment, the POC is shallow-zone soils (0 to 4.6 m [0 to 15 ft] bgs)

(WAC 173-340-740(6)(d), “Unrestricted Land Use Soil Cleanup Standards,” “Point of
Compliance™) from which sample data are collected and evaluated. This is considered a
reasonable depth of soil that would be excavated and disturbed as a result of development
activitics and is decper than the maximum depth of intrusion by biota. For the groundwater
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protection and intruder assessment, the POC is decp-zone soils, defined as soils from throughout
the site (i.e., surface to groundwater table) (WAC 173-340-740(6)(c)).

2.6.1 Tri-Parties Framework

The Tri-Partics (DOE, EPA, and Ecology) developed a framework for risk assessments in the
200 Areas Central Platcau. This process included a series of workshops with representatives
from the Tri-Parties, Hanford Advisory Board (HAB), Tribal Nations, the State of Oregon, and
other interested stakeholders. The workshops focused on the different programs involved in
activities in the 200 Arcas Central Plateau and the need for a consistent application of risk
asscssment assumptions and goals. The results of the risk framework are documented in

HAB 132, “Exposure Scenarios Task Force on the 200 Area™; in the Tri-Parties response to the
HAB advice (Klein et al. 2002, *“Conscnsus Advice #132: Exposure Scenarios Task Force on the
200 Area™); and in the Report of the Exposure Scenarios Task Force (HAB 2002). The
following items provide the risk framework description from the Tri-Parties’ response to the
HAB, which serves as a basis for RI risk asscssment activities.

The Core Zone (200 Arcas including the B Pond [main pond] and S Ponds) will have an
industrial (exclusive) land use for the foresecable future.

The Core Zone will be remediated and closed, allowing for “other uses” consistent with
an industrial scenario (environmental industries) that will maintain active human
presence in this area, which in tum will enhance the ability to maintain the institutional
knowledge of wastes left in place for future generations. Exposure scenarios used for this
zone should include a reasonable maximum exposure to a worker/day user, to possible
Native American users, and to intruders.

The DOE will follow the required regulatory processes for groundwater remediation
(including public participation) to establish the points of compliance and RAQs. Itis
anticipated that groundwater contamination undcr the Core Zone will preclude beneficial
usc for the foresceable future, which is at least the period of waste management and
institutional controls (150 years). It is assumed that the tritium and I-129 plumes beyond
the Core Zone boundary will exceed the drinking water standards for the period of the
next 150 to 300 years (less for the tritium plume). It is cxpected that other groundwater
contaminants will remain below, or will be restored to, drinking water levels outside this
zone.

No drilling for water use or otherwise will be allowed in the Core Zone. An intruder
scenario will be calculated for assessing the risk to human health and the environment.

Waste sites outside the Core Zone, but within the Central Plateau (200N, Gable Mountain
Pond, B/C Crib Controlled Area), will be remediated and closed based on an evaluation
of multiple land-use scenarios to optimize land use, institutional control cost, and
long-term stewardship.

2-55



DOE/RL-2004-85 DRAFT A

» Anindustrial 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, espccially for:

~ The post-institutional controls period (>150 ycars)
— Sites near the Core Zone perimeter, to analyze opportunitics to “shrink the sitc™
- Early (precedent-sctting) closure/rcmediation decisions

» This framework does not address the tank retrieval decision.

2.6.2 Human-Health Risk Assessment

This scction summarizes the HHRA (direct-contact) results for chemical and radiological
constituents at each representative waste sitc. Based on the current understanding of land-use
conditions in the vicinity of these sites, the most plausible exposure pathway for characterizing
human-hcalth risks is the industrial land-use scenario. The industrial land-use sccnario is the
baseline for evaluation in this FS as agreed by the Tri-Parties. Because of the risk framework
assumption of an industrial-use scenario (Section 2.6.1, item 1), only the shallow-zone soil, from
010 4.6 m (0to 15 f) bgs was considered in the assessment for direct exposure of chemical and
radiological constituents. Chemical and radiological contaminants requirc separate methods for
risk asscssment.

The general methodology for the nonradiological risk assessment is to compare the soil
concentrations to risk-based concentrations (RBC). Nonradiological constituents consider
exposure through the dircct-contact pathway (incidental soil ingestion and dermal contact)
inhalation of dust and vapors in ambient air and do not assume use of groundwater for drinking
water purposes. Nonradiological soil concentrations are compared to RBCs that arc equivalent
to a maximum excess lifetime cancer risk (ELCR) of 107 for carcinogens and/or hazard quotient
(HQ) of 1.0 for noncarcinogens. RBCs exist for direct exposure to soil and for exposure to
suspended soil particles in the air. Exposurc assumptions and methodology used for developing
the WAC 173-340 Method C RBCs for direct contact with soil and for inhalation of dust and
vapors under the industrial land-use scenarios arc provided in WAC 173-340-745, “Soil Clcanup
Standards for Industria! Properties” and WAC 173-340-750, “Cleanup Standards to Protect Air
Quality,” respectively. Risk assessment screening used RBCs calculated by Ecology based on
the WAC 173-340 mcthodology and reported in Ecology 94-145, Cleanup Levels and Risk
Calculations under the Model Toxics Control Act Cleanup Regulation; CLARC, Version 3.1
(CLARC). For somc constituents with available toxicity information but not listed in CLARC,
RBCs were calculated based on methodology provided in WAC 173-340-745.

Radiological concentrations are modeled with a computer code to determine radiation dose and
ELCR based on industrial land use. The risk assessment for radiological constituents was
performed using the RESidual RADioactivity code (RESRAD) Version 6.21 analysis

(ANL 2002, RESRAD for Windows). This modeling obtained risk and dose estimates from
direct-contact exposure to radiological constituents present in the shallow zone. RESRAD inputs
includc OU-spccific data collected during the RI; state and Hanford Site-specific data from other
sources; EPA risk assessment guidance (EPA/540/R-92/003, Risk Assessment Guidance for
Superfund: Volume I - Human Health Evaluation Manual (Part B. Development of Risk-Based
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Preliminary Remediation Goals), Interim, Publication 9285.7-01B; and RESRAD defaults. The
industrial-use scenario assumes exposure from external gamma radiation, inhalation, and
soil-ingestion pathways. The dose and risk limit suggested by EPA for guiding radiological
cleanup is 15 mrem/yr, which generally equates to an estimated ELCR of 1 x 10™, For
comparative purposcs, the risk and dose estimates are based on exposure times of 50 years
(Iength of time the DOE will have an on-sitc presence) and 150 ycars (estimated time that
institutional controls will remain effective).

Groundwatcr at the waste sites is not used for drinking water purposes in the industrial land-usc
scenario. However, RAOs (Chapter 3.0) require no further degradation of groundwater.
Consequently, the potential for contaminants to migrate from soil to groundwater was evaluated.
Soil contamination impacts 1o groundwater arc calculated assuming groundwater ingestion and
equate to achievement of the Federal drinking water standards (MCLs). The groundwater
protection assessment is documented scparately in Section 2.6.4.

Exposurc estimates for current and future industrial workers to nonradionuclides and to
radionuclides at the representative waste sites arc based on assumptions and input parameters
documented in Appendix D, Table D-3 of this FS for nonradionuclides and Tables D-6 and D-7
(216-S-7 Crib) for radionuclides.

2.6.2.1 Human-Health Assessment Results for Nonradionclides

For comparison to WAC 173-340-745 Method C direct-contact soil risk-based cleanup levels,
the maximum COPC concentrations from shallow-zone soils were used. For all seven waste
sitcs, the maximum concentrations of all constituents in shallow soil are below their respective
industrial site soil RBCs. Detailed screening results are provided in Appendix D, Table D-4.

For comparison against ambient-air risk-based standards, inhalation of dust, or organic vapors,
the maximum concentrations in shallow-zone soils werc compared to WAC 173-340-750
Mcthod C ambient-air cleanup levels for the industrial exposure scenario. The maximum soil
concentrations for each contaminant were converted to an air concentration based on a
particulatec emission factor or a volatilization factor, depending on the contaminant. The
ambient-air concentrations then were compared to their respective RBCs. No contaminant
maximum soi! concentrations in the seven representative waste sites and TSD units from the
200-PW-2 and 200-PW-4 OUs exceeded ambient-air RBCs. Detailed screcning results arc
provided in Appendix D, Table D-5.

2.6.2.2 Human-Health Assessment Results for Radionuclides

Evaluation of radiological constituents in shallow-zone soil (for the industrial worker
direct-contact exposure pathway) was conducted based on site cover conditions represented in
the “cover” and “no-cover” scenarios. The cover scenario is considered representative of current
site conditions, because it accounts for the risk and dose shielding effect of existing relatively
clean cover over the waste site (i.e., original decp backfill material or clean stabilization material
added later to prevent intrusion and/or mitigate contaminant migration). The no-cover
evaluation method is considered representative of worst case conditions; it assumes that no clean
cover is present over the top of the representative waste site (i.e., the exposure-point
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concentration is representative of the entire shallow zone). It also is considercd the most
stringent condition.

Exceptions to these evaluations occurred for the 216-A-36B, 216-A-10, 216-B-12, and

216-S-7 Cribs. No direct-exposure scenario (either cover or no cover) was run for the
216-A-36B Crib, because the depth of clean fill was great (7.6 to 9.2 m [25 to 30 fi]) and
removal of the cover by erosion or accidental excavation is implausible precluding the
human-health exposure pathway. The cover scenario was not run for the 216-A-10, 216-B-12,
and 216-S-7 Cribs, because even though the fill depth was great (6.4 to 9.2 m [21 to 30 fi]), the
fill material itself was slightly contaminated, so the contaminated fill material was conservatively
evaluated as if no clean cover existed.

The dosc and risk, with or without a clean cover (the most stringent scenario), do not exceed the
15 mrem/yr above background standard for dircct exposure for any of the representative waste
sites and TSD units. Detailed dose and risk results predicted by RESRAD modeling are
provided in Appendix D, Tables D-8 and D-9. Detailed RESRAD results arc provided in
Appendix D, Tables D-8 (dose/no cover), D-9 (risk/no cover), D-10 (dosc/cover), and D-11
(risk/cover).

2.6.3 Screening-Level Ecological Risk Assessment

The ecological risk assessment consists of a screcning-level ecological risk assessment (SLERA)
to tdentify chemical and radionuclide contaminants of ecological concern. This process equates
to steps 1 and 2 of EPA’s ecological risk assessment process [EPA/540/R-97/006, Ecological
Risk Assessment Guidance for Superfund: Process for Designing and Conducting Ecological
Risk Assessments (Interim Final)]. The SLERA is followed by a more detailed FS evaluation to
determine whether remedial actions are necessary (Scctions 2.6.6 and 2.6.8). Within the
industrial usc framework, the SLERA compares the shallow-zone concentrations in the
represcentative waste sites and TSD units with soil concentrations thought to be protective of
terrestrial wildlife populations.

For nonradiological contaminants, the protective soil concentrations arc ecological indicator soil
concentrations from WAC 173-340-900, “Tables,” Table 749-3 and methods described in

WAC 173-340-7490, “Terrcstrial Ecological Evaluation Procedures.” Also considered were
ecological soil screening levels developed by EPA (EPA 2003, Guidance for Developing
Ecological Soil Screening Levels, OSWER Directive 9285.7-55).

For radiological contaminants, the protective soil concentrations are biota concentration guides
(BCG) taken from DOE-STD-1153-2002, A Graded Approach for Evaluating Radiation Doses
lo Aquatic and Terrestrial Biota, and DOE/EH-0676, RESRAD BIOTA: A Tool for

Implementing a Graded Approach to Biota Dose Evaluation.

Appendix D, Tables D-12 (nonradionuclides) and D-13 (radionuclides), identify screening
results for the seven representative waste sites. Initial screening results identified concentrations
of at lcast one contaminant at all representative waste sites as exceeding screening levels thought
to be protective of terrestrial populations or no screening level existed, thus requiring further FS
evaluation or remedial action. As indicated below, after further FS evaluation (Section 2.6.6),
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these chemical and radiological contaminants were removed as potential ecological COCs,
except as noted.

207-A South Retention Basin. Arscnic and silver initially exceeded their ecological soil
indicator concentrations. No ecological soil indicator concentrations exist for
2,4-dichlorophenoxyacetic acid, 2-(2,4,5-trichlorphenoxy) propionic acid, and
butylbenzyl phthalate. No radiological constituents exceeded the screening level, but no
BCG exists for Nb-94 and Th-230. After further evaluation (Section 2.6.6), thesc
contaminants were removed as ecological COCs,

216-A-10 Crib. Boron exceeded its ecological soil indicator concentration used by the
risk assessment. No ecological indicator soil concentration exists for
beta-1,2,3,4,5,6-hexachlorocyclohexane. No radiological constituents exceeded the
screening levels, but no BCG exists for Np-237 and K-40. After further FS evaluation
(Section 2.6.6), these contaminants were removed as ecological COCs,

216-A-19 Trench. Boron, uranium, and vanadium exceeded their ecological soil
indicator concentrations. No ecological soil indicator concentrations exist for TBP and
bis(2-cthylhexyl)phthalate (also called di-octyl phthalate). No radiological contaminant
exceeded the screening levels, but no BCG exists for Ni-63. After further FS evaluation
(Section 2.6.6), all the contaminants except uranium were removed as ecological COCs.

216-A-36B Crib. Silver exceeded its ecological soil indicator concentration. However,
no radiological constituents excecded the ecological screening levels. After further FS
evaluation (Section 2.6.6), this contaminant was removed as an ecological COC.

216-A-37-1 Crib. Barium and boron exceeded their ecological soil indicator
concentrations. No indicator concentrations exist for acetone, bis(2-ethylhexyl)phthalate,
and TBP. No radiological constituents exceeded the ecological screening levels. After
further FS cvaluation (Section 2.6.6), these contaminants were removed as ccological
COCs.

216-B-12 Crib. Arscnic and boron exceeded their ecological soil indicator
concentrations. No ecological indicator concentrations exist for
bis(2-ethylhexyl)phthalate, However, no radiological constituents exceeded the
screening levels. No BCG exists for Th-230 and Sn-126. After further evaluation
(Scction 2.6.6), these contaminants were removed as ecological COCs.

216-8-7 Crib. Table D-12 identified silver as exceeding its plant value ecological
indicator soil concentration. However, silver did not exceed its ecological soil indicator
value for terrestrial wildlife as the applicable screening value. No ecological soil
indicator concentration exists for hexavalent chrome. No radiological constituents
exceeded the ecological screcning levels. After further evaluation (Sections 2.6.6), these
contaminants were removed as ecological COCs.
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2.6.4 Protection of Groundwater Assessment and
Results

The industrial-use framework of the risk assessment (Section 2.6.1, items 1 and 4) precludes use
of groundwater in the 200 Arcas for drinking purposcs. However, RAOs (Chapter 3.0) requirc
no further degradation of groundwater. The potential for contaminants to migrate from soil to
groundwater was evaluated for impact to groundwater through ingestion of groundwater
calculated for comparison to drinking water standards (MCLs).

The exposure assumptions and methodology used for deriving soil concentrations for
groundwatcr protection are provided in WAC 173-340-747. Maximum soil concentrations of
nonradiological constituents for protection of groundwater in the industria! land-use scenario
were screened against the WAC 173-340-747 RBCs provided in the CLARC tables

(Ecology 94-145). Nonradiological impacts to groundwater are provided as concentrations for
comparison to the MCLs of EPA’s drinking water standards in 40 CFR 141, “National Primary
Drinking Water Regulations.”

Radiological impacts to groundwater are provided as dosc rates from drinking water for
comparison to the EPA drinking water standards of 4 mrem/yr and 1 x 10® ELCR (40 CFR 141).
For radionuclides, RESRAD modeling was used to calculate groundwater impacts. The
RESRAD model also was used to obtain risk and dose estimates associated with the groundwater
pathway, based on contaminants in soils throughout the site. The rcsults obtained from the
RESRAD model for the groundwater protection model are limited to screening purposcs only,
consistent with DOE and EPA guidance. For some waste sites, RESRAD modecling was
extended beyond 1,000 years to 1,500 years if dose and risk beyond target values were predicted
to occur beyond this time period. The FS conservatively retains for further consideration the risk
and dose levels modeled beyond the 1,000-year modeling period for discussion regarding
remedial decision making.

An analysis using more detailed process modeling of flow and transport using the Subsurface
Transport Over Multiple Phases (STOMP) code developed by the Pacific Northwest National
Laboratory (PNNL) (PNNL-12030, STOMP, Subsurface Transport Over Multiple Phases,
Version 2.0, Theory Guide) was not decemed nccessary for investigation of 200-PW-2 and
200-PW-4 OU waste sites. Modeling conducted previously at other 200 Areas sites for
nonradioactive constituents (e.g., 200-TW-1 and 200-TW-2 OUs [DOE/RL-2002-42, Remedial
Investigation Report for the 200-TW-1 and 200-TW-2 Operable Units (Includes the
200-PW-5 Operable Unit)] and the 200-CW-5 OU [DOE/RL-2003-11, Remedial Investigation
Jor the 200-CW-5 U Pond Z Ditches Cooling Water Group, the 200-CW-2 8 Pond and Ditches
Cooling Water Group, the 200-CW-4 T Pond and Ditches Cooling Water Group, and the
200-CS-1 Steam Condensate Group Operable Units]) consistently has indicated breakthrough to
the water table for constituents with soil-water partition coefficients (K4) of zero to one. PNNL
has documented that constituents with Kys of 40 L/kg or greater are effectively immobile in the
vadose zone and groundwater (PNNL-11800, Composite Analysis for Low-Level Waste Disposal
in the 200 Area Plateau of the Hanford Site). For some constituents that excecded groundwater
thresholds in the scrcening phase, additional modeling only would have served to restate
previous findings.
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2.6.4.1 Nonradiological Groundiwater Protection Screcning Results

Decep-zone soil maximum concentrations of the following constituents initially were identified as
exceeding their respective WAC 173-340-747 groundwater protection values (Appendix D,
Table D-14). These exceedances were further evaluated (Section 2.6.6) and, except as noted,
were removed as groundwater COCs.

207-A South Retention Basin. Arsenic and nitrate/nitrite initially were reported by the
risk assessment as having exceeded their respective groundwater protection soil RBCs.
However, after further FS evaluation (Section 2.6.6), these contaminants were removed
as potential groundwater COCs.

216-A-10 Crib. Nitrate/nitrite, beta-1,2,3,4,5,6-hexachlorocyclohexane, methylene
chloride, pentachlorophenol, and TBP were reported by the risk assessment as having
exceeded their groundwater protection RBCs. No established groundwater RBC exists
for TPH-kerosenc and “oil and grease.” However, after further FS evaluation

(Section 2.6.6), only nitrate/nitrite, nitrate, and uranium remain as groundwater COCs.

216-A-19 Trench. Nitrate/nitrite, arsenic, manganese, nitrate, uranium, and TBP initially
were reported as exceeding their soil groundwater protection RBCs. However, after
further FS evaluation (Section 2.6.6), only nitrate/nitrite, nitrate, and uranium remain as
groundwater COCs.

216-A-36B Crib. The maximum concentration of nitrate/nitrite, nitrate, nitrite, uranium,
and isophorone initially were reported as exceeding their respective soil RBCs. No RBC
exists for “oil and grease.” After further FS evaluation (Section 2.6.6), only
nitrate/nitrite, nitrate, nitrite, and uranium remain as groundwater COCs.

216-A-37-1 Crib. Nitrate/nitrite, aluminum, manganese, and nitrate initially were
reported as exceeding their respective groundwater protection soil RBCs. After further
FS evaluation (Section 2.6.6), only nitrate/nitrite and nitrate remain as groundwater
COCs.

216-B-12 Crib. Nitrate/nitrite, arsenic, nitrate, and uranium exceeded their respective
groundwater protection soil RBCs. Afier further FS evaluation (Section 2.6.6), only
nitrate/nitrite, nitrate, and uranium (metal) remain as groundwater COCs.

216-S-7 Crib. Nitrate/nitrite, arsenic, nitrate, and uranium initially were reported as
excecding their respective groundwater protection soil RBCs. After further FS evaluation
(Scction 2.6.6), only nitrate/nitrite, nitrate, and uranium (metal) remain as groundwater
COCs.

2.6.4.2 Radiologica! Screening

RESRAD modeling results for groundwater impacts from soil contaminants are identified in
Appendix D, Tables D-15 and D-16. Contamination levels at the following sites produced
groundwater contamination that excecded the 4 mrem/yr drinking water standard, as follows.
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¢ 216-A-10 Crib. The dose attributed to I-129 (beta gamma emitter with no MCL
concentration) at the 216-A-10 Crib peaks at 2,100 mrem/yr as modeled 1,193 years in
the future,

+ 216-A-36B Crib. The dose attributed to Tc-99 (beta gamma emitter with no MCL
concentration) at the 216-A-36B Crib peaks at 15.3 mrem/yr as modcled 1,025 years in
the future.

e 216-8-7 Crib. For the 216-S-7 Crib, 2 maximum dose of tritium peaks at 4.6 mrem/yr at
year 30 (to approximately ycar 35), and a maximum dosc of T¢-99 peaks at 2.1 mrem/yr
at year 1250.

As indicated above, only tritium at the 216-S-7 Crib exceeded the 4 mrem/yr and the
1 x 10" ELCR criterion for drinking water within the 1,000-year analytical pertod.

2.6.5 Intruder Risk Assessment and Results

Potential risks to a hypothetical, inadvertent intruder from exposure to radioactive contaminants
werce evaluated at the representative waste sites for informational purposes (Klein et al. 2002).
Intruder information provides additional information for analysis of alternatives with regard to
long-term effectiveness, particularly Altematives 1, 2, 4, and 5, which leave waste in place and
include institutional controls. This intruder evaluation and the evaluated scenarios are consistent
with other intruder evaluations conducted within the Central Plateau for the 200-UW-1 OU
(DOE/RL-2003-23) and the 200-CW-5 QU (DOE/RL-2004-24, Feasibility Study for the
200-CWV-5 (U Pond/Z Ditches Cooling Water Waste group), 200-CHW-2 (S Pond and Ditches
Cooling Water Waste Group), 200-CW-4 (T Pond and Ditches Cooling Water Waste Group),
and 200-SC-1 (Steam Condensate Waste Group) Operable Units).

The intruder scenario is based on the possibilty that after 150 years, an individual unwittingly
(through human error or loss of knowledge concerning the location of contaminants) engages in
an activity at a 200-PW-2 or 200-PW-4 OU waste site resulting in contact with wastes lefl in
place. This scenario assumes loss of institutional controls at disposal sites containing radioactive
waste at year 2150 when a 100-year period of institutional controls (beginning at year 2050) is
presumed to end. The intruder risk also was evaluated at a 500-year control period.

Intruder asscssment modcling is used to predict at which representative waste site a target ELCR
of 1 x 10* to 1 x 10" and a target dose of 15 mrem/yr above background could be exceeded if no
remedial action is taken. Three intruder scenarios were evaluated: a construction trench worker,
a well driller, and a rural resident. Of the three scenarios proposed for evaluation, the
construction trench worker scenario is most consistent with the Central Plateau land-use
assumptions. The rural resident scenario is considered the worst case scenario, primarily
because of the longer exposure time, because the scenario assumes that a receptor is residing
within the waste site and has planted a garden using the drill cuttings taken from a well drilled
through the waste site. The resident receives dose from direct exposure to the radiation ficld in
the garden, inhales resuspended dust, ingests soil, and consumes garden produce grown in the
contaminated soil. Consumption of groundwater is not included in this evaluation, because
groundwater in this area currently is under remediation and is not available for use.
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The results of the intruder analysis at the seven representative waste sites, for each of the three
intruder scenarios identifying exceedances of the 15 mrem/yr target value, arc identified in
Appendix D, Attachment B, and are summarized below and in Table 2-4 (for the rural resident).

« Construction trench worker. No representative waste site exceeded 15 mrem/yr target
dosc for the construction trench worker scenario under the more stringent no-cover
scenario.

+ Well driller:

— 216-A-36B Crib exceeded the 15 mrem/yr target dosc at 150 years for Cs-137 and at
500 years for Pu-239 and Am-241.

e Rural resident:

— 216-A-36B Crib excceded the 15 mrem/yr target dose at 150 years for Cs-137 and at
500 years for Pu-239 and Am-241

~  216-B-12 Crib exceeded the 15 mrem/yr target dose at 150 years for Cs-137

~  216-5-7 Crib excecded the 15 mrem/yr target dosc at 150 years for Cs-137 and Sr-90
and at 500 years for Pu-239

— 216-A-10 Crib excceded the 15 mrem/yr target dosc at 150 years for Cs-137 and
Pu-239 and at 500 years for Pu-239.

Uncertainties exist regarding the well driller and rural resident intruder risk scenarios. The
likelihood of the total institutional control failure necessary to allow these exposure scenarios is
low. A loss of knowledge regarding location of waste contaminants is not anticipated, because
ongoing human presence purposely is being encouraged in the 200 Areas to ensure retention of
waste knowledge. Such scenarios assume not only loss of waste site memory but a breakdown
of laws and regulations pertaining to covenants and restrictions within lega! ownership
documents (dceds) identifying the presence of wastc on the property. Rural resident activitics
contrary to such restrictions are improbable, given the extreme expense and logistical difficultics
associated with the precursor activity of drilling a very deep (280 to 300 ft) well to groundwater.
Drilling requires appropriate permits that would not be approved at these locations. The
probability of locating and then drilling within one of the waste sites that exceed intruder targct
values is small, because the area of these waste sites is very small when compared to the entire
arca of the Central Plateau industrial (exclusive) zone. Given the above, the probability of the
well driller and rural resident intruder scenarios is low.

2.6.6 Further Evaluation of Contaminants of Potential
Concern Carried Forward by the Risk
Assessment

The radiological and nonradiological contaminants carried forward by the RI Report
(DOE/RL-2004-25, Tables 4-39 and 6-1) as risk assessment COCs underwent further evaluation
as described in this section and detailed in Appendix E.
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Nonradiological contaminants identified in the risk assessment (Appendix D) as exceeding
screening levels (or having no screening levels) were carried forward as COPCs for further
evaluation during the FS process. Based on the evaluation presented in Appendix E, the
nonradiological constituents listed in Table 2-5 can be removed from further consideration as
COCs at the identified 200-PW-2 and 200-PW-4 QU waste site(s) under the identified risk
scenario.

Radiologica! contaminants identified in the risk assessment (Appendix D) shown by sampling or
modcling to have excecded risk levels were carried forward from the RI Report
(DOE/RL-2004-25, Tables 4-39 and 6-1) as waste site-specific COCs for further evaluation
during the FS process. Based on the evaluation presented in Appendix E, the constitucnts listed
in Table 2-6 can be removed from further consideration as COCs under the identified risk
scenario at the identified 200-PW-2 and 200-PW-4 OU waste site(s).

2.6.7 Evaluation of Potential Human Health and
Ecological Risk at Shallow Analogous Waste
Sites

This scction summarizes methodology and results for evaluation of potential human health and
ecological risk at analogous 200-PW-2 and 200-PW-4 OU waste sites where the representative
waste sitc human health and ccological risk assessment may not apply.

2.6.7.1 Background and Scope

This evaluation occurred for analogous waste sites that are shallow (i.c., less than 4.6 m [15 fi]
decep at the site bottom or wastc entry point) and therefore have a potential for human health and
ecological risk but that have decper (4.6 m [15 ft] or greater) representative waste sites having no
identified human health and ecological risk. Detailed evaluation results are presented in
Appendix G. Backfill material of the 216-A-10, 216-B-12, and 216-S-7 Cribs was slightly
contaminated, but this contamination was not sufficient to provide human health or ecological
risk (Sections 2.6.2 and 2.6.3) and so is not rclevant 1o this cvaluation.

The following representative waste sites and their shallower analogous sites were evaluated for
human health or ecological risk:

o 216-B-12 Crib (9.2 m [30 ft] deep) and shallower analogous sites 216-C-3 Crib,
216-C-5 Crib, 216-C-7 Crib, and 216-C-10 Crib

¢ 216-A-10 Crib (14 m [45 ft] decp) and shallower analogous site 216-C-1 Crib

o 216-5-7 Crib (21 ft deep) and shallower analogous sites 216-T-20 Trench and
216-S-22 Crib.

Although the analogous UPR-E-17, UPR-E-39, UPR-E-64, and UPR-E-14S5 sites are shallower
than their representative waste sites, the 200-PW-2 and 200-PW-4 QU UPRs were not evaluated
for human health and ecological risk using this method. These UPRs are shallow-surface
contaminations and not enginecred disposal sites. They are highly bound by their respective
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representative waste sites regarding contaminant inventory, because these UPRs gencrally have
no developed contaminant inventory for comparative evaluation. The ecological significance of
these unevaluated UPRSs is further discussed in Section 2.6.8. Because these UPRs are not fully
characterized, the exact nature and extent of contamination and of human health and ecological
risk is indeterminate without further and potentially extensive characterization. Consequently,
removal is the recommended remedial alternative for all of these UPRs (Chapter 8.0).

Of the seven representative waste sites, only the 216-A-19 Trench (4.6 m [15 ] deep) had
ecological risk from uranium identified within the shallow-zone soils. The 216-A-19 Trench and
its analogous sites include the 216-A-1 Crib, 216-A-3 Crib, 216-A-18 Trench, 216-A-22 French
Drain, 216-A-28 Crib, and 216-A-34 Ditch and are shallower or approximately the same depth.
For the 216-A-19 Trench analogous site evaluation, uranium concentrations in shallow soil will
be dircctly applied to all analogous sites having developed uranium inventories. Because no
uranium contaminant inventory was developed for the 216-A-34 Ditch, this site was not
evaluated using this method. Table 2-7 summarized the evaluation results for the

analogous sites.

2.6.7.2 Shallow-Site Evaluation Methodology

In general, this method superimposes contaminant concentrations reported in deeper
representative waste site soils onto the zone of uncharacterized shallower analogous site soil.
This evaluation requires the existence of representative waste site analytical sample data,
developed representative wastc site contaminant inventory, and developed analogous site waste
inventory for comparison. The general steps for the evaluation process were as follows.

* Using waste site depths (Table 2-2), the number of feet of uncharacterized analogous
waste site soils requiring evaluation and an equivalent number of feet of characterized
representative waste site soils (from the site bottom) were identified. The number of
analogous site feet requiring evaluation is calculated as 4.6 m (15 ft) (human health and
ccological POC) minus the depth of clean backfill (generally the analogous site bottom).
This number represents the minimum number of feet of representative waste site
surrogate soil downward from the engincered representative waste site bottom (gencrally
the most contaminated soils) that will be evaluated against human health and ecological
risk screening criteria.

 Using representative waste site soil data (Section 2.4.2) for contaminants having
developed contaminant inventory (Table 2-2), human health and ecological PRG
exceedances in the representative waste site surrogate soils were identified. These soil
concentrations were compared to PRGs (Table 3-1) or other screening levels identified in
Appendix G. The PRG exccedance(s) were quantified by order of magnitude (OM).
This OM value became the benchmark criterion for comparison of analogous and
representative waste site contaminant inventory to determine the potential for analogous
site human health or ecological risk.

* Representative waste site and analogous site contaminant inventories (Table 2-2) were
compared using the representative waste site OM benchmark criterion. Potential human
health or ecological risk was suggested at analogous sites where the analogous site
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contaminant inventory exceeded the representative waste site contaminant inventory by
the OM benchmark.

2.6.7.3 Evaluation Results

This scction summarizes the results of the shallow-site evaluation for human health and
ecological risk at the representative waste site identified above and in Appendix G.

2.6.7.3.1 Representative Waste Site 216-B-12 Crib

The 216-B-12 Crib and its shallower analogous waste sites include the 216-C-3 Crib,
216-C-5 Crib, 216-C-7 Crib, and 216-C-10 Crib. In the 216-B-12 Crib soil range of 3.4 m
(11 ft), only the maximum concentration of Sr-90 (12,700 pCi/g) exceeded human-health and
ecological (terrestrial wildlifc) PRGs. The Sr-90 (12,700 pCi/g) excceded its human-health
PRG (2250 pCi/g) by just over ¥2 OM and its terrestrial wildlife PRG (22.5 pCi) by
approximatcly 2% OM.

Analogous 216-C-3 Crib. The 216-C-3 Crib inventory of Sr-90 (8.04 Ci) is 1 OM smaller than
the representative waste site Sr-90 contaminant inventory of 80.0 Ci.

o Human Health. This site did not exceed the Sr-90 human health %2 OM value,
suggesting the absence of human-health risk at this analogous site.

» Ecological. The analogous sitc contaminant inventory is not at least 22 OM smaller than
the representative waste site contaminant inventory of Sr-90, suggesting potential
ecological risk at this analogous site.

Analogous 216-C-5 Crib. The analogous waste site 216-C-5 Crib inventory of Sr-90 (4.2 Ci) is
approximately 12 OM smaller than the representative waste site Sr-90 contaminant inventory
of 80.0 Ci.

» Human Health, This sitc did not exceed the minimum human health %2 OM valuc,
suggesting the absence of human-health risk at this analogous site.

+ Ecological. This site contaminant inventory is not at least 22 OM smaller than the
representative waste site contaminant inventory, suggesting a potential for ecological risk
from Sr-90 at this analogous site.

216-C-7 Crib. The analogous waste site 216-C-7 Crib inventory of Sr-90 (05 Ci) is more
than 3 OM smaller than the representative waste site Sr-90 contaminant inventory of 80.0 Ci.

e Human Health and Ecological. This site did not exceed the human health ¥2 OM value
or the ccological (terrestrial wildlife) 2% OM value, suggesting the absence of potential
human health or ecological risk at this site.

Analogous 216-C-10 Crib. The analogous site 216-C-10 Crib inventory of Sr-90 (3.5 Ci) is
morc than 1 OM smaller than the representative waste site Sr-90 contaminant inventory of
80.0 Ci.
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» Human Health. This site did not excced the human health %2 OM value, suggesting the
absence of potential human-health risk.

» Ecological. The analogous site contaminant inventory is not at least 2% OM smaller than
the representative waste site contaminant inventory, suggesting potential ecological risk
at this site from Sr-90.

2.6.7.3.2 Representative Waste Site 216-A-10 Crib

The 216-A-10 Crib is representative of the 216-C-1 Crib. In the surrogate range of 2.1 m (7 ft),
Pu-239/240 (7110 pCi/g) exceeded its human-health PRG (425 pCi/g) by 1% OM and exceeded
its ecological (terrestrial wildlife) PRG (6110 pCi/g) by less than 1 OM. Cesium-137

(1080 pCi/g) exceeded its human-health PRG (23.4 pCi/g) by slightly less than 2 OM and its
ecological PRG (115 pCi/g) by 1 OM. Amecricium-241 (1320 pCi/g) excceded its human-health
PRG (335 pCi/g) by less than 1 OM. The shallow-site evaluation compared contaminant
inventories for Pu-239/240, Cs-137, and Am-241, because all exceeded human health and/or
ecological PRGs.

Analogous 216-C-1 Crib. The analogous sitc contaminant inventory for total plutonium

(8.0 Ci) is at Icast 12 OM smaller than the representative waste site contaminant inventory of
350 Ci. This site had no developed Am-241 contaminant inventory and therefore no discernable
human health or ecological risk from Am-241. The analogous site contaminant inventory for
Cs-137 (0.04 Ci) was 3 OM smaller than the representative waste site contaminant inventory of
80.5 Ci.

« Human Health and Ecological. This site did not exceed the plutonium human health
172 OM value or the minimum plutonium ecological (terrestrial wildlife) of less than
1 OM, suggesting the absence of human health or ecological risk at this site. This site
had no developed Am-241 contaminant inventory and therefore no discernable human
health or ecological risk from Am-241. This site did not exceed the Cs-137 human health
2 OM range and the Cs-137 ecological (terrestrial wildlife) range of 1 OM, suggesting
the absence of potential human health or ecological risk at this site.

2.6.7.3.3 Representative Waste Site 216-S-7 Crib

The 216-S-7 Crib has two shallower analogous sites, the 216-T-20 Trench and the

216-S-22 Crib. In the 216-S-7 Crib, in the 3.4 m (11-ft) surrogate soil range, Am-241, Cs-137,
Pu-239/240, and Sr-90 would exceed human health and/or ecological screening values as
follows. Americium-241 (1900 pCi) would exceed its human-health PRG (335 pCi/g) by % OM.
Cesium-137 (20,000 pCi/g) would exceed its human-health PRG (23.4 pCi/g) by almost 3 OM
and its ecological PRG (115 pCi/g) by 212 OM. Plutonium-239/240 (11,000 pCi) would excced
its human-health PRG (425 pCi/g) by OM+ and its ecological PRG (6110 pCi/g) by ¥ OM.
Strontium-90 (53,000 pCi) would exceed its human-health PRG (2530 pCi/g) by 14OM and its
terrestrial wildlife PRG (22.5 pCi/g) by 2+OM. Because Pu-239/240, Cs-137, Sr-90, and
Am-241 all exceeded human health and/or ecological PRGs, the shallow analogous sites will be
evaluated for all of these constituents.
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Analogous 216-T-20 Trench. The 216-T-20 Trench had no developed contaminant inventory
for Am-241 and Pu-239/240. The 216-T-20 Trench contaminant inventory for Cs-137 (0.44 Ci)
was at least 3 OM smaller than the representative waste site contaminant inventory of 703 Ci.
The 216-T-20 Trench contaminant inventory for Sr-90 (0.39 pCi/g) was at least 3 OM smaller
than the representative waste site contaminant inventory for Sr-90 of 1,390 Ci.

e Human Health and Ecological. This site has no developed contaminant inventory for
Am-241 and Pu-239/240 and so has no discernable human health or ecological risk from
these constituents. This site did not exceed the Cs-137 human health and ecological OM
values of just Icss than 3- OM and 2}: OM, respectively, suggesting the absence of
potential human health or ecological risk from Cs-137. This site did not excecd the Sr-90
human health and ecological OM values of 1+ OM and 2+ OM respectively, suggesting
the absence of potential human health or ecological risk from Sr-90 at this site.

Analogous 216-5-22 Crib. The 216-S-22 Crib has no developed contaminant inventory for
Am-241 and so has no discernable human health or ecological risk from Am-241. The
216-5-22 Crib contaminant inventory for Cs-137 (0.48 Ci) was at least 3 OM lcss than the
representative waste site Cs-137 contaminant inventory of 703 Ci. The 216-S-22 Crib
contaminant inventory for Sr-90 (0.46 Ci) was at least 3 OM smaller than the representative
waste site Sr-90 contaminant inventory of 1390 Ci. The 216-S-22 Crib contaminant inventory
for total plutonium (0.10 Ci) was at lcast 3 OM less than the representative waste site total
plutonium contaminant inventory of 440 Ci.

» Human Health and Ecological. This site did not exceed the Cs-137 human health and
ccological OM values of less than 3 OM and 2% OM, respectively, suggesting the
absence of potential human health or ecological risk from Cs-137. This site did not
exceed the Sr-90 human health and ecological OM values of 1+ OM and 2+ OM,
respectively, suggesting the absence of human health or ccological risk from Sr-90. This
site did not exceed the total plutonium human health and ecological OM values of 1+ OM
and %2 OM, respectively, suggesting the absence of human health or ecological risk from
plutonium.

2.6.7.3.4 Representative Waste Site 216-A-19 Trench

All 216-A-19 Trench analogous sites were evaluated for human health and ecological risk,
because maximum contaminant concentrations were found in the shallow-soil sample, and
ecological risk was identified in trench shallow soils. Therefore, the first step of the evaluation,
identification of a surrogate range of representative waste site soil, was not necessary because
shallow-soil concentrations could be directly applied to the shallow soils of the analogous sitcs.
The first trench sample, taken at 4.4 m (14.5 ft) bgs, contained the maximum concentrations for
all constituents except Sr-90 (5.3 m [17.5 fi]), manganese (5.3 m [17.5 fi]), uranium (6.9 m
[22.5 fi]), and nitrates (8.4 m [27.5 ft]), all of which already were included in the evaluation.
None of the maximum concentrations in shallow soils exceeded their respective human-health
screening levels. However, the maximum uranium concentration of 129 pCi/g in shallow soils
(4.4 m[14.5 fi] bgs) exceeded the terrestrial wildlife PRG for uranium (5.9 mg/kg) by 1 OM x 2,
indicating ecological risk at the representative 216-A-19 Trench, and a potential for ecological
risk at its analogous sites from uranium was evaluated.
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Analogous 216-A-1 Crib, 216-A-3 Crib, 216-A-18 Trench, 216-A-20 Trench,

216-A-22 French Drain, and 216-S-8 Trench. All of these sites are at least 4.6 m (15 ft) bgs
and so they arc below the 4.6 m (15-ft) human health and ecological POC. Also, their uranium
inventories are smaller than, or essentially at, the representative waste site inventory, and so they
did not excced the OM value,

« Human Health. Thesc sites are deep and uranium inventory did not excecd a
human-health screening value, so no human health risk is anticipated to exist at the
evaluated analogous waste sitcs.

» Ecological. These sites are deep and uranium inventory did not exceed the ccological
OM evaluation criteria, suggesting that ecological risk is unlikely at these sites.

Analogous 216-A-28 Crib. The 216-A-28 Crib and the 216-A-34 Ditch are shallower than the
representative 216-A-19 Trench. The 216-A-28 Crib uranium inventory (627 kg) was more
than 2 OM smaller than the representative waste site uranium inventory of 3.87 x 107,

+« Human Health and Ecological. The 216-A-28 Crb did not exceed the 1 OM value,
suggesting the absence of ecological risk from uranium,

2.6.8 FEvaluation of Ecological Significance

Of the scven representative waste sites, the SLERA (Section 2.6.3 and Appendix D, Tables D-12
and D-13) initially identified concentrations of one or more chemicals and/or radionuclides that
exceeded ecological screening values, thus requiring further evaluation. Potential ecological
exposure risk at some shallow analogous waste sites also was identified in a separate evaluation
(Section 2.6.7 and Appendix G). This section summarizes the results of the evaluation of
ccological significance of SLERA constituents and ecological significance of contamination at
the shallow analogous sites to wildlife receptors of particular concern.

2.6.8.1 Ecological Significance of Representative Waste Site SLERA Results

Of the scven representative waste sites that underwent ecological risk assessment, only uranium
(mectal) at the 216-A-19 Trench was identified as exceeding an ecological indicator soil
concentration or a BCG. The FS evaluation (Section 2.6.6 and Appendix E) effectively has
eliminated all other potential SLERA COPCs from further consideration as ccological COCs.

216-A-19 Trench. This site was a small (i.e., 7.6 by 7.6 m [25 by 25 ft] at the bottom and 4.6 m
[15 fi]) deep, unlined trench having a small surface area of 58 m® (625 ft*). After operations, the
trench was backfilled with clean soil, and the surface was stabilized in 1990 with additional fill
material. The overlying soil cover prevents exposure to site-related contaminants by most
wildlife species. However, burrowing mammals such as the badger, coyote, northern pocket
gopher, deer mouse, and Great Basin pocket mouse, and burrowing owl, if present, could be
exposed to site-related contaminants. Consequently, some uncertainty exists regarding the
potential risk to burrowing animals that might occur on this sitc. However, the small size of the
site and the depth of relatively clean cover soil serve to minimize the exposure pathway, Use of
this flat, open area by burrowing animals probably would be minimal. The disturbed nature and
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sparse vegetation at this site provides poor quality habitat offering little cover and forage,
suggesting that it is not supportive of ecological populations. It would be highly unlikely that
any individual anima! would usc only this site for foraging and/or shelter, suggesting that
exposure to contaminants from this site likely would be minor relative to the entire area used by
an animal. In summary, the depth of clean cover and small arcal extent reduce the extent to
which wildlife spcecies would use this site and would be exposed to site-related contaminants,
rendering the potential site-related ecological risk negligible.

2.6.8.2 Significance of Ecological Risk for Analogous Waste Sites

The evaluation process for shallow analogous waste sites (Section 2.6.7) identified three
analogous sites for the 216-B-12 Crib (216-C-3 Crib, 216-C-5 Crib, and the 216-C-10 Crib) that
potentially could present ecological risk. Ecological impact of the shallow UPRs and

the 216-A-34 Ditch, which were not evaluated in Scction 2.6.7, also are discussed below.

216-C-3 Crib, 216-C-5 Crib, and the 216-C-10 Crib. Beccause these cribs are collocated; are
of similar configuration, size, and depth; received similar contaminants; and have similar
inventory, they will be discussed together with regard to significance of ecological risk. These
sites are all small, gravel-covered, rectangular-shaped drain-field-type cribs that are short and
narrow, having small surface areas: 216-C-3 is 15.2 by 3.0 m and 3.0 m decp (46.4 m?) (50 by
10 ft and 10 ft deep [500 fi%]); 216-C-5 is 6.1 by 3.0 m (18.6 m?) (20 by 10 ft [200 ft?]); and
216-C-10is 9.7 by 1.5 m (14.9 m?) (32 by 5 t [160 ﬂz]). Thesc cribs are covered by clean soil at
an average depth of 8 ft (2.4 m). The overlying soil cover prevents exposure to site-related
contaminants by most wildlife species. However, burrowing mammals such as the badger,
coyote, northern pocket gopher, deer mouse, and Great Basin pocket mouse, and the burrowing
owl, if present, could be exposed to site-related contaminants, and so some uncertainty exists
regarding the potential risk to burrowing animals that might occur on thesc sites. However, the
small size of these sites and the 2.4 m (8-ft) soil cover serve to minimize the exposure pathway.
Use of these flat, open, gravel-covered cribs by burrowing animals probably would be minimal.
The disturbed nature and sparse vegetation at these sites provide poor quality habitat offering no
cover and little forage, suggesting that they are not supportive of ecological populations. It
would be highly unlikely that any individual animal would use only one of these cribs for
foraging and/or shelter, suggesting that exposure to contaminants at these sites probably would
be minor relative to the entire area used by an animal. In summary, the 2.4 m (8-ft) soil cover,
small areal extent, and linear nature of the sites reduce the extent to which wildlife species would
be exposed to site-related contaminants, making the potential site-related ecological risk
negligible.

216-A-34 Ditch. The 216-A-34 Ditch is 1.8 m (6 ft) deep and was a waste conduit (not a
disposal site) for transfer of 241-A-431 Tank Farm Ventilation Building low-activity contact
condenser cooling water to the 216-A-18 and 216-A-20 Trenches. This site had no developed
uranium inventory for comparison to the 216-A-19 Trench representative waste site and so could
not be evaluated for potential ecological risk using the methodology described in Section 2.6.7.
Becausc no uranium contaminant inventory was developed for the 216-A-34 Ditch, this site was
not evaluated using this method.
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UPRs. Because the following 200-PW-2 and 200-PW-4 UPRs are¢ not fully characterized, the
exact nature and extent of contamination, and therefore the potential ecological risk from these
sites, are indeterminate without extensive characterization.

UPR-200-E-145. UPR-200-E-145 is a shallow, small area release of unknown quantity
(i.e., no developed contaminant inventory) that occurred before 1957. The release
primarily was uranium oxide from clay piping buried about 1 m (3 ft) deep that was uscd
to transfer low-activity uranium bearing 241-A-431 Tank Farm Ventilation Building
contact condenser cooling water from the 216-A-8 Proportional Sample Pit to the
216-A-34 Ditch. This site was discovered during an excavation in 1993, the excavation
was backfilled, and it is anticipated to provide limited ecological risk.

UPR 200-E-17. UPR 200-E-17 was a spill of unknown quantity (no developed
contaminant inventory) to the surface of the 216-A-22 French Drain, making the risk
from this spill indeterminate. Because the site was covered with soil in 1959, an
othenwise indetcrminate ecological risk was further minimized. Further, because this site
is located against the north wall of the 203-A Building, its location limits wildlife access
and provides low-quality habitat and little potential forage for wildlife receptors,
suggesting that risk to ecological receptors is unlikely.

UPR-200-E-39. UPR-200-E-39 was a spill of unknown quantity (no developed
contaminant inventory) that occurred in 1968 on the ground and blacktop outside the
216-A-36B Crib Sampler Shack, which is located in the 200 East Arca inside the PUREX
fence, south of the 202-A Building. This site (including the asphalt) is approximately
7.9 by 7.9 m (26 by 26 ft). The waste was PUREX ASD waste containing uranium and
fission products. The volume released is unknown, but based on the limited nature of the
spill response (i.c., blacktop hose-off), the volume is anticipated to be relatively small.
As a low-volume surface release, the contamination in the gravel area conscrvatively is
presumed to be approximately 1 m (3 ft) deep. The location of this relcase to asphalt
surfaces and surrounding edges limits wildlifc access, habitat, and forage for wildlife
receptor use, suggesting that risk to ecological receptors at this site is unlikely.

UPR-200-E-64. The UPR-200-E-64 sitc consists of migrating (ant spread) radioactive
speck contamination that was identified in 1984. This location is a posted radiological
surface contamination arca that has increascd in size from wind and, as of 1995, was
approximately 8,100 m? (2 a). The contamination consists primarily of Cs-137 and
Sr-90. The volume of contamination released and the depth of contamination are
unknown but are conservatively placed at 1 m (3 ft). Because site contamination is only
trace levels and because the site was stabilized with at least 0.6 m (2 fi) of clean backfill,
ecological risk from this site is very limited.

2.6.8.3 Potential Risk to Ecological Receptors of Concern

Contamination at the 200-PW-2 and 200-PW-4 OU waste sites does not pose potential risk to
Federally listed species or Washington State “species of concem.” The bald eagle (Haliacetus

leucocephalus), Federally listed as threatened, is the only species listed under the Federal
Endangered Species Act of 1973 that has been observed at the Hanford Site. Previous reports
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have included the Aleutian Canada goose (Branta canadensis leucopareia) as a Federally
threatened species known to occur at the Hanford Site; however, this species has largely
recovered and was delisted in March 2001. It is no longer a Federally listed species

(USFWS 2004, Threatened and Endangered Species System, Delisted Species Information).

The bald eagle and the Aleutian Canada goosc inhabit the Columbia River corridor and rarely are
scen in the Central Plateau.

Four other bird species classified by the Washington Department of Fish and Wildlife as “species
of concern™ also have been reported to occur at the Hanford Site (WDFW 2004, Species of
Concern in Washington State). These specics consist of the ferruginous hawk (Buteo regalis),
state-listed as threatened, and the burrowing owl (Athene cunicularia), loggerhead shrike (Lanius
ludovicianus), and sage sparrow (Amphispiza belli). The burrowing owl, loggerhead shrike, and
sage sparrow are each listed as “state candidate™ species (WDFW 2004). However, because the
cover of clean soil at the five sites limits exposure to site-related contaminants by the ferruginous
hawk, loggerhcad shrike, and sage sparrow, site-related potential risk to these three state-listed
species is negligible. Site-related potential risk to the burrowing owl is greater but also is
considered minimal because the burrows for these owls can exceed 1.8 m (6 ft) in length but
generally are not deep. No other plants, invertebrates, amphibians, reptiles, or mammals that are
Federally listed or listed by the State of Washington as threatened or endangered specics are
known to exist in the Central Plateau,

2.6.8.4 Conclusion: No Further Ecological Evaluation Necessary

For commercial or industrial property, only the ecological risk to terrestrial wildlife requires
evaluation. Potential risk to soil invertebrates and plants does not require evaluation. Because
the 200-PW-2 and 200-PW-4 QU waste sites are in an industrial (exclusive) area
(WAC-173-340-200, “Definitions™), the ecological exposure risk evaluations have been limited
to terrestrial wildlife.

Of the scven representative waste sites, only the 216-A-19 Trench has a potential terrestrial
wildlife ecological risk, with none of its analogous sites providing ecological risk. Of the
analogous waste sites for the other six representative waste sites, only the 216-C-3 Crib,
216-C-5 Crib, and 216-C-10 Crib (all analogous to the 216-B-12 Crib), have an identified
potential for ecological risk without remedia! action.

The sites with a potential for ecological risk represent only a small areal extent relative to the
size of wildlife forage areas and therefore provide little opportunity for use by terrestrial
receptors. These sites are covered by clean soil to an average depth of 8 ft (2.4 m), suggesting
that the potential ecological risk posed by these cribs is negligible. The uncertainty associated
with risks to burrowing animals at this site is small and would be further reduced if the selected
remedial alternative were capping or source removal. Selection of a surface barrier (cap)
alternative assumes removal of burrowing animals present at the sites before remediation, and
the additional cap thickness and engineered intrusion-deterrence features would deter potential
future populations of burrowing animals. Selection of a no-action remedial altemative for these
sitcs could necessitate additiona! ecological investigation and assessment of risk to burrowing
animals. However, because the recommended altemative for all of the 200-PW-2 and
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200-PW-4 QU sites having ecological risk currently is source removal (Chapter 8.0), no
additional ecological investigation or assessment is required.

2.6.9 Representative Waste Sites Risk Assessment
Synopsis

Risk asscssment results are used to develop and evaluate appropriate alternatives for the
representative waste sites and their associated analogous waste site(s). The human-health,
ecological, groundwater protection, and intruder risk asscssments performed for the

200-PW-2 and 200-PW-4 OU representative waste sites and TSDs were summarized in the

RI Report (DOE/RL-2004-25), Table 4-39, with expanded detail provided in the RI Report,
Tables 6-1 and 6-2. The COPCs above risk-screening levels or modeling risk and dose target
values were identified for each waste site and carried forward as COPCs into the FS for further
evaluation. Some COPCs were retained at a given site because there was no basis o exclude
them (i.e., they had no site background and no listing in the pertinent regulations). These COPCs
have undergone further FS evaluation (Sections 2.6.6 and 2.6.7 and Appendices E and G).
Vadosc zonc fate and transport modeling beyond RESRAD (e.g., STOMP modeling) was
deemed unnecessary for these waste sites.

Table 2-8 identifics potential representative waste site human-health, ecological (lerrestrial
wildlife), groundwater, and intruder risks at representative waste sites from the COCs retained by
this FS for remedial decision making. Risk information and conclusions arrived at through the
Rl risk assessment framework do not necessarily limit the scope of recommended remedial
actions.

216-A-19 Trench

» Human health: Protected with respect to radiological and chemical contaminants
becausc no constituents remaining afler FS evaluation (Section 2.6.6) exceed
human-health screening values in shallow soil because of deep, relatively clean cover that
exceeds the human-health POC.

+ Groundwater: Not protected from nitrates and uranium (metal) in vadose zone soils
without remedial action.

« Ecological: Not protected from uranium {metal) in shallow soil without remedial action.

e Intruders: Protected from radiological dose greater than the 15 mrem/yr target value for
the 150- and 500-year control periods.
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216-B-12 Crib

» Human health: Protected with respect to chemical and radiological contaminants in
shallow soil, because no constitucnts remaining afier FS evaluation (Scction 2.6.6)
excced human-health screening values in shallow soil because of deep, relatively clean
cover that exceeds the human-health POC.

» Groundwater: Not protected for nitrates and uranium in vadose zone soils without
remedial action.

» FEcological: Protected (at the 216-B-12 Crib), because no constituents remaining after FS
evaluation (Section 2.6.6) exceed ecological screening values in shallow soil because of
deep, relatively clean cover that exceeds the ecological POC. Potentially not protected at
analogous 216-C-3, 216-C-5, and 216-C-10 Cribs sites without remedial action
(Scction 2.6.7).

 Intruders: Rural resident intruders not protected at the 150-ycar modeling period
for Cs-137.

216-A-36B Crib

» Human health: Protected with respect to chemical and radiologica! contamination in
shallow soils, because no constituents remaining after FS evaluation (Section 2.6.6)
exceed human-health screening values in shallow soil because of the 7.6 m (25-1) depth
of clean cover that excecds the human-health POC.

Groundwater: Not protected from uranium and nitrates in vadose zone soil. Protected
for radionuclides within the 1,000-year RESRAD modeling simulation period.

Potentially not protected beyond the 1,000-year modeling period from Te-99 predicted by
RESRAD modeling to reach groundwater above RBCs at year 1025 (risk diminishes
significantly by year 1100).

L ]

Ecological: Protected, because no constituents remaining after FS evaluation
(Scction 2.6.6) exceed ecological screening values in shallow soils because of the 7.6 m
(25-11) depth of clean fill that exceeds the ecological POC,

Intruders. Well driller and rural resident intruders not protected at 150 years for Cs-137
and at 500 years for Pu-239 and Am-241, predicted by modeling to excced the
15 mrem/yr target dose.
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216-A-10 Crib

Human health. Protected with respect to radiological contaminants in shallow soil,
because no constituents remaining after FS evaluation (Section 2.6.6) exceed
human-health screening valucs in shallow soil because of the 14 m (45-t) depth of
relatively clcan cover that exceeds the human-health POC.

Groundwater. Protected for chemical and radionuclides within the 1,000-ycar modcling
simulation period. Not protected beyond 1,000 years from I-129, which is predicted by
RESRAD modeling to reach groundwater above 4 mrem/yr dose levels at year 1193
without remedial action.

Ecological: Protected, because no constituents remaining after FS evaluation
(Section 2.6.6) exceed human-health screening values in shallow soil because of the 14 m
(45-1t) depth of relatively clean cover that exceeds the ecological POC.

Intruders: Rural resident intruders not protected from Cs-137 and Pu-239 at 150 ycars
and from Pu-239 at 500 ycars, predicted by modeling to exceed the 15 mrem/yr target
dosc.

207-A South Retention Basin

Human health: Protected with respect to radiological contaminants, because no
constituents remaining after FS evaluation (Scction 2.6.6) exceed human-health screening
values in shallow soil.

Groundwater: Protected with respect to chemical and radiological contaminants in
vadosc zone soil.

Ecological: Protected in shallow soil from chemical and radiological contamination after
screcning against RBCs and evaluation (Section 2.6.6), and because the concrete
structure precludes the ecological exposure pathway.

Intruder: Protected at the 150- and 500-year modeling periods.

216-A-37-1 Crib

Human health: Protected with respect to chemical and radiological contaminants,
because no constituents remaining after FS evaluation (Section 2.6.6) exceed
human-health screcning values in shallow soil.

Groundwater: Not protected for nitrate and nitrate/nitrite contamination in vadose soil.
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Ecological: Protected with respect to chemical and radiological contaminants, because
no constituents remaining aflcr FS evaluation (Section 2.6.6) exceed ccological screening
values in shallow soil.

Intruder: Protected from radiological dosc greater than 15 mrem/yr above background
target value for the 150- and 500-ycar control periods.

216-S-7 Crib

»

Human health. Protected with respect to chemical and radiological contaminants,
because no constituents remaining after FS evaluation (Section 2.6.6) exceed
human-health screening values in shallow soil because of the 4.6 to 7.3 m (15- to 24-{t)
depth of relatively clean cover that exceeds the human-health POC.

Groundwater. Not protected for uranium (metal) and nitrates in vadose zone soil above
RBC:s protective of groundwater and for tritium predicted by modeling to reach the
groundwater above MCLs or risk-based standards without remedial action.

Ecological. Protected with respect to chemical and radiological contaminants afler FS
evaluation (Scction 2.6.6) that removed hexavalent chrome and silver as COCs, leaving
no constituents rematning that exceed human-health screcning values in shallow soil
because of the 4.6 to 7.3 m (15- to 24-ft) depth of relatively clean cover that exceeds the
ecological POC.

Intruders. Not protected without remedial action from radiological dose greater than
15 mrem/yr above background target value at 150 years for Cs-137 and Sr-90 and at
500 years for Pu-239.
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Figure 2-1. Stratigraphic Column for the 200 Arcas.
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Figurc 2-14. Analogous Site Alternative Sclection,
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Table 2-1. Lithofacies of the Cold Creek Unit.

Lithofacies

Environment of
Deposition

Previous Site
Nomenclature

Fine-grained, laminated to massive. Consists of a brown- to
yellow very well sorted cohesive, compact, and massive- to
laminated- and stratified-fine-grained sand and silt. Itis
moderately to strongly calcareous with relatively high natural
background gammz activity.

Fluvial-overbank
and eolian

Palouse soil, early “Palouse”
soil, Hanford formation/
Plio-Pleistocene unit silt.

Fine- to coarse-grained, calcium carbonate cemented. Consists
of basaltic to quartzite gravels, sands, silts, and clay that are
cemented with one or more layers of secondary, pedogenic
calcium carbonate.

Calcic paleosol

Highly weathered subunit of
the Plio-Pleistocene unit/
caliche, calcrete.

Coarse-grained, multilithic. Consists of rounded, quartzose to
gneissic clast-supported pebble- 1o cobble-size gravel with a
quartzo-feldspathic sand matrix.

Mainstream
alluvium

Distantly derived subunit of
the Plio-Pleistocenc unit/
pre-Missoula flood gravel.

Coarse-grained, angular, basaltic. Consists of angular, clast- to
matrix-supported basaltic gravel in a poorly sorted mixture of
sand and silt with no stratification. Calcic palcosols may be
present.

Colluvium

New facies designation for
the Pasco Basin,

Coarse-grained, round basaltic lithofacies.

Sidestream
alluvium

Locally derived subunit of
the Plio-Pleistocene unit.

NOTE: Based on DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for Post-Ringold Formation

Sediments Within the Central Pasco Basin,
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Table 2-2. 200-PW-2/200-PW-4 Operable Unit Representative Sites and Associated Analogous Waste Sites. (25 Pages)

Contaminant Inventory

Waste Site Configuration Efftuent | Soit Pore
Waste Site* Construction, andg'll’urpos’e Site and Discharge History | Toeat U Total | Am-241 | Cs-137 Sr-90 | Nitrate | NPH |Na,Cr,0,] TBP Volume | Volume Rationale
2 | Pue | 0 | n | «© [ o0 [ 600 | 0 | @ [ =™ | )

REPRESENTATIVE SITE
216-A-19 Trench The 216-A-19 Trench was constructed | The trench operated from 1955t0  [3.87 F+04  [1.00 E-01 444 E02 |4.20 E-02 120,000 — - — 1,100 1,232 Contaminants were detected beneath the 216-A-19 Trench to a depth of 75.6 m (248 ft). Maximum

in 1955 for disposal of PUREX startup | 1956 and received 1,100,000 L concentrations for alt radiological and most chemical contaminants were found near the trench bottom
(216-A-19 waste. It is an unlined trench located  [(291,000 gal) of PUREX startup from4.410 53 m(14.5 10 17.5 ft) bgs. When actively receiving waste, this trench was 4.6 m {15 f) decp.
Test Hole, east of the 200 East Area perimeter | waste containing nonirmradiated (4.34E+04) [(0) ) ©) (0} (1.09E+04) Effluent The trenich has been backfilied and further stabilized with several feet of fill.
216-A-19 Grave, fence about 800 m (2,628 ft) northwest | uranium and fission products volume to
216-A-19 Sump, of the 202-A (PUREX Plant) Building, |(Co-60, Sr-90, Cs-137, Pu-239/240, pore volume | Maximum concentrations of primary waste stream radionuclides detected in trench soil:
216-A-19Crib) Waste from PUREX entered the trench | and U-238). Contact condenser ratio: 0.89 s Nickel-63 17.6 pCi/gat 4.4 m (14.5 ft) bgs

from above-ground piping. During cooling water from the 241-A-43) * Thorium-234 568 pCi/gat4.4m(14.5 ) bgs

operations the trench was 4.6 m (15 ft} | Tank Farm Ventilation Building s Uraniem-2337234 6.0 pCi/g 3t 4.4 m (14.5 f) bgs

deep and was approximately 7.6 mx  |containing uranium and nitric acid e Uranjum-238 51 pCi/g at 4.4 m (14.5 ) bgs

7.6 m{25 i x 25 Nt} at the bottom. The | may have reached the trench from A o tal ! i ]

excavation has side slopes of 1:2 the 216-A-34 Ditch. Nitrate salts * Radioactive strontium (total) 200pCgat S3m (175 M) bes.

(V/). The 216-A-19 Trench was also were disposed of at the site.

deactivated by removing the
above-ground piping and backfilling
the excavation and later was covered
with several feet of fill. The site was
surface stabilized again in 1990 with
additional fill material.

Maximum concentrations of primary waste stream nonradiological contaminants detected in trench soil:

* Arsenic 7.0 mghkg at4.4 m{14.5 i) bgs

* Bismuth 36,400 mg/kg at 29.7 m (97.5 f) bgs
¢ Bis(2-ethylhexyl)phthalate 0.660 mp/kgatd4d m (14.5 ) bes

+ Boron 38.9mg/kg at4.4 m(14.5 M) bes

* Manganese 538 mp/kgat 5.3 m(17.5 ft) bes

* Nitrate (as N} 9,860 mg/kg at 8.4 m (27.5 i) bgs

« Nitrate/nitrite {as N) 1,120 mg/kg at 9.9 m (32.5 ft) bes

¢ Tributyl phosphate 280,000 mg/kg at 4.4 m (14.5 M) bes
& Uranium, total 130 mgkg at 6.9 m(22.5 ) bgs

* Vanadium 96.1 mg/kg at4.4 m(14.5 ft) bgs.

Logging of nearby borchole (299-E25-10) 59 ft north of the trench did not detect Cs-137, indicating
minimal lateral spread of contamination. The distribution shown by sarmple data and logging data showing
maximum concentrations of Cs-137 (40 pCi/g) and U-238 (560 pCi‘g) in the top 0.3 mto 34 m(l R 1o

11 ft) bgs) agree that the most contaminated arca will be from about 5.5 m to 10.7 m (18 to 35 ft) bgs,
medium amounts of contamination to 15.2 m (50 fit) bgs, and low contamination befow 15.2 m (50 ft) bes.

Although deeper contamination could pose a potential threat to groundwater, soil-sampling data, the
volume of effluent discharged, and groundwater-monitoring data confirm the contaminant distribution
model (DOE/RL-2000-60, Rev, 1, Figure 3-11) showing that the 216-A-19 Trench likely did not impact
groundwater. Moisture logs confirm this by showing no major areas of wemness for transport of mobile
constituents to groundwater. Current groundwater risk screening identifies nitrates and uranium in soils
above groundwater protection PRGs.
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Table 2-2. 200-PW-2/200-PW-4 Operable Unit Representative Sites and Associated Analogous Waste Sites. (25 Pages)

W , i i Contaminant Inventory Efftuent | Soil Pore
Waste Site* Co::tt:-:c:ieos,o:ndg.ll’?:p?:e Site and Discharge History | TetalU Total | Am-241 | Cs-137 Sr-90 | Nitrate | NPH [N2,Cr,0,] TBP Volume | Volume Rationale
- &) | Pu | ) | © | @ | ¢ | o [ 60 | o | ™ |
ANALOGOUS WASTE SITES TO BE EVALUATED BY THE 216-A-19 TRENCH MODEL
216-A-1 Crib The 216-A-1 Crib operated during The 216-A-1 Crib operated during  |1.$3 E+02 |1.00E-01 444E02 |422E0?2 |80 98 1,980 As described below, the 216-A-1 Cnib is analogous to or bounded by its representative site the
1955 for disposal of depleted uranium | November and December of 1955, 216-A-19 Trench with regard to process knowledge, contaminant inventory and distribution, effluent
{216-A-1 Cavemn, waste from cold startup tests at during cold startup testing at volume received, and/or groundwater impact:
216-A-1 Trench) PUREX. The crib is located inside the | PUREX; during that time it Lessthan | Equalto Equalto rep [Greater  |Less than EfMuent
200 East Area perimeter fence received 98,400 L (26,000 gal)of | rep site. rep site. site. thanrep  |rep site. volume to 1. Configuration: Both sites are unlined disposal sites that are both the same surface and depth, although
extension; east of 241-A Tank Farm, {depleted uranium waste. Some site. pore volume | this site is a specific retention crib and the representative site is a trench.
next to the 216-A-7 Crib. Thiscribis |Cs-137, Co-60,and SR-90 also are ratio: 0.05
2 drain-field-type crib approximately  |present. When the specific (1.38E+02) (0) @ (0 @ (1.07E+03) |(0) -) © 2. Waste stream origin/volume: Both sites received the same cold startup waste from PUREX, ahthough
91 mx9.1m(30 ftx30Nt)atthe retention ¢capacity was reached, the this site received Tess effluent.
bottom and is 4.57 m (15 i) deep. The |site was deactivated by removal of
side slope from the surface to the overground piping and 3. Contaminant inveniory: This site contains the same or smaller inventory of the primary radionuclide
approximately 2.1 m (7 ft) decp is backfilling. contaminants, making the representative site a bounding condition.
1:1.5 and from approximately 2.1 m
(7 ) to site bottom is 1:2. The crib 4. Geology: Both sites are located in the 200 East Area {ncar PUREX), and their geology is similar.
was fed by a 15 em (6 in.) perforated
pipe nmning horizontally a1 2.7 m 5. Extent of contamination: The representative 216-A-19 Trench site will be 2 bounding condition with
{9 M) below grade with twoe 9.1 m regard to overall extent of contamination, because it received significantly more waste over & longer
(30 ft) lengths of 15 em (6 in.) period of operations. However, the contamination distribution is expected to be similar for both sites,
perforated pipes placed because both received similar contaminants at low volumes relative to soil pore volume. For this site, as
perpendicularly to the first length of for the representative site, the major zone of contamination will be near the trench bottom (about 15 ft):
pipe, forming an H pattern. Thereis a
15 cm (6 in.) vertical riser, from the 6. Groundwater impact: For both sites, the effluent discharge volurne is well below pore volume,
bottomof the crib 1o 7.6 cm (3 in.) comrelating well with the conceptual contaminant distribution predicting no groundwater impact from this
above original grade, in the center of site,
the crib. The crib has two layers of
sisa! fiber paper separating the gravel
fill from the backfill. There is
approximately 1.8 m (6 ft) of coarse
rock in the excavation bottom. The
site was backfilled with about 0.6 m
(2 ft) of material in 1992,
216-A-3 Crib The 216-A-3 Crib began operations in | The ¢nb operated from 1956 to 1.66 E+03 |2.00 E-01 458E-02 |4.31 E-02 1,050 952 As described below, the 216-A-3 Crib is analogous to or bounded by its representative site the
1956 for disposal of PUREX waste. 1981. The site received 216-A-19 Trench, with regard to process knowledge, contaminant inventory and distribution, effluent
{216-A-3 Cavern) The crib is located in the 200 East 3,050,000 L (806,000 gal) of silica . volume received, and/or groundwater impact:
Area. It is a drain-ficld-type ¢crib that | gel regencration waste and pump Lessthan | Similarto Similarte |Simitarto
is approximately 6.1 mx 6.1 m (20 ft x| house drainage from 203-A Acid | rep site. rep site. . |repsite. rep site. Efffuent 1. Configuration: Both sites are unlined disposal sites of the same approximate depth, although this site
20 ft) at the bottomand is 4.88 m Pump House (PUREX) and heating I 0 is a specific retention crib and the representative site is a trench that is slightly smaller.
(16 ft) deep. The side slope surface to | coil condensate drainage from the vo umel
approximately 2.1 m (7 M) deepis | UNH storage pit tanks. The waste |(2.64E+03) |(1.74E-03) | (2.69E05) | (2.45E-02) [(2.08E02) |(.65E+04)|(0) ) (0) i 32 |2 Waste stream originAolume: The PUREX waste streams reccived by these sites are different, and this

1:1.5 and from approximately 2.1 m
(7 1) to the site bottom is 1:2. The
crib is composed of a 10cm (4 in.)
perforated pipe running horizontally at
2.4 m (B ft) below grade with two

6.1 m (20 ft) lengths of 10 em (4 in.)
perforated pipes placed
perpendicularly to the first length of
pipe, forming an H pattern. Thereisa
15 cm (6 in.) vertical riser, running
from the bottom of the crib to
approximately 7.6 cm (3 in.) above
original grade, in the center of the crib.
Two layers of sisal fiber paper separate
the gravel fill from the backfill. The
unit has about 2.4 m (8 ft) (280 m*
[10.000 f*]) of gravel fill and has been
backfilled.

contained uranium, Cs-137, Sr-90,
and Ru-106.

site received a greater volume of effluent.

3. Comtaminant inventory: The contaminant inventory for this site for primary waste stream
radionuclides is generally less or only slightly greater than the rep site {e.g., uranium was less, plutonium
was slightly higher). However, the 216-A-19 Trench still bounds this site, because the site inventory
identifies the same primary radionuclides (but not nitrates) but in higher quantities.

4. Geology: Both sites are located in the vicinity of PUREX in the 200 East Arca, and their geology is
similar.

5. Extent of contamination: Although effluent discharges ta this site exceeded pore volume and the
representative site did not, the contamination distribution should be similtar and comelate with the
conceptual contaminant distribution model. This is because the discharge occurred over a much longer
period of time (<2 years for the rep site and 15 years for this site) so had less chance to overwhelm pore
volume with farge individual discharges. As a specific retention crib with an enginecered retention
capacity, this crib retained much of the contamination in the vicinity of the crib bottom (about 15 deep).

6. Groundwater impact: Although the volume of efTluent exceeded crib pore volume at this site, the
lower contaminant inventory of mobite contaminants (i.e., more mobile nitrates were not discharged to
this site in significant quantitics), so this site is not anticipated to have impacted groundwater.
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v Contaminant Inventory Effluent | Soil Pere
Waste Site* (‘fo::tt:usgieoﬁ 0:35‘;?::;:; Site and Discharge History | TotalU | Tota! | Am-241 | Cs-137 $r-90 | Nitrate | NPH |Ns,Cr,0,] TBP Volume | Volame Rationale
'+
) ¢ |Pu@ | n | € | © [ o0 | 6 | & | o | ™ | W
216-A-18 Trench The 216-A-18 Trench is an unlined The 216-A-18 Trench operated 1.39E+03 |1.0E-01 444 E-02 |420E02 |730 488 13,050 As described below, the 216-A-18 Trench is analogous to or bounded by its representative site the
trench located outside the 200 East during 1955 and received 488,000 L 216-A-19 Trench with regard to process knowledge, contaminant inventory and distribution, effluent
(216-A-18 Area perimeter fence; east of the AX [ (229,000 gal) of depleted uranium volume received, and/or groundwater impact:
Excavation, Tank Farm. It is approximately 24.4 m | waste from the cold startuprun st |Lessthan  |Equalto Equaltorep |Equalto  |[Less than Effluent
216-A-18 Grave, X 24.4 m (30 ft x 80 ft) at the bottom | the 202-A Building (PUREX). Tep site, rep site. site, rep site.  [rep site. volume to 1. Configuration: Both sites are untined trenches of the same depth, although this site is much larger.
216-A-18 Sunp, and is 4.9 m (16 ) deep. The Later it received contact condenser pore volume
216-A-18 Crib) excavation side slope is 1:2. The cooling water from the ratio: 0.04 |2, Waste stream originfvolume: Both sites received the same waste stream (PUREX cold startup waste
trench is composed of 3 40.6 cm 241-A-431 Tank Farm Ventilation ((6.82E+02) [(0) (1)) (({0)) ) (529E+03)|(0) (=) {0 and condenser cooling water from the 241-A-431 Tank Farm Ventilation Building) although this site
(16 in.) il pipe nmming horizontally at| Building via the 216-A-34 Ditch. received far less effluent.
2.1 m{(7 ft) below grade with four The site was deactivated by removing
2t m (70 ft) lengths of 20cm (8 in.) | the above-ground piping and 3. Contaminant inventory The inventory of primary radionuclides at this site is simitar, although less
distribution pipes placed backfilling the excavation afier the nitrates are reported.
perpendicularly to the first length of | specific retention capacity was
pipe. These four distribution pipes are, | reached. 4, Geology: These trenches are located adjacent to each other, and their geology is similar.
in tun, connected to each other at their
ends by two 20 cm (8-in.) pipes, 18 m S. Extent of contamination: The 216-A-19 Trench should be a bounding condition for distribution of
(60 ft) in length. There are eight contarnination because it received more effluent and the quantity of effluent was greater relative to site
10 cm {4 in.) vertical risers, twe 20 cm size (pore volume). This site also received the same or smaller quantities of the primary radionuclides.
(8 in.) vertical risers, and two 20 cm
(8 in.) vent filters. Thereis 6. Groundwater impact: This site received a similarly Jow volume of efftuent relative to site pore volume
approximately 2.1 m (7 fi) of coarse and had a much srraller reported incidence of highly mobile nitrates, indicating a low potential for this site
rock below the fill and distribution to have impacted groundwater.
pipes and approximately 2.1 m (7 fi}of
backfill above these pipes. The site
was surface stabilized in 1990.
216-A-20 Trench The 216-A-20 Trench was constructed | The 216-A-20 Trench operated 401 E+02 |1.0E-01 443 E02 [(420E-02 1210 261 1274 As described below, the 216-A-20 Trench is analogous to or bounded by its representative site the
in 1955 for disposal of PUREX cold | during 1955 and received 961,000 L 216-A-19 Trench with regard to process knowledge, contaminant inventory and distribution, effluent
(216-A-20 Test Hole, | startup waste from the (254,000 gal) of PUREX 202-A volume received, and/or groundwater impact:
216-A-20 Grave, 202-A Building. Itis located eastof | cold start-up waste containing Lessthan  |Equalto Equaltorep |Equzlto  |Less that
216-A-20 Sump, the 200 East Arca perimeter fence and | depleted uranium and nitric acid. | rep site. rep site. site. repsite.  [rep site. Effient 1. Configuration: Both sites are unlined trenches that are essentially the same size and depth.
216-A-20 Crib) north of the 216-A-8 Crib. Itis Later it received contact condenser volume to
approximately 76 mx 7.6 m (25 fix |cooling water from the ° 2. Waste stream origin/volume: Both sites received the same waste stream (PUREX cold startup waste
25 Nt} long and is 4.57 m (15 ft) deep. [241-A-431 Tank Farm Ventilation |(6.21E+02) |(6.06E-03) | (2.70E-03} |(O} (4.15E-04) [(1.45E+03)| (0) —) {0) pornevgl;rsne and condenser cooling water from the 241.A-431 Tank Farm Ventilation Building at simitar volumes and
The trench was fed by aboveground | Building from overflow of the ratio: 0. cssentially the same volume relative to site pore volume.
piping. The site was deactivated by 216-A-34 Dich.
removing the above-ground piping and 3. Contaminant inventory: This site contains significantly Tess uranium and nitrates that are mobile
backfilling the excavation after the constituents and the same or smaller quantities of the other primary radionuclides.
specific retention capacity was
reached. The site was surface 4. Geology: These trenches are located in the 200 East Area adjacent to each other, and their geology is
stabilized in 1990. similar.
5. Extent of comtamination: The 216-A-19 Trench should be a bounding condition for distribution of
contamination, because this site received Tess effluent overall, less effluent relative to size and pore
volume, and equal or lesser quantities of primary radionuclides.
6. Groundwater impact: This site received a simnilarly low volume of effluent relative to site pore
volume, and lower quantities of more mobile uranium and nitrates and, therefore, as with the
representative site, had little potential to have impacted groundwater.
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Waste Site Configuration,

Contaminant Inventory

Effluent

Soil Pore

Waste Site* Construction, and Purpose | Sit¢and Dischargellistory | Toaly | Total [Am-241| Cs-137 | Sr-90 | Nitrate | NPH |Na,Cr,0,| TBP | Volume Vo!";;'e Rationale
(ke) | Pu@ | ©p | n | @ | Go) | G®) | () | (ko) (m) (m
216-A-22 French The 216-A-22 French Drain began The 216-A-22 French Drzin —_ - - - - - - - 10 63 As described below, the 216-A-22 French Drain is analogous to or bounded by its representative site the
Drain operating in 1955 for disposal of operated from 1955 to 1958 and 216-A-19 Trench with regard to process knowledge, contaminant inventory and distribution, effluent
incidental spillage during uranyl received 10,000 L (2,600 gal) of volume received, and/or groundwater impact:
{216-A-22 Crib) nitrate hexahydrate (UNH) transfers. | liquid drainage from the 203-A Efftuent
This drain was located along the north | Acid Pump House (PUREX) truck volume to 1. Configuration: Both sites are unlined excavations, both approximately 15 to 16 ft deep, although the
wall of the PUREX 203-A Acid Purmyp |loadout apron, 203-A Acid Pump pore volume | 216-A -19 Trench is much larger.
House. The drain was approxirmately | House enclosure sump waste, and ratio: 0.15
4.9 m (16 ft) in diameter at grade and | heating coil condensate from the 2, Waste stream originfvolume: Both sites received liquid waste from PUREX operations containing
1.8 m (6 ft) in diameter at the bottom [ P-1 through P-4 UNH tanks. This uranium, but the quantity of effluent was small in comparison to that received by the 216-A-19 Trench,
with a truncated cone shape and was | waste was low in salt, neutral to and an inventory of primary radionuclide contaminants was not developed for this site.
4.9 m (16 ft) deep, with a side slope of | basic, and contained uranium. The
3:1. Two 10 em (4 in.) efMuent pipes | site was covered over with clean 3. Contaminant inventory: The french drain received primarily uranium and in far less quantity, making
are associated with the French drain.  [soil after a release was reported in the 216-A19 Trench a bounding condition.
Ome pipe entered the erib 0.5 m (1.5 ) | 1959 (UPR-200-E-17) and another
above the original grade but was release in 1961 when a UNH tank 4. Geology: Both units are located near PUREX in the 200 East Arca &nd have similar geology.
covered over by contaminant truck overflowed on the loading
stabilization. The pipe from the truck |apron at 203-Z into the French 5. Extent of contamination: The extent of contamination is bounded by the 216-A-19 Trench, because the
loadout apron enters the site drain. The 216-A~-22 French Drain french drain received far less effluent, received less effluent relative to pore volume and waste contained
horizontally, 2.4 m (8 f1) below grade. is no longer visible. After 1961, (primarily uranium), and has no reported inventory of other radionuclides.
Approximately 3 m (10 ft) of gravel this waste was diverted to the
fills the excavation bottom, which was [216-A-28 Crib. 6. Groundwater impact: Volume of effluent is very small and is low relative to soil pore volume and, .
covered with sisal fiber paper, and then similar to the 216-A-19 Trench, has no rezsonable potential to have impacted groundwater.
the site was backfilled. _ _
UPR-200-E-17 The UPR-200-E-17 site was a spilt to | UPR-200-E-17 occurred sometime As described below, UPR-200-E-17, which occurred to the surface of the 216-A-22 French Drain is
the surface of the 216-A-22 French between 1955 when the 216-A-22 analogous to or bounded by the French drain’s representative site, the 216-A-19 Trench, with regard to
(Overflow at Drain that occurred sometime between | French Drain began operations and process knowledge, contaminant inventory and distribution, effluent volume received, and/or groundwater
216-A-22, 1955, when the drain entered July 1959 when report HW-60807 impact.
UN-200-E-17) operations, and July 1959 when the was issued. The report indicated
spill was reported. The spill and drain | that the spill occurred when the 1. Configurarion: Both sites are discharges to bare soil, this release being a discharge to clean backfill
are focated north of PUREX and the | 216-A-22 French Drain inlet failed, over the contaminated 216-A-22 French Drain. The release is conservatively estimated to cover the entire
203-A Acid Pump House, near the releasing waste to the 216-A-22 surface of the French drain ata depth of 3 ft, because there were no hydraulic drivers beyond normal
216-A-28 Crib. This area is within the | French Drain surface and tuming precipitation.
203-A Acid Pump House chained the ground surface yellow with
radiation zone. The contamination is |uranium. In 1959, the spill area was 2. Waste stream originfvolume: Both sites received liquid waste from PUREX operations that contained
assumed to be 3 ft deep into the covered with dirt. The uranium was uranium angd no significant quantities of other radionuclides. However, because the trench wasa
otherwise clean crib overburden. from urany! nitrate hexahydrate

Waste site dimensions are unknown.

(UNH) storage. However, the
volume released is unknown.

designated deposal site, the UPR site effluent volume was rmuch smaller, making the 216-A-19 Trench a
bounding condition. .

3. Contaminant inventory: The UPR received UNH that was primarily uranium and in far less quantity
than the 216-A-22 French Drain that was bound by the 216-A-19 Trench, making the trench a bounding
condition for this UPR.

4. Geology: The spill has the same geology as the 216-A-22 French Drain that is 2nalogous to and
bounded by the 216-A-19 Trench representative waste site.

5. Extent of contamination: As a spill of UNH to the otherwise clean backfill surface of the 216-A-22
French Drain, the contamination is expected to be similar (primarily uranium) and is included in the
216-A-22 French Drain contaminant inventory that is itse!f bounded by 216-A-19 Trench. Although this
site has been covered over with clean soil, as a shallow contamination, it has potential for low human
health and ecological direct contact risks in the 0 to 5 fi zone that have not been evaluated by the
representative site investigation. :

6. Groundwater impact: As incidental spill(s) and not routine discharges, the volume of effluent is small
relative to soil pore volume, and the risk to groundwater from this UPR is bounded by the 216-A-19
Trench, which had no groundwater impact.
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Contaminant Inventory

Effluent | Soil Pore
Waste Site* éi:i:ﬁg:oﬁf::ﬁ?;z; Site and Discharge History | Toral U | Total | Am-241| €s-137 Sr-90 | Nitrate | NPH |N2,Cr,0,] TBP Volume | Volume Rationale
ke | P | @ | @ | © | &0 | 6 | k) | @ | ™) | )

216-A-28Crib The 216-A-28 Crib began operations | The 216-A-28 Crib operated from [ 27 E402 o —_ — — 300 - - 30 191 As described below, the 216-A-28 Cnib is analogous to or bounded by its representative site the 216-A-19
n 1958 for disposal of liquid waste 1958 to 1967 and received 30,000 L Trench with regard to process knowledge, contaminant inventory and distribution, efffuent volume
from PUREX 203-A Acid Pump {7,900 gal) of liquid waste from the received, and/or groumdwater impact:
House surnps and heating coil 203-A Acid Purmp House sumps Less than Less than Effluent
condensate from the UNH tanks. This |and from heating coil condensate | rep site. rep site. volume to 1. Configuration: Both sites gre unlined excavations, except that this site is shallower (11 ft vs 15 fi) and
crib is located near the northwest from the UNH tanks. The waste pore volume | is much smaller,
corner of the 203-A Acid Pump House. | was low in salt and neutral to basic ratio: 0.16

It was constructed in a truncated cone
shape, is circular, is 6.1 m (20 ft) in
diameter at grade, and is 3 m (10 ft) at
the bottom, and 3.35 m {11 ft) decp.
The ¢crib contains a 10 cm {4 in.)
perforated pipe approximately 5.2 m
(17 ft) long extending horizontally

1.2 m (4 ft) below gradeand a Scm
(2 in.) diameter perforated stainless
steel liquid level riser pipe, 4 m (13 fY)
long. The excavation contained
gpproximately 2.7 m (9 ft) of gravel
filt and was backfilled to grade.

A polyethylene layer separates the
gravel fill from the backfill,

and contained uranium. Until 1958,
this waste stream had gone to the
216-A-22 French Drain. In
November 1967, the effluent flow
rate to the site exceeded the
infiltration ¢apacity and the site was
deactivated. In 1981, the center of
the unit was excavated and disposed
of and backfilled to grade.

2. Waste stream origin/volume: Both sites received liquid waste from PUREX operations that contained
uranium but, because the effluent volume was small in comparison to that received by normal process
waste disposal sites, the 216-A-19 Trench is a bounding condition.

1. Contaminant inventory: The crib waste was occasionally cormosive, was primarily uranium and nitrate,
and was far less in quantity, making the 216-A-19 Trench a bounding condition.

4. Geology: Both units gre located near PUREX in the 200 East Area and have similar geology.

5. Extent of contamination: The extent of contamination is bounded by the 216-A-19 Trench, because the
crib received far Jess effluent, less effluent relative to pore volume, contained primarily uranium with no
reported inventory of other radionuclides, and underwent extensive remediation activities in 1981.

6. Groundwater impact: Similar to 216-A-19 Trench, this site has no reasonahle potential to have
impacted groundwater, beczuse the velume of effluent discharged to the site is far smaller than, and
efTiuent velume is also low relative to, soil pore volume.
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W 1 ‘ Contaminant Inventory Efftuent | Soll Pore
Waste Site* Co;sstt:us::ieof:,:ng‘;’:l‘:p::’e Site and Discharge History | TotatU | Total | Am-241| Cs-137 | Sr-90 | Nitrate | NPH |[Ns,Cr,0,] TBP | Volume | Volume Ratlonale
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216-5-8 Trench The 216-5-8 Trench began operating | The 216-S-8 Trench operated 1.93 E+02 |2.00 E+00 492E+00 |386 E-01 [100 10,000 10,033 As described below, the 216-5-8 Trench is analogous 10 or bounded by its representative site the 216-A-19
in 1951 for disposal of 202-S during 1951 and 1952 and received Trench with regard to process knowledge, contaminant inventory and distribution, effluent volume
(Cold Aqueous (REDOX) startup waste. The trench is | 10,000,000 L (3 Mgal of received, and/or groundwater impact:
Trench, Cold located in the 200 West Area on the unirradiated urmium startup waste |Lessthan [ Greater Greater than [ Greater Less than EfMuent
Agueous Crib, east side of SX Tank Farm and from 202-S (REDOX.) that was rep site. than rep rep site, thanrep  |rep site. volume to 1. Configuration: Both sites are unlined trenches but this site is deeper (25 fi vs 15 i) and larger.
216-8-3, southwest of the 216-5-1&2 Cribs. It {acidic, containing uranium waste site. site. pore volume
Unirmadiated is unlined and is approximately 30.5 m | from REDOX startup and test runs. ratio: 0.9% |2. Waste stream originAolume: 216-8-8 received 202-S (REDOX) waste and 216-A-19 Trench received
Uranium Waste x1B3m(100 R x60fyandis 76 m | The crib was retired when startup (PUREX) waste. These waste streams were both from plant startup activitics having uranium as the
Trench, Cold (25 R) deep. This trench has been testing was completed and the (1.03E-01) [(0) (0) ()] ) (1.40E+06) | (0) {—) {0) primary contaminant end some fission products. The 216-A-19 Trench contains significantly more
Aqueous Grave backfilled to grade. discharge of startup waste ceased., uranium. This site received more effluent, but the same efTluent quantity relative to soil pore volumne
The crib was deactivated by {0.89 v$ 0.99).
removing the above-ground piping
and backfilling the vnit. In 1994, 3. Comaminant inventory: The 216-A-19 Trench is bounding for the primary (and mobile) contaminants
the ¢rib surface was interim uranium and nitrate. However, this site contains more Cs-137 and Sr-90 than the representative site,
stabilized.
4. Geology: The 216-5-8 Trench is located in the 200 West Area, and the representative site is located in
the 200 East Area. The geologics should be sufficiently similar for an analogous determination.
5. Extent of comtamination: The 216-A-19 Trench is bounding for overall extent of contamination.
Although this site received more of some contaminants and is 10 ft deeper, this site received significantly
lower quantities of the more mobile contaminants uranium and nitrate and, although smaller, the
representative site received the same quantity of ¢ffluent relative o pore volume creating the same
hydraulic conditions.
6. Groundwater impact: Because this site received Tow mobility contaminants and the volume of effluent
received did not exceed soil pore volume, this site is not likely to have contaminated groundwater.
216-A-34 Ditch The 216-A-34 Ditch began operations | The 216-A-34 Ditch operated from 2,100 11,990 As described below, the 216-A-34 Ditch is analogous to or bounded by its representative site the
in 195$ for disposal of PUREX 1955 to 1957 and received 216-A-19 Trench with regard 1o process knowledge, contaminant inventory and distribution, effluent
(216-A-34 Crib) 241-A-431 Tank Farm Ventilation 2,100,000 L (555,000 gal) of volume received, and/or groundwater impact:
Building contact condenser cooling PUREX 241-A-431 Tank Farm Effluent
water. This site is located castof the | Ventilation Building contact volume to |1. Configuration: Both sites are unlined trenches, although this site is a shallower ditch (6 fivs 15 1t).
200 East Area perimeter fence and condenser cooling water containing pore volume :
north of the 216-A-8 crib. Itis less than 1 Ci of total beta activity. ratio: 0.175 |2. Waste stream originolume: Both sites received PUREX waste streams, although this site received the
approximately 85 m(280f)x9m The efftuent volume received by Tower activity contact condenser waste and the 216-A-19 Trench received PUREX startup waste. The
(30 1) long and is 1.8 m (6 ft) deep. this ditch was conservatively actual volume of effluent received by this site was conservatively reported at a higher volume than it likely
The site consists of 2 headwall reported as a sum of the total actually received.
structure tapering off into an open volumes reccived by the 216-A-20
ditch, which terminated at the Trench (test hole) and the 216-A-19 3. Contaminant inventory: The 216-A-19 Trench received PUREX startup waste containing a signiffcant
216-A-20 Trench. The ditch was Trench, although this approach does inventory of radionuclide contaminants, whereas this site received only low-activity contact condenser

extended to route this effluent to the
216-A-18,216-A-19, and 216-A 20
Trenches. The ditch has been
backfilled and was stabilized in 1990,

not consider that these sites
received a different waste stream
from aboveground piping.

waste and, as such, had no reportable contaminant inventory.
4. Geology: This site is collocated with the 216-A-19 Trench, and they have the same geology.

5. Extent of contamination: The extent of contaminant spread is bounded by the 216-A-19 Trench
because this site is shallower, likely received less effluent than reported, and had a significantly lower
activity level, As a shallower site, this site contamination is closer to the surface and represents a slightly
different exposure scenario.

6. Groundwater impact: As a shallow ditch with no reportable contaminant inventory and with a low
volume of low-activity efTluent relative 1o pore volume, this site has no reasonable potential to have
contaminated groundwater.
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Waste Site Configuration,

Contaminant Inventory

Efflvent

Soil Pore

Waste Site* Construction, and Purpose Site and Discharge History | TotatUu Total [ Am-241| Cs-137 Sr90 | Nitrate | NPH [Na,Cr,0,|] TEP Volume | Volume Rationale
(ke) Pa(g) | (Ch) (Ci (i (kg) (kg) (kg) (kg) (m”) (m)
UPR-200-E-145 UPR-200-E-145 was initiated in 1993 | Although initiated relatively As described below, UPR-200-E-145 is analogous to or bounded by its representative site the 216-A-19
and is the site of 2 release of waste recently (1993), the Trench with regard to process knowledge, contaminant inventory and distribution, effluent volume
(WO049H Green Soil, |from the 216-A-8 Crib Proportional | UPR-200-E-145 site contamination received, and/or groundwater impact:
VCP Pipeline Leak) |Sample Pit #2 to the 216-A-34 Ditch. | primarily was vranium oxide from
This site is tocated cast of the A Tank | past practices on the Hanford Site, 1. Configuration: This site is contaminated soil resulting from a leaking VCP pipeline that remains in
Farm entrance and northeast of the The site was discovered when high place and represents a much smaller and shallower area of contamination.
242-A Evaporator Building. Itis radiation levels were found in an
approximately 1I2m @40 ) x 1.8 m excavation, above a buried vitrified 2. Wasie stream origin/volume: Both sites received uranium-bearing PUREX waste. No volume of
(6 ft) and 0.91 m (3 ) decp. clay pipeline that carried waste efTluent has been assigned to this release, although this release from a sample line is presumed to be far
from the 216-A-8 Crib Proportionat less than the volume of effluent disposed of at the 216-A19 Trench disposal facility.
Sample Pit #2 to the 216-A-34
Ditch, which was removed from 3. Contaminant inventory: No contaminant inventory has been identified for this relcase but the primary
service in 1957, The 216-A-34 contaminant released is uranium. This site is bounded by the 216-A-19 Trench, which has a high uranium
Ditch primarily received PUREX

241-A-431 Tank Farm Ventilation
Building contact condenser cooling
water containing low levels of
radioactivity (less than 1 Ci total
beta activity). The volume reteased
is unknown; however, the release
would have occurred sometime
between 1955 and 1957, when the
crib was operating. Sampling
showed that the soil contamination
was primarily uranium oxide
reaching to a depth of 3 fL.

inventory, whercas an inventory for this site has not been estimated.

4. Geology: Because both sites are located in the same portion of the 200 East Area, their geology is the
same,

5. Extent of contamination: Although a pipeline leak contaminant distribution model is different thana
trench, this site is bounded regarding the extent of contamination, because this site is shallower, received
Tess effluent votume, and contained primarily only uranium oxide. As a shallow contamination area,
although low inventory, this site could present low human health and ecological risks in the 0 to 3 ft zone
that have not been addressed by the rep site and may require consideration of an alternative remedial
action.

6. Groundwater impact: As a UPR, this is not an engineered disposal site with a design pore volume.
However, given that this site received essentially only uranium oxide and much less effluent than the
216-A-19 Trench (which has not anticipated groundwater), this site also has no reasonable potential to
have contarminated groundwater.
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Contaminant Inventory

Effluent | Soil Pore
Waste Site* é:::::usci:;oﬁf:::;?;z:; Site and Discharge History | TotalU | Total | Am-241| Cs-137 Sr-90 | Nitrate | NPH |N2,Cr,0,] TBP Volu:me Volume Rationale
(kg) Pufg) | (CD) (€h cn (ke) (kg) (kg) (k) (m) ()
REPRESENTATIVE SITE
216-B-12 Crib The 216-B-12 Cnb was constructed in | The crib received process 210E+04 [3.74 E+02 716 E+02 |793 E+01 520,000 18,300 Radiological contamination was detected beneath the 216-B-12 Crib (0 a depth of 91.5 m (302 f1) bgs
1952 to dispose of condensate waste | condensate from the 221-U and {water table). Maximum radionuclide concentrations were Jocated at or above 12.1 m (40 fi) bgs, which is
(216-ER Crib, from 221-U (U Plant), 224-U (UO,), |224-U Buildings and the 221-B the major zone of contarnination. When actively receiving effluent, the 216-B-12 Crib was about 7.9 m
216-ER-1,2,3 Cribs) |and 221-B Plant (B Plant). The crib is | Building from November 1952 until |(1.S1E+04) |(3.21E+00) (5.36E-02) | (3.26E+02) [(1.20E+02) |(286E+06) |(1.71E+01) =) () Effluent {26 it) deep on one end and 9.1 m (30 ft) deep on the downgradient end. The crib was deactivated,
located in the 200 East Arca about December 1957, It was inactive volume to backfilled, and covered with a plastic liner in 1974 and further stabilized with 0.6 m (2 1) of clean soil in
305 m (1,000 ft) northwest of the from Decernber 1957 until May pore volume {1993.
221-B Building. Thecribis 1967. From May 1967 until ratio: 28.4
approximately 49 mx 15 m{160 fi x {November 1973 the crib received Maximum concentration for primary waste stream radionuclides detected in crib soils:
50 ft or 8,000 fi) at the bottom and is | process condensate from the * Thorium-230 1.19pCi/g at 4.4 m (14.5 L bes)
gpproximately B m {26 ft) deep on one |221-B Building viaa 15 cm (6 in.) o Tin-126 0.742 pCi/gat 44 m(14.5 A bgs)
end and 9 m (30 ft) deep on the vitrified clay pipe, including e Tritium £.28 pCi/g at 4.4 m (14.5 i bgs)
downgradient end. The excavation has | limestone that was used for * Cesium-137 61,900 pCi/g at 10.8 m (35.5 ft) bgs
side slopes of 1:1. The crib is a series | neutralization of the waste stream. « Europium-155 34.9 pCi‘g at 10.8 m (35.5 A1) bgs
of three cascading. SmxSmx3m During W‘ims, the crib received » Plutonium-239/240 390 w‘,g 108 m (355 n) bgs
boxes made from 15 em x 20 em (6 in. | (140 Mgal) of liquid condensate * Poussium-40 i 8pCiigat60.2m( ) bes
: . . . Total radioactive strontium 12,700 pCi/g at 10.8 m (35.5 M) bys
x 8 in.) Douglas-fir placed in an that was low in salt, neutral to basic * . A
excavation 9m (30 i) deep. The  |containing larger amounts of * Uranium-2337234 4.90pCi/gat12.2m (40 ) bs
wooden boxes are connected by a urznium, fission products, TEP, and * Uranium-238 12.1 pCifg 2t 12.2 m (40 ) bgs.

15 cm {6 in.) vitrified clay pipe. The
bottom 4 m (12 ft) of the crib contains
1.3 om (0.5 in.) gravel backfill, 12 m
(4 1) of which underlie the boxes. Itis
not known whether the gravel backfill
merely surrounds the boxes or fills
them. The cribs subsided gradually to
a final depression of 1.5 m (5 i) in and
the subsidence was backfilled (and the
fill line blanked) in 1973, In 1974, the
crib was stabilized with layers of sand
and gravel, with a plastic liner to deter
vegetation growth. An additional

0.6 m (2 1) of clean soil was added in
1993. The cribs continue to have a
possible cave-in potential.

ammonium nitrate {(approximately
180,000 kg [396,832 1b]). The
216-B-12 Crib was deactivated in
November 1973,

The following are maximum concentrations of other radionuclides discharged: Actinium-228 (1.02 pCifg),
Americium-241: (2.00 pCi/g), Bismuth-21 4 (1.05 pCi/g), Carbon-14 (3.30 pCi/g), Lead-214 {1.08 pCi/g),
Radium-226 (1.05 pCi/g), Radium-228 (1,02 pCi/g), Thorium-228 (7.54 pCi/g), and Thorium-234

(2.01 pCifg).

Maximum concentrations for primary nonradioactive contaminants discharged to the crib:

e Arsenic 7.30 mg/kg a14.4 m (14.5 fi bgs)
¢ Bis(2-ethylhexyl)phthalate 18.0 pg/kg at 4.4 m (14.5 ft bes)
+ Boron 1.30 mg/kg at 4.4 m(14.5 ft bgs)
» Nitrate (as N) 165 mg/kgat 4.4 m(35.5 i bgs)
 Nitratemitrite (as N) 126 mg/kg at 4.4 m (50 i bes)

& Uranium (total) 28.0 mg/kg at 4.4 m (355 N bgs).

Geophysical logging and lab data for Cs-137, U-238, and Eu-154 generally agree on the vertical
distribution of the radionuclides. Soil data, effluent discharge volume, and groundwater monitoring data
confirm the conceptual model indicating that the 216-B-12 Crib may have impacted groundwater. The
presence of nitrate in deep soils, identified in process history but not assigned a designated contaminant
inventory, has been confirmed by sampling. However, current groundwater monitoring identifying 1-129
&nd Nitrate (as N} plumes extending from B Plant, which are also possibly beneath the crib does not
identify the enib as a source of the contzmination and does not report exceedances of groundwater
parameters in wells associated with the crib. Current modeling indicates that tritium could reach
groundwater at trace levels afier approximately 526 years.

The conceptual contaminant distribution modct (DOE/RL-2000-60, Rev. 1, Figure 3-12) correlates well
with the characterization results (i.¢. , most mdionuclides and metals were found in the predicted
high-contamination range [4.5 mto 19.7 m (15 to 65 ft) bgs], and those found in elevated concentrations
farther down the borehole were in the predicted medium-contamination range [to 303 m (100 ft) bgs)
[(except chromium at 30 p/m at the 91.5 m (302 ft) bes level]).
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Table 2-2, 200-PW-2/200-PW-4 Operable Unit Representative Sites and Associated Analogous Waste Sites. (25 Pages)

Contaminant Inventory Effiuent | Soll Pore
Waste Site* é‘;:;:ﬁgfﬁ"::g‘;‘;’m; Site and Discharge History | TotalU | Total | Am-241| Cs-137 | Sr-90 | Nitrate | NPH [Na,Cr,0,] TBP | Volume | Volume Ratlonale
’ ) | P | .| & | @€ | ® | ) | ke) | e [ ™) | (w)
ANALOGOUS WASTE SITES TO BE EVALUATED BY THE 216-B-12 CR18 MODEL
216-B-60 Crib The 216-B-60 Crib was constructed in ] The 216-B-60 Crib was specifically {720 E+02 [8.00 E-02 8.00 E+00 — 18.9 438 As deseribed below, the 216-B-60 Crib is analogous to or bounded by its representative site the 216-B-12
1967 for disposal of solid and liquid | built for solid and liquid wastes Crib with regard to process knowledge, contzminant inventory and distribution, effluent volurne received,
wastes generated from the cleanout of |generated from the cleanout of the and/or groundwater impact:
the 221-B Plant Canyon Building cell | 221-B Building cell drain header Lessthan  [Less than Less than
drsin header. This cribis located in | and operated during November and | rep site. rep site. rep site. Effluent 1. Configuration: Both sites are bottom-exit specific retention cribs but are constructed difTerently. The
the 200 East Arca atthe westend of | December of 1967, The first volume to 216-B-60 crib is roumd steel caissons whereas the representative 216-B-12 Crib is square wooden boxes,
the 221-B Building under o portion of |caisson received 185,706 L volume This site, at 40 ft deep, is approximately 10 ft deeper.
the 225-B Building (WESF). The crib | (4887 gal} of sludge solids and was |(6.33E-01} |(L.11E+00)|(2.93E-06) [(2.79E-03) |(2.28E-03) |(1.84E+02) =) ()] f:i.:' 0.04 ’
was constructed of two steel vertical | capped with concrete. The second " 2. Waste stream originvolume: Both sites received 221-B cell waste streams, except that because the
cascading caissons positioned side by |caisson received a small volume of 216-B-60 Crib was for a single cell drain residual cleanout campaign, it received significantly less effluent
side that are 2.4 m (8 f1} in diameter, | flush water, The crib received but more sludge and solids,
4.2 m(14 1) tal!, and covered by 18,900 L (5,000 gal) of ¢MMuent that
46 cm {18 in.)-thick concrete tops. was low in salt, neutral to basic 3. Contaminant inventory: 216-B-12 Crib received waste streams containing the same primary
The south caisson has 324 mx 4 mx |containing uranium, plutonium, radionuctides. However, as a single, short duration campaign, this site received significantly less effluent
20cmthick (B fix 13 ftx Bin)slab |Ce-144, Cs-137, and Eu-154. than the 216-B-12 Crib making the representative site a bounding condition. 216-B 12 Crib sampling
artached to its upper rim. The depth confirms the presence of uranium, plutoniumn, Cs-137, and Europium isotopes detected in compuosite
from grade level to the bottom of the sampling of the 216-B-60 Crib solid waste (sample numbers B-814, B-815, and B-816) but not identified
caissons is 12.19 m (40 ft). The two in the waste inventory for this site. Composite samples of the 216-B-60 Crib solid waste also detected
caissons received waste viaa 0.6 m Ce-144, which is not listed in the site inventory and was not detected at the 216-B-12 Crib.
(24 in.) line, which was plugged after
cleanout, and the czissons were 4. Geology: Both sites are located near B Plant on the west side of the 200 East Area, making their
backfilled to grade. The site is geology similar.
covered by the southeast comer of the
225-B WESF and cannot be surveyed. 5. Extent of contamination: Because the site reccived a quantity of effluent waste that was small and even
smaller relative to pore volume, it is anticipated that much of the waste remains within and just below the
crib structure, consistent with the 216-B-12 Crib contaminant distribution.
6. Groundwater impact: This site received significantly less effluent than the representative site and used
only 2 smal! fraction of the calcutated pore volume, suggesting that this site, contrary to the representative
site that impacted groundwater, had little potential to have impacted groundwater.
216-C-3Crib The 216-C-3 Crib was constructed in | The 216-C-3 Crib operated during {450 E+01  {1.0 E+00 424 E-02 [28.04 E+0O 5,000 1211 As described beltow, the 216-C-3 Cnib is analogous to or bounded by its representative site the 216-B-12
1953 for disposal of process 1953 and 1954 and received Crib with regard to process knowtedge, contaminant inventory and distribution, efTfluent volume received,
(201-C Leaching Pit) | condensate from C Plant (Hot 5,000,000 L (1.3 Mgal) of process and/or groundwater impact:
Semiworks). It is located in the condensate from 201-C, the 215-C  [Lessthan [ Less than Lessthan  |Less than
200 East Area within the farger posted | Gas Preparation Building, and the | rep site. rep site. rep site. rep site. Effluent 1. Configuration: Both units are specific retention cribs but this site is a drain-field-type crib and the -
URM area known 2s the Stabilized Hot | 271-C Aqueous Makeup and volume to representative site is a box-type crib. This site is much smaller at 500 ( vs 8000) ft? and much shallower at
Semiworks Area (200-E-41). Itis Control Building, which contained volume 10 ft { vs 26-30 f&) dcep for the representative site.
approximately 152 mx3Im (50 it x nitric acid, uranium, and other (4.54E+00) |(1.24E-02) | (2.34E-02) | (2-19E+00) [(9.7BE+00)}(7.65E+04)[(0) (~) [0} r:i:' a1
10 ) and is 3 m (10 ft) deep. The cnib | fission products from experimental t 2. Waste stream originfvolume: Both sites received process condensate generated during from REDOX
consists of 15 ¢cm (6 in.) pipes resting | REDOX runs. startup testing, except that this site received significantly less effluent {100 times less) as condensate
on a welded wire fabric over a gravel derived from processing of this waste at C Plant.
bed, which created & drain-field-type
crit. The inlet piping entered the crib 3. Conraminant inveniory: The site has significantly lower inventories of the primary waste stream
2.4 m (3 f1) below grade. The crib was radionuclides, making the 216-B-12 Crib a bounding condition.
deactivated by blanking the infet
pipetine and backfilling the excavation 4, Geology: These sites are both located in the west portion of the 200 East Arca, and their geology is
with sand and gravel. In 1979, the sirnilar.
area containing this crib and several
others was stabilized by leveling and 5. Extent of contamination: The potential extent of contamination for this site is significantly less
adding sand, a fayer of plastic, and because the site is shallower, received significantly tess effluent volume as a hydraulic driver, and has a
gravel. More stabilization work was smaller efMuent-to-pore-volume ratio,
done in the arca in 1992 and 1999, the
latter related to the development of the 6. Groundwater impact: Although the effluent exceeded pore volume, the actual volume of effluent
200-E-41 Stabilized Hot Semiworks received was relatively low, suggesting that this site had a much lower potential to have affected
Area waste site. groundwater,
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Table 2-2. 200-PW-2/200-PW-4 Operable Unit Representative Sites and Associated Analogous Waste Sites. (25 Pages)

Waste Site Configuration,

Contaminant Inventory

Effleent

Soil Pore

Waste Site* Construction, and Purpose Site and Discharge History | TofalU Tota! | Am-241| Cs-137 Sr-90 | Nitrate [ NPH |Na,Cr,0,] TBP Yolume Volual;:e Rationale
(kg) Pu(g) | (CD) (Chn L)) (kg) (kg) (kg) (ke) (m') (m

216-C-5Crib The 216-C-5 Crib was constructed in | The 216-C-5 Crib operated during  |5.40 E+01 [ 1.00 E+00 444 E-02 |420 E+00 I8 484 As described below, the 216-C-5 Crib is analogous to or bounded by its representative site the 216-B-12
1955 for disposal of 201-C (Hot 1955 and reccived 37,900 L. Crib with regard to process knowledge, contaminant inventory and distribution, efflluent volume received,

{200-E-41) Semiworks) high-salt waste from (10,000 gal) of PUREX startup un and/or groundwater impact:
PUREX startup tests. The eribis high-salt waste (HSW} from the Less than Less than Less than Less than Effluent
Tocated in the 200 East Area within the | 201-C Building, containing nitric | rep site. rep site, rep site. rep site. volume to 1. Configuration: Both units are specific retention cribs, but this site is a drain-field-type crib and the
Stabilized ot Semiworks Area acid, uranium, and other fission pore volume | representative site is a box-type crib. This is much smaller at 2,200 ( vs 8000) fi* and mmuch shallower at
(200-E-41). Itis & drain-field-type crib| products. Some waste had passed ratio: 0.08 | 16 1t vs 26-30 fi} deep for the representative site.
approximately 6.1 mx3mQ0ft x through the 241-CX-71 (2.07E+01) [(0) ) (0 0 lca.22E4+02) [ (0) (=) (1))
10 fi) at the bottorn. The excavation | Neutralization Tank. 2. Waste stream originvolume: This site received waste derived from experimental use of PUREX
has a tnncated wedge-shaped cross waste, although this site received significantly less effluent (13, 000 times less), making the 216-B-12 Crib
section. The crib received waste via a bounding condition.
15 ¢m (6 in.) diameter galvanized,
corrugated, perforated piping placed 3. Contaminant inventory: This site contains the same primary radionuclides but in significantly lower
horizontally at 3.4 m (11 ft) below quantitics and so is bounded by the 216-B-12 Crib.
grade. The waste release point is
1.5 m (5 ft) from the site bottom. The 4. Geology: These sites are both located in the west portion of the 200 East Area, and their geology is
site was approximately 16 ft deep. similar,
Two 6.1 m {20 f} lengths were placed
perpendicularly to the § cm (2 in.) 5. Extent of contamination: The potential extent of contamination at this site is considerably less than the
diameter inlet pipe, forming an bounding 216-B-12 Crib, because this site is smaller, shallower, received far less effluent, and efMuent
H pattern. The site contains discharge did not exceed pore volume as did the 216-B-12 Crib.
approximately 1.8 m (6 ft) or 74 m’
(2,600 fY*) of gravel fill and has been 6. Groundwater impact: Because of the low overall volume of effluent received by this site and because
backfilled. The surface area was later cfffuent velume did not exceed pore volume, this site had little likclihood of impacting groundwater.
stabilized in 1979 and is now known as
the Stabilized Hot Semiworks Area
200-E-41. The crib was deactivated in
1955 by valving out the effluent
pipeline when the specific retention
capacity was reached

216-C-7 Crib The 216-C-7 Crib was constructed in | The 216-C-7 Crib operated from 100E02 |1.10 E+00 $I4E-02 15.12F02 60 0967 As described below, the 216-C-7 Crib is analogous to of bounded by its representative site the 216-B-12
1961 for disposal of effluent from the | 1961 to 1983 and received 60,100 L Crib with regard 1o process knowledge, contaminant inventory and distribution, effluent volume received,
209-E Critical Mass Laboratory, which | (15,900 gal) of liquid waste from and/or groundwater impact:
performed criticality experiments on | the 209-E Critical Mass Laboratory, | Less than Less than Lessthan  [Less than Effluent
Pu and enriched uranium solutions. generated during critical mass rep site. Tep site, rep site. rep site. volume to 1. Configuration: Both are engincered cribs with a specific retention, although this site is a drin-ficld-
The criby received condensate waste experiments that contained pore volume | type crib and the 216-B-12 Crib is a box crib. This site is shallower at 12 ft ( vs 24-30 it) deep and smaller
from the 209-E Critical Mass uranium, ptutonium, and limited ratio: 0.06 |at 2,250 ft? ( vs 8,000 Ai7).
Laboratory Valve Pit and Hold Up amowunts of Cs-137, Sr-90, and (3.65E-05) [(3.18E-08) () (0} (1)) 0 {(7.87E02) | (—~) (0)
Tank (209-E-TK-111} that contained | Ru-106. The crib was placed on 2. Waste stream originolume: Both sites received PUREX waste containing the same primary
plutonium and nitric acid. The cribis |standby in 1983. radionuctides, but as a laboratory disposal site, the 216-C-7 Crib received significantly less efftuent
located in the 200 East Area, {a2pproximately 500 times less).
southwest of the 209-E Building, and
inside the 209-E exclusion area fence. 3. Contaminant inventory: Both sitcs contain the same primary radionuclides, but this site contains
Itis a drain-field-type crib that is significantly less contaminant inventory. Although process knowledge identifies a potential for this site to
approximately 13.7mx 152m {45 it have received Ru-106, representative site 216-B-12 sampling did not detect this constituent.
x 50 f) at the surface; approximately
6.1 mx 6.1 m(20 ft x 20 fi) at the 4. Geology: These sites are both located in the west portion of the 200 East Arca, and their geology is
bottorn, and 3.66 m (12 fi} dcep. The similar.
crib received waste via a S5 em (2 in.)
diameter process waste line that fed 5. Extent of contamination: The potential extent of contamination at this site is small compared to the
into 2 0.15 m (6 in.) diameter, bounding 216-B-12 Crib because this site is smaller, shallower, and received far less efftuent, and the
perforated vitrified clay pipe placed efTluent discharged did not exceed pore volume as did the 216-B-12 Crib.
horizontally 3 m (9 fit) below grade on
a bed of gravel. Two lengths of clay 6. Groundwater impact: The low overall volume of efTluent received by this site and the fact that efMuent
pipe were placed perpendicularly to volume did not exceed pore volume, suggests that this site, contrary to the rep site, had little liketihood of
the first clay line, forming an impacting groundwater.
H pattern. The site contains 123 m’
(4,100 f®) of gravel fill and has been
backfilled.
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Table 2-2. 200-PW-2/200-PW-4 Operable Unit Representative Sites and Associated Analogous Waste Sites. (25 Pages)

Contaminant Inventory Effuent | Soil Pore
Waste Site Configuration .
Waste Site* Constructlon, amf Purpos,e Site and Discharge History | Tataly Total | Am-241| Cs-137 Sr-90 | Nitrate | NPH [Na,.r,0,| TBP Volume | Volume Rationale
¢ | P | @ | @ | @ | o | & | G0 | @ | (M (m’)
216-C-10Crb The 216-C-10 Crib was constructed in | The 216-C-10Crib opf:ratcd from |500E-02 |L.50E-Ot 855E02 [3.45E+00 297 387 As described below, the 216-C-10 Cnb is analogous to or bounded by its representative site the 216-B-12
1964 for disposal of process 1964 to 1969 and received Crib with regard to process knowledge, contaminant inventory and distribution, eflfuent volume received,
condensate from the 201-C Hot 897,000 L (237,000 gal) of process and/or groundwater impact:
Sﬂl"l'llie ZOOgls:w mﬂ!:e':s:m;:;: cfrt:‘dct;sea;:):n-g :BC'dll; . “?Ste s [Rese han Losshan - fLess than 1. Confi; th eered fi ibs, aithough d ib
in , S0u o m uilding containing | rep site. rep site. Tep site, rep site. . Configuration: Both are engin specific retention cribs, zlthough this site is a drain-field-type cri
201-C Building. It is approximately |strontium, cerim, cesium, and ETuumtt and the 216-B-12 Crib is a box ¢rib. This site is shallower (8 ft vs 24-30 f1) and significantly smaller
o8mx1.5m{32ftx 5 fMyand promethium from strontium and e me'o (160 ft* vs 8,000 ft)).
app_v‘l:;in?alelg g ft dgg. ;n?_s:e rare-¢arth meal recovery (6.52E03) |(2.12E-02) |(1.42E-01) | (4.40E+00) [(1.96E+01)](1 07E+01)|(0) =) () e 23 . olome: Both ed PUREX derived hough o
amived via 8 7.6 cem (3 in.) diameter [ experiments. ) . Waste stream origi. ume: Both sites recei erived waste, a is waste was
stainless steel pipe, located 201-C Building rare-earth recovery experiments using PUREX waste. This site received significantly less
horizontally, 1.2 m (4 ft) below grade. effluent (approximately 580 times less).
Because such cribs typically drained to
atleast 3 to 4 ft of gravel for waste ). Contaminani inventory: Both sites contain the same primary radionuclides, but this site contains a
retention, this crib is expected to have significantly smaller inventory. Process knowledge identifies a potential for promethium and cerium
been about 8 ft deep. The site slope is because of the nature of the 201-C rare-earth recovery experiments performed using PUREX waste.
1:1.5. 'In‘l;e site contains 48 m’ However, these radionuclides were not detected in 216-B-12 Crib soils.
(1,700 ft') of gravel fill and has been
backfilled with dirt. The crib was 4. Geology: These sites are both located in the west portion of the 200 East Area, and their geology is
surface stabilized in 1989, and in sirnilar.
July 2000 the vent risers were sealed to
prevent possible passive radicactive 5. Extent of contamination: The potential extent of contamination at this site is small compared to the
emmissions. bounding 216-B-12 Crib, because this site is smaller, shallower, and received far less effluent, although
effluent volume excecded pore volume (by 2 times), as did the 216-B-12 Crib. ‘
6. Groundwaier impact: The low overall volume of efTluent received by this site, even though efMuent
volume exceeded pore volume, suggests that this site, contrary to the representative site, had little
likelihood of impacting groundwater.
209-E-W3-8 The 209-E-WS-3 site is the 209-E This site operated from 1960 to As described below, the 209-E-WS-3 site is analogous to or bounded by its representative site the
Critical Mass Laboratory Valve Pit and | 1989 to hold condensate from the 216-B-12 Crib with regard to process history, contaminant inventory and distribution, effluent volume
(Critical Mass Hold-Up Tank (209-E-TK-111) that is | 209-E Critical Mass Laboratory, received, and/or groundwater impact:
Laboratory Valve Pit |located underground, near the south | which contained plutonium and
and Hold-Up Tank | end of the 209-E Critical Mass nitric acid. The tank currently is 1. Configuration: This site is a storage tank and concrete valve pit, as opposed to an unlined disposal crib
(209-E-TK-111), Laboratory in the 200 East Arca. This |considered inactive but may still and is therefore configured differently. However, this site is bound by the 216-B12 Crib because it is
IMUST, Inactive tank began operating in 1960 for contain some condensates, much smaller {overall 35 i) and shallower (3.8 fi deep).
Miscellaneous storage of condensate from the 209-E | primarily water with only small
Underground Storage | Critical Mass Laboratory prior to concentrations of plutontum. 2. Waste stream originfvolume: Both sites received the same 209-E Critical Mass Laboratory waste,
Tank) release to the 216-C-7 Crib. The valve | Condensate drained from the 209-E

pitisal.Smx2.1mx2.1 mdeep

(5 ftx 7 A x 7 ft), in-ground concrete
pit with 15 cm {6 in.) thick walls,
which extends 0.9 m (3 ft) above grade
and has a steel lid. It houses an air
filter, sample port, pump assembly,
valves, and associated piping. Tank
209-E-TK-111 has a 189 L (50-gal)
capacity, is located beneath the valve
pit, and is lined with cadmium. ltis
approximately 2.4 m long x 9 cm wide
xt2mdeep(8Ntx3.5inx 38 R).
The elevation at the bottom of the tank
is 205.86 m (675.4 ). The tank rests
on an approximately 2.4 mx 30 cm
{7.6 ft x 12 in) settling pad that is

15 em (6 in.) thick.). The north edge
of the tank is ebout 0.9 m {3 ft) south
of the south wali of the 209-E Critical
Mass Laboratory s Critical Assembly
Room and abuts the east side of the
exhaust equipment pad.

Critical Mass Laboratory into the
holding tank undemneath the valve
pit. There is no history of leaks
from this tank.

although as a waste conduit and not a disposal site, this site has no reportable effluent volume.

). Contaminant inventory: As atemporary holding tank that acted as a waste conduit with no known
history of leaks, this tank docs not have a reported soil column inventory. However, the tank could
currently contain some residual waste (<50 gal).

4. Geology: This site is close to the 216-B-12 Crib in the 200 East Area, and their geology is the same.

8. Extent of contamination: The 216-B-12 Crib is bounding for extent of contamination for the tank (and
for any tank removal area), because the curment site inventory is limited to the tank volume (<50 gal) and
any waste residucs remaining on tank surfaces, and because this waste site has no reported soil column
inventory. If waste had been discharged via unreported leaks, the releases would be shallower, because
the tank bottom is only 3.8 deep and would have constituents similar to those of the 216-C-7 Crib, which
also is bound by the 216-B-12 Crib.

6. Groundwater impact: As a storage tank with no reported history of contamination and no reported soil
colurmn inventory, this site has no reasonable potential to have impacted groundwater.
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Table 2-2. 200-PW-2/200-PW-4 Operable Unit Representative Sites and Associated Analogous Waste Sites. (25 Pages)

Waste Site Confl d Contaminant Inventory Effluent | Soil Pore
niiguration
Waste Site* Co:sst:-u ct:on,oandg Purpos,e Site and Discharge History | TotalU Total | Am-241 | Cs-137 Sr-90 | Nitrate | NPH |[Na2,Cr,0,] TBP Volume | Volume Rationale
&e) | Pu | ) | ©» | @ [ 0 | & | G0 | & [ ™ | ™
270-E-1 The 270-E-1 site is the 270-E The 270-E-1 Neutralization Tank As described below, the 270-E-1 waste site is analogous to or bounded by its representative site the
Condensate Neutralization Tank, operated from 1952 to 1957 as part 216-B-12 Crib with regard to process knowledge, contaminant inventory and distribution, efTluent volume
(270-ECNT, 270-E  |216-ER-1, which was installed in 1952 | of the 270-E Neutratization Facility received, end/or groundwater impact:
Condensate as part of the 270-E Neutralization to neutralize acidic process
Neutralization Tank, |Facility. This facility is located in the |condensate from the 221-B and 1. Configuration: This site is a buried metal waste neutralization tank that acted as & conduit to the
216-ER-1) 200 East Area for neutralization of 224-B facilities, via the 241-ER-151 216-B-12 Crib for waste and is not an unlined near-surface liquid waste disposal site. Atapproximately
acidic process condensate from the Diversion Box. The waste 20 ft deep, this site is 6 to 10 fit shallower than the crib and is much smaller in size.
221-B Plant and 224-B Concentration |contained acidic process condensate
Facility from the 241-ER-151 precipitates, saft, uranium, minor 2. Waste stream originfvolume: Both sites received 221-B waste streams githough, because this site wasa
Diversion Box. The tank is located | plutonium, TBP, and other beta waste conduit and not & disposal site, the volume of waste received is inconsequential,
west of the 221-B Plant, near the emitters. Tank inspection in 1974
southwest comner of the 216-B-64 estimated the studge volume at 3. Contaminant inventory: Doth sites received the same primary radionuclides but, as a waste conduit
Retention Basin. The condensate 14.4 m* (3,800 gal). Volume of with no kmown history of spills, no contaminant inventory has been identified for this site. The current
neutralization tank is 2.7 m (9 ) in releases (if any) is unknown, tank inventory is limited to only the waste that could not drain from the tank under normal operating
diameter with an approximate because there is no reported history conditions and waste residues on tank surfaces. Becguse such residual waste and waste refeased from the
15,840 L (4,185 gal) capacity. Thisis |of lcaks. The neutralized waste was tank, if any, would be shallower, of much smaller quantity, and would contain similar constituents, the
an underground steel tank witha 1 m | discharged to the 216-B-12 Crib, 216-B-12 Crib is bounding for the tank.
(40 in.) carbon steel charging riser The description of waste site 4
uscd for adding limestone {neutralizing | UPR-200-E-64 documents that ants 4. Geology: Both sites are Tocated in the 200 East Area, and their geology is the same.
agent). The tank is buried brought contamination to the
approximately 20 ft (derived) decp and | surface in the vicinity of the 5. Extent of comtamination: The potential extent of contamination for this site will he much less because
also had a 15 cm (6 in.) diameter riser | 270-E-1 Neutralization Tank and there is no known history of spills, which (if any) would be smaller, shallower, and incidental versus
extending to the surface from the tank |caused contamination to spread to designed disposal. i
top. The tank stands verticallyon a surrounding soil.
0.46 m (1.5 ft) thick concrete pad. 6. Groundwarer impact: There was no known history of disposal of waste to the soil colurrm at this site,
Waste entered the tank through a $0 no polential exists for groundwater contamination from this tank.
7.6 cm (3 in.) inlet pipe at the base of
the tank, which forced the waste
through the neutralizing limestone bed
and the 15.2 ¢m (6 in.) overflow outlet
piping that discharged 2.4 m (8 fi)
above the tank bontom. Because of the
design of the tank and the orientation
of the inlet and outlet piping, waste
may remain in the tank and some of
the inlct piping. The inlct and outlet
lines have been capped
UPR-200-E-64 UPR-200-E-64 was initiated in 1984 to | The UPR-200-E-64 site consists of As described below, the UPR-200-E-64 waste site is analogous to or bounded by its representative site the
identify radiological near-surface soil | migrating radioactive speck 216-B-12 Crib with regard to process knowledge, contaminant inventory and distribution, effluent volume
(UN-216-E-64, contamination {speck contamination) | contamination that was identified in received, and/or groundwater jmpact:
Radioactive Soit and |located in the 200 East Area adjacent |1984. The contamination was
Ant Hills, to the west side of 216-B-64 Retention | transported to the surface by anis as 1. Configuration: This site is near-surface speck contamination (not a disposal structure} that, although it
UN-200-E-64, Rasin. The most likety source for this | they burrowed into contaminated is larger in surface area, is shallower (now 2 ft deep since the site was stabilized). It was primarily wind
UN-216-E-36) is & ‘swab riser’ associated with an soil. This location is a posted

underground pipeline in the vicinity of
the 270-E-1 Neutralization Tank. As
of 1995, this site it was approximately
8,100 m’ (2 2). Tn March 2001, the
contaminated area was surface
stabilized with 2 fi of clean backfill
and reposted as an Underground
Radioactive Materials area.

radiological surface contamination
arca that has increased in size
because of wind and, es of 1995,
was approximately 8,100 m*

(2 acres). The contamination
consists primarily of Cs-137 and
Sr-90. The volume of
contamination released is unknown,
and the depth of contamination also
is unknown but is conservatively
placed st 3 ft.

spread.

2. Waste stream originAofume: This site did not receive effluent, but instead received the same waste
constituents in the form of contaminated residues tracked to the surface by ants and then spread by wind,
accounting for the current site size.

3. Comtaminant inveniory: As very near-surface (2-3 it deep) speck contamination, the contaminant
inventory is minimal, shallow, and bound by the 216-B-12 Crib.

4. Geology: The sites are both located in the 200 East Area, and their geology is sirnilar.

5. Extent of contamination: Although larger in surface area, this site as a speck contamination area did
not receive effluent, contains no designated waste inventory, is much shallower, and so is bounded by the
216-B-12 Crib. Because the nezr-surface contamination is shallower than the 216-B12 Crib, this site has
potential human health and ecological risks in the 0 to 15 ft zone that have not been evaluated by the
representative site investigation.

6. Groundwater impact: This site docs not represent a release of effluent and sc has no potential to have
impacted groundwater.
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Table 2-2. 200-PW-2/200-PW-4 Operable Unit Representative Sites and Associated Analogous Waste Sites. (25 Pages)

\Vaste Site Confl " Contaminant Inventory Efffuent | Soil Pore
aste Site Configuration
Waste Site* Constructlon, andg';’u rpos’e Site and Discharge History | TotalU | Total | Am-241 | Cs-137 $r-90 | Nitrate | NPH |Ns2,Cr,0,] TBP Volume | Velume Rationale
& | P | € | © | ) | o | & | 6 | o | ™ | )

REPRESENTATIVE SITE
216-5-7Crb 'll'g; 62:‘6-3-7 Cn'l; u;_uls co:struclc‘:‘ in -IF;; 6216;3-67501: opera vl:;l from 256 E+03 |4.40 E+02 7.03E+02 |1.39 E+03 |110,000 390,000 8,361 Cg?t;pigtimho\:rascicsl;;m:‘ bcr!nth the 2|6-S-‘{ Cn’l:;.lo a dcprllldqf '6)88 l;‘l (ng.':' ﬂ).bgls (gwnc!watcr

or disposal of liquid waste from to and recei table) in Borchole . Maximum concentrations for most radiological and chemical contaminants
(216-8-15) 202-S (REDOX) D-1 and D-2 cell 390,000,000 L (103,000,000 gal) of were near the crib bottom at 6.7 m (22 ft). Cnb subsidence was backfilled in 1992 and possibly again later

tanks. The crib is located in the 202-S process waste cell drainage  |(3.41E+02) [(1.18E+03)|1 68E+01) |(9-79E+02) |(1.47E+03)1(4.32E+05) (o) (- ) making backfill material depth greater than 0.6 m (2 f1).

200 West Area northwest of the

202-S Building. This crib replaced the
216-5-1 and 216-5-2 Cribs. The waste
site consists of two roofed wooden
boxes, each49x49m(16x16 1)
square by 1.6 m (5.2 ft) centered

15.2 m (50 ft} apart. The excavation
was 15.2 x 30.4 m (50 x 100 ft) at the
bottom, 6.7 m (22 ft) deep, and has
side slopes of 1:1. The excavation was
28.7x439m (94 x 144 M) at the
surface. The boxes received liquid
waste througha7.6cm{3in.), 304 L
stainless steel pipetine buricd
approximately 4.6 m (15 i) bgs. The
pipe was covered with 2 gravel and
sand cover and then covered by a
vapor barrier (two fayers of heavy
construction paper) that extended over
the entircty of the gravel bed and
lapped up the side of the excavation
0.61 m(2 ). Two schedule 40, 10cm
(4 in.) risers extended from the roof of
the boxes to above grade (above grade
portions have since been removed). In
1992, at least 0.61 m (2 ft) thickness of
clean soil was placed over the site.

and process condensate containing
10,000 kg of nitrate, 40,000 kg of
alurminum nitrate, 250,000 kg of
nitric acid, and 7,000 kg of sodium
nitrate, sodium, plutonium,
uranium, and fission products. The
initial inventory may have included
25 Ci of Co-60 and 1,500 Ci of
Ru-106 and methyl isobutyl ketone
(hexone) as a primary separation
chemical for the REDOX process.

Effluent
volume to
pore volume
ratio: 46.6

Maximum concentration of primary waste stream radionuclides detected in crib soils were:

* Americium-24] 1,900 pCi/g at 7.3-8.1 m (24-26.5 N1) bps

o Cesium-137 20,000 pCi/g at 7.3-8.1 m (24-26.5 fit) bgs
o Neptunium-237 6.80 pCi/g at 7.3-8.1 m (24-26.5 1t) bgs

¢ Nickel-63 13.7 pCi‘g at 7.3-8.1 m (24-26.5 ft) bgs

¢ Plutonium-238 190 pCi/g at 7.3-8.1 m (24-26.5 fi) bgs

e Plutonium 239/240 11,000 pCi/g at 7.3-8.1 m (24-26.5 ) bps
« Potassium-40 16.2 pCi/g at 13.4-14.2 m (44-46.5 ) bgs
+ Strontium-90 53,000 pCi/g at 7.3-8.1 m (24-26.5 ) bgs
o Technetium-99 14.7 pCi/g at 7.3-8.1 m (24-26.5 ) bgs

+ Thorium-228 478 pCi/g at 7.3-8.1 m (24-26.5 ft) bgs

o Tritium 1,410 pCi/g at 47.3-48.0 m (155-157.5 i) begs
& Uraniem 233/234 230 pCi/g at 7.3-8.1 m(24-26.5 N) bgs

e Uranium-235 250pCi/g at 7.3-8.1 m (24-26.5 N) bgs

* Uranium-238 200 pCi/g at 7.3-8.1 m (24-26.5 M) bgs

Maximum concentration for nonradioactive contaminants in crib soils:

® Arsenic 7,090 pg/kg a1 47.3-48.0 m(155-157.5 M) bgs
& Hexavalent chrome 72mgkgetd4-52m(14.5t017 ft) bes

& Mercury 1.7mghkgat44-52m (1451017 N) bes

& Nitrate 53,000 pg /kg at 38.4-39.2m (126-128.5 M) bes
* Nitrate/nitrite 45,000 pg /kg at 68 -68.8m (223-225.5 f) bgs
& Silver IJomphgatd44-52m(14.5t0 17 M)bes

® LUranium 463,000 pg'kg at 7.3-3.1 m (24-26.5 ft) bes.

Geophysical logging data for Borehole C4557 and adjacent boreholes correlate well for Cs-137 and other
primary radionuclides. Borchole and laboratory data zlso gencrally agree on the vertical distribution of the
radionuclides (although the relative laboratory sample results for the same depths are consistently lower).

Soil data, efTluent discharge volume, pore volume to discharge ratio, and groundwater menitoring data
confirm the conceptual model indicating that the 216-C-7 Crib likely impacted groundwater. The
conceptual contaminant distribution mode! for 200-PW-2 and 200-PW-4 sites correlates well with the
characterization results (i.e. , most radionuclides and mctals were found in the predicted
high-contamination range, near the erib bottorn at 6.7 m (22 ft), and drop off markedly down the borehole,
excepl for the highly mobile contaminants (e.g., tritium) found in the vadose zone to groundwater.
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Contaminant Inventory

Effluent | Soil Pore
Waste Site* (‘::::::“Sgleoﬁ:'::dg';?;z:'e Site and Discharge History | Tetaiu Total | Am-241| Cs-137 Sr-90 | Nitrate | NPH |[N2,Cr,0,] TBP Volume | Volume Rationale
ke) [ Po | b | (€ | ) | &» | &) | o) | (ke (m) (m’)
ANALOGOUS WASTE SITES TO BE EVALUATED BY THE 216-5-7 CRIB MODEL
216-5-1&2 Cnbs The 216-S-14&2 Cribs were The 216-S-1&2 Cribs operated 225E+03 {120 E+03 1.10E+03  |1.25 E+03 [60,000 160,000 6,020 As described below, the 216-5-1&2 Crbs are analogous to or bounded by the representative site the
constructed in 1952 for disposal of ¢cll | from 1952 to 1956 and received 216-8-7 Crib with regard to process knowledge, contaminant inventory and distribution, eMuent volume
(216-S-5 Crib) drainage and process condensate from | 160,000,000 L (42 Mgal) of acidic received, and/or groundwater impact:
REDOX (202-S). Thecribislocated |cell drainage and process Lessthan  [Greater Greater than [Less than  |Less than
in the 200 West Area east of the condensate from REDOX (202-8) |rep site. than rep Tep site. rep site.  [rep site Less tha EM 1. Contamination: Both sites are similar box-type specific retention ¢ribs, and overall this site hasa
SX Tank Farm and southwest of the | liquid containing mitrate, sluminum site. than uent | srmaller surface area but is deeper.
241-5-151 Diversion Box. Rwas  |nitrate, nitric acid, sodium, $1-90, repsite | votume lo
approximately 27.4 mx 122 m (%0 ft |Cs-137, plutonium, and uranium. pcrevg : ’;’c 2. Waste siream originAolume: Both sites received the same 202-S (REDOX) cell drainage and process
x 40 ft) and is approximately 35 ft When the crib was abandoned it had | (2.22E+03) [(1.24E+03)((2.44E401}|(3.27E+02) [(9-59E+02)[(2.11E+05)|(0) ) (0) ratio: 26. condensate waste, although this site received less effluent.
deep. The site contains two received approximately 750,000 Ci
open-bottomed, square wooden crib | of mixed fission products. Waste 3. Contaminant inventory: This site contains more plutonium and Cs-137, but less uranium and Sr-90 and
boxes, placed 1.8 m (5.9 ) intoa was routed to the 216-5-7 Crib afler received less, but still significant, quantities of nitrates,
gravel layer. The bottom 3m (10 1) |the 1956 releass to groundwater
was filled with screened, crushed through & nearby well casing 4. Geology: These sites essentially are colocated in the 200 West Ares, making their geology similar,
stone. The crib boxes were (UPR-200-W-36).
constructed wvith 15cmx 15cm(6inx 5. Extent of contamination: ARhough this site is deeper at 22 (vs 35) Rt, the 216-5-7 Crib should bound
6 in.} timbers and cross braces. The this site for extent of contamination, because the efftuent volume was smaller, this site exceeded its pore
two crib boxes were connected in volume by 2 smaller multiplier, and this site contains tess of the rore mobile contaminants (uranium,
series, with overflow from the 216-S-1 $r-90, and nitrates).
Crib flowing into the 216-8-2 Crib via
a pipe. 6. Groundwater impact: The efftuent discharge to this site exceeded its pore volume significantly, and
reports of groundwater contamination (UPR 200-W-36) suggest that this site also impacted groundwater.
UPR-200-W-36 UPR-200-W-36 is an unplanned UPR-200-W-16 was identified in As described below, UPR-200-W-36 is analogous to or bounded by its representative site the 216-5-7 Crid
release from the 216-S-1&2 Cribs to | August 1955 and resufted from an with regard to process knowledge, contaminant inventory and distribution, effluent volume received,
{Groundwater groundwater from a ruptured test well |unplanned release to groundwater and/or groundwater impact:
contamination at 299-W22-3 casing that was identified | via a failed well casing that allowed
216-S-1 and in 1955. The well is located near the | 3 potentially significant quantity of 1. Contamination: This site is a contaminated groundwater monitoring well casing located at the east end
216-5-2) cast end of the 216-3-1&2 Cribs, east | process waste sent to the of this ¢rib and is not 2 box-type disposal crib but, by design, is deeper, going directly to groundwater
of the SX Tank Farm. 216-5-1&2 Cribs from June to level.
August 1955 (7,500,000 L

[1.9 million gal]), to bypass the crib
soil colurrm and go directly to the
base of the groundwater monitoring
well and therefore to groundwater.
The weste contained aluminum,
nitrate, nitric acid, sodium, Co-60,
Am-241, Cs-137, uranium, and
plutonium.  This contamination is
known to have reached
groundwater.

2. Waste stream originfvelume: This site received the same waste stream as the 216-5-1&2 Crib with
which it is colocated and that is bounded by the 216-5-7 Crib. As a contaminated structure, no significant
inventory of contaminants rernains.

3. Contaminant inventory: This site is the wel casing with residual contamination. No soil
contamination is associated with this release, because this site received waste from the surrounding crib
soils, 2!l of which went down the casing to groundwater.

4. Geology: This site i3 essentially colocated with the 216-5-7 Crib in the 200 West Area, making their
geology similar.

5. Extent of contamination: The contamination is expected to be limited to the well casing and the
affected groundwater. The exposure scenario is expected to be from contaminated groundwater.

6. Groundwaver impact: Although the volume of effluent discharged is unknown, it is known that the
efTluent went directly to groundwater and, therefore, this site impacted groundwater.
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Table 2-2. 200-PW-2/200-PW-4 Operable Unit Representative Sites and Associated Analogous Waste Sites. (25 Pages)

Contaminant Inventory Effluent | Soil Pore
. Waste Site Conflguration,
Waste Site Construction, and Purpose Site and Discharge History | TotalU | Total | Am-24t1| Cs-137 | Sr-90 | Nitrate | NPH |N3,Cr,0,| TBP | Volume | Volume Rationale
(xg) Pu (g) (%) (Ch) (CN (kg) (kg) (kg) (kg) (m’) (m’)

216-54 French The 216-S-4 French Drain was The 216-5-4 French Drain operated | — — — — 1 —_— —_ — 1,000 150 As described below, the 216-S-4 French Drain is znalogous to or bounded by its representative site the

Drain constructed in 1953 for disposal of from 1953 to 1956 and received 216-5-7 Cnb with regard to process knowledge, contaminant inventory and distribution, effluent volume
condensate and cooling water from 1,000,000 L (264,000 gal) of tiquid treceived, and/or groundwater impact:

(216-5-7,216-5-4 condensers on the 241-S-101 and condensate and cooling water from Effluent

Surmp or Crib, 241-S-104 tanks in the S Tank Farm. | condensers on the 241-5-101 and volume to 1. Contamination: Both sites for disposal of liquid waste to the soil colurm are 20 ft deep, but this site

UN-216-W-1) The crib is located in the 200 Waste | 241-5-104 tanks in the S Tank Farm pore volume | and the vertically placed metal culverts are much smaller.

Area, east of the 216-U-10 Pond, and | that contained small quantities of ratio: 6.7

northwest of the 216-5-21 Crib. It nitrate and fission products. 2. Waste stream origin/volume: Both sites received REDOX-refated waste, but this site received a much

consists of two rock-filled 0.8 m smaller fraction of the effluent volume.

(2.5 ft) diameter culvert pipes placed

vertically side by side and fed by an 3. Contaminant inventory: Waste stream constituents are potentially the same, but the volume of waste

aboveground pipe. The culverts are received at this site is so Jow that a contaminant inventory for this site was not established.

20 ft deep at the bottom. The site was

deactivated by removing the 4. Geology: Both sites are located in the 200 West Area, and their geology is similar.

aboveground piping. The site was

surface stabilized in 1991 with clean 5. Extent of contamination: Although this site is the same depth and the volume of effTuent received at

backfill. this site exceeded its pore volume, the site received far less effluent and has a smaller effluent-to-pore-
volume ratio; the effluent is not expected to have traveled as deeply in the soil column.
6. Groundwater impact: Because effluent volume substantially exceeded pore volume, this site may have
contaminated groundwater.

216-5-23 Crib The 216-5-23 Crib was constructed in | The 216-5-2) Cnb operated from (290 E-01  [9.94 E-01 3ATEHO0 (114 E+00 10 34,100 6,020 As described betow, the 216-5-23 Crib is analogous to or bounded by its representative site the 216-5-7
1969 for disposal of process 1969 to 1972 and received Crib with regard to process knowledge, contaminant inventory and distribution, effluent volume received,
condensate from the D-2 Receiver 34,000,000 L (9 Mgal) REDOX and/or groundwater impact:

Tank in 202-S (REDOX). Thecribis |process condensate fromthe D-2  |Lessthan  |Less than Lessthan | Less than

located in the 200 West Area northeast | Receiver Tank, containing low-salt |rep site. rep site. rep site. rep site. Effluent 1. Contamination: Both sites are retention cribs, although this site is & drain-ficld-type crib (not a box-

of the SY Tank Farm and north of the | process condensate with uranium, 1 uen type crib) that is 6 ft deeper and is much smaller.

216-S-9Crib. Itis approximately plutonium, fission products, and vo umerlo

110mx3m(360ftx10M)andis  |nitricacid. Thiscribreplacedthe |(1.57E-05) [(4.38E_05)|(3.39E-06) [(S-B3E-02) }(1.15E-03) |(1.91E+03) |¢py (=) 0 P°'"‘; ‘_’,"" 2. Waste stream originvolume: Both sites received the same REDOX D-2 cell waste stream except that

approximately 28 ft deep. Thisisa 216-S-9 Crib. 0 ratio: 3. this site received significantly less volume.

drain-ficld-type crib consisting of a

perforated pipe set in a gravel layer, 3. Contaminant inventory: This site received the same primary radienuclides and nitric acid as the

running the length of the crib. Atone 216-5-7 Crib but in much lower quantities.

end of the crib a filter and gage well

riser connects to the pipe. The rest of 4, Geology: Both sites are located in the same vicinity of the 200 West Area, and their geology is similar.

the crib contains backfill. The site was

interim stabilized with 0.6 m (2 fi} of 5. Extent of contamination: The extent of contaminant is bounded by the representative site, because this

clean fill in 1995 after soils from site received significantly fess effluent volume, and the volume of effluent exceeded the pore volume by a

UPR-200-W-165 were scraped up and smaller factor (6 times vs 46 times).

placed on the surface of the crib.
6. Groundwater impact: The relatively low volume of effluent received, the low effluent-to-pore-volume
ratio, the predominance of low mobility contarminants in the waste stream, and the low quantity or absence
of high mobility contaminants in the waste stream (e.g., uranium nitrates) suggests that this site hasa
limited potential to have impacted groundwater.
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Contaminant Inventory Effluent | Soil Pore
Waste Site* ét:i::f::;ogo::g';?:;:’c Site and Discharge History | TotalU | Total | Am-241| Cs-137 Sr-90 | Nitrate | NPH |Na,.Cr,0,{ TBP Volume | Volume Rationale
' ¢ | P | € | @ | @@ | ¢ | 60 | 0 | ¢p [ ™ | ()

216-T-20 Trench The 216-T-20 Trench is a small, In 1952 the 216-T-20 Trench $.00 E+00 449E-01 (328 E-01 [15.000. 189 66 As described below, the 216-T-20 Crib is analogous to or bounded by its representative site the 216-S-7
single-use pit dug in 1952 for disposal {received 18,900 L (5,000 gal) of Crib with regard to process knowledge, contamimant inventory and distribution, effluent volume received,

(216-TX-2, 216-T-20 | of contaminated nitric acid from the  [waste from the 241-TX-155 and/or groundwater impact:

Crib, 241-TX-155 241-TX-155 Diversion Box Catch Diversion Box Catch Tank Less than Lessthan  |Less than Effluent

Contaminated Acid | Tank. The pitis located adjacentto | containing contaminated nitric acid | rep site. rep site. tep site. volumeto  {1. Contamination: Both sites are unlined disposal sites, but this site is 2 much smaller and shallower pit

Grave) the north end of the 200 West Arca and fission products. pore volume | and is not an engineered disposal crib.

Power House Pond and is ratio: 0.29
approximately Imx 3Im (10t x 10 1) (1.0TE-03) |(2.90E-03) |(5.27E05) [(3-19E-01) |(7.64E-02) |(1.96E+O1) [0y () {0) 2. Waste stream originfvolume: The waste streams for this site were from T Plant, and the 216-S-7 Crib
and 4 ft deep. A concrete block waste was from S Plant (REDOX), but because during this time both plants were using the same
structure with a metal lid is situated on bismuth/phosphate plutonium separation process, the waste is expected to be similar. However, this site,
the surface of the site. During as a single-use pit, received a significantly smaller quantity of effluent.
deactivation, the aboveground piping
was removed and the site was 3. Contaminant inventory: Both sites received nitrates and the same primary radionuclides {except
backfilled. plutonium) but this site received these constituents in much smaller quantities. This site is likely to have
received plutonium but in such small quantities that a contaminant inventory was not established.
4. Geology: Both sites are located the 200 West Area, and their geology is similar.
5. Extent of contamination: The extent of contaminant distribution is boundcd by the representative site,
because this site is much smaller, much shallower {4 f v 20 fi deep), the quantity of waste received was
much smaller, and the efMluent volume did not exceed site pore volume. As a shallower contamination
area, although low inventory, this site could present human health and ecological risks inthe Oto 15 ft
zone that have not been evaluated by the representative site investigation.
6. Groundwater impact: The overall low volume of effluent received and the fact that the effluent
received did not exceed the pore volume suggests that this site did not irmact groundwater,

216-8-22 Crib The 216-S-22 Crib was constructed in | The 216-5-22 Crib operated from  [500E-02  |1.01 E-01 478E-01 |4.55E-01 |7.000 o8 585 As described below, the 216-8-22 Cnib is analogous to or bounded by its representative site the 216-S-7
1957 for disposal of liguid waste from | 1957 to 1967 and received 98,400 L Crib with regard to process knowledge, contaminant inventory and distribution, effluent volume received,
the acid recovery facility in the 293-5 | (26,200 gal) of liquid waste from and/or groundwater impact:

OfTgas Treatment Facility. This crib is | the acid recovery facility in the Lessthan  |Less than Lessthan | Less than

Tocated in the 200 West Area eastof | 293-S Building containing nitrate, | rep site, rep sile. rep site. rep site. Efffuent 1. Contamination: Both sites are unlined retention cribs, although this site is a drain-field-type crib (not a
the 202-S Building and northeastof | sodium, and fission products. The 1 ' box-type crib) that is long and narrow, having & much smaller surface arca, and is shallower (10t vs 20 ft
216-8-20 Crib and i3 approximately |crib was retired when production vo urnel o deep)-

305mx 1 m{100 ft x 3.5 fi) at the operations were shut down at (4.52E-08) |(1.26ET) [(977E-0%) [(1.7E-06) [(3.31E-06) | (6.44E+01} |(n) (=) () 'F:i‘l::\’g l;;!

bottomn gnd is 2.98 m (10 ft) deep. The | REDOX. T

crib is a drain-field-type gravel
structure with a side stope of 1:1.5.

A pipe enters the unit below grade,
branches out at right angles downward
to the bottom, and runs along the
bottom for the length of the unit. The
section of pipe along the crib bottom
has open joints. The rest of the
structure is filled with backfill.

2. Waste stream originAolume: Both sites reccived REDOX waste streams that were acidic and
radioactive, but this site received only a small fraction of the quantity of effluent.

3. Contaminant inventory: This site received the same primary radionuclides and chemicals (nitrate and
sodium) but contains a much smaller inventory of all contaminants and so is bounded by the 216-5-7 Crib.

4. Geology: Both sites are located in the 200 West Area, and their geology is simitar,
5. Extent of contamination: The extent of contamination is bounded by the 216-5-7 Crib, because this
site received a significantly lower quantity of effluent volume and contains a much smaller soil

contaminant inventory, and the efftuent discharge did not exceed site pore volume,

6. Groundwater impact: The very low volume of effTuent received, the low effluent discharged relative to
pore volume ratio, and the low contaminant inventory supgest that this site did not impact groundwater.
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Waste Site Configuration,

Contaminant Inventory

Effleent

Soil Pore

Waste Site* Construction, and Purpose | Sit¢ 20d Discharge History | TotalU | Total | Am-241| Cs-137 | Sr90 | Nitrate | NPH [Ni,Cr,0,] TBP | Volume | Volume Rationale
(kg) Pu (g) (CH) (Ci) (€N (kg) (xg) (kg) (g) (m') (')

REPRESENTATIVE SITE

216-A-10Crib The 216-A-10 Crib began operating in | The 216-A-10Crib operated from |2 41 E+02  [3.50 E+02 [7.73 E-01 |R.05E+01 [8.25 E+01 31210,096 [28072 Contamination was detected beneath the 216-A-10 Crib to a depth of 96.1 m (317 fi) bgs for
1956 for disposal of PUREX process | 1956 to 1987 and received 3.2 x 10° radionuclides. When actively receiving effluent, the ¢rib was about 13.6 m (45 i) deep. Maximum
distillate discharge. The crib was L (8.5 x 10° ga!) of liquid effluent. concentrations are mainty just below the bottorn of the ¢1ib from 15.8 mto 18.9 m (52 10 62.5 ft) bgs. The
initially 8 spare crib for the 216-A-5 | This site received only water from  |(3.58E+02) |(9.76E+02) [(7.53E+01){(2.84E+01) |(1.84E+01)|(1.92E+06)|(0) ) () Effluent crib was backfilled after 1986.
Crib. This crib is located in the 1956 to 1961, which was the date volurne to
200 East Area approximately 82 m that this erib began receiving pore volume | Maximum concentration of primary radionuclides discharged to the crib:
{270 ft) south of the southwest comer | contaminated liquid. From 1961 to ratio: 114.4 & Americium-241 1,320 pCi/gat 15.9 m (52 ft) bgs
of the 202-A (PUREX Plant) Building. | 1986 (except for 1978 to 1981 when s Cesiom-137 2,950 pCi/g at 19.1 m (62.5 ft) bgs
The crib has a wedge-shaped cross | it was inactive) , it received acidic e Plutonium-238 316 pCi/g at 15.9 m (52 M) bgs
section and ils 'ggk ﬁ"ﬁ “(i;lﬁ n gfl“_ilf!! Pwdceﬂ hif,f'f}’"’“‘?"goz A » Plutonium 239/240 7,110 pCi/g 2t 15.9 m (52 ft) bgs
approximately 96 mx 14 m x | distillate disc rom the 202- : ;
45 t) st the surface and is 14 m (45 1) | Building that contained uranium, ¢ Strontium-90 4.7 pCi/g st 38.9m (127.5 ) bes.

deep. The excavation has side slopes
of 1:1.5. Elevation at the surface was
218 m (714 ft). It has two layers of
vinyl plastic separating the gravel from
the backfill, two vent structures, a vent
box on a concrete pad, and three 15cm
(6 in.) risers extending from the
bottom to the vent structure. In 1962,
the original piping, 2 203 mm (8 in.)
vitrified clay distribution pipe placed
horizontally 9 m (30 fi} below grade at
the crib centerline, was replaced with a
203 rmom (8 in.) stainless stee] effluent
pipetine located on the east side of the
crib. Following operational use, the
crib was backfilied.

nitrate, tritium, Sr-90, 1-129,
Am-241, Cs-137, Pm-147, total Pu
(Pu-238, Pu-239, Pu-24], and 241).
This site was originally identified as
one of two RCRA TSD units in the
200-PW-2 OU,

Other radionuctides detected at lower concentrations: Carbon-14 (7.50 pCifg), Nickel-63 (2.13 pCifg),
Radium-228 (1.27 pCi’g), Technetium-99 (1.03 pCifg), Thorium-228 (2.11 pCi/g), Thorium-230

(1.10 pCi/g), Tritium (835 pCi’g), Uranium 233/234 (1.39 pCi/g), Uranium-238 (1.22 pCi/g), lodine-129
(38.8 pCi/g), and Potassium-40 (27.0 pCi/g).

Maximum concentration of primary nonradiological constituents discharged to the erib:
+ Nitrate (as N) 268 mgkgat 159 m (52 ft) bes

Other nonradioactive constituents {(maximum concentrztion): Beta-1.2,3,4,5,6-hexachlorocytlohexane
(0.007 mg/kg), Boron (0.290 mg/kg), 2-Butoxyethanol (0.025 mg/kg), 1-Chloropropane (.38 mgkg),
Methylene chloride (0.029 mg/kg), Pentachlorophenol (0.020 mg/kg), TPH-dieset (10,000 mg/kg), and
Tributyl phosphate (2,000 mg/kg).

Logging and analytical sample results agree with regard to the primary radiological constituent, maximum
concentration, and general distribution. Geophysical logging of Borchole C3247 identifies Cs-137 as the
primary man-made radionuclide detected, with 8 maximum concentration of 2,800 pCi/g from 13.7 m

(48 ) bes (bottorn of the crib) to 25.6 m (84 f) comroborating the maximum Cs-137 concentration found
by sampling of 2,950 pCi/g at 62.5 fi. Moisture logging shows 2 wetter area at 18.8 (62 fi) bgs
corresponding 1o the peak Cs-137 sample concentration. The Cs-137 and U-238 logging and the
laboratory sample data in the same region are in good agreement, and both indicate natural Tevels of
uranium throughout the entire soil colurrm.

The very high volume of effluent discharge relative to soil pore volume (114 times greater than soil pore
volume) and current groundwater monitoring in the vicinity of the crib identifying tritium, nitrate {as N),
1129, Sr-90, and gross beta above groundwater protection standards at Ieast partially attributable to this
crib corroborate the likelihood that the 216-A-10 Crib impacted groundwater. Monitoting well water
concentrations of nitrate exceeded the groundwater protection standards/guidelines in the vicinity of the
crib (PNNL-13788) but nitrates did not exceed screening levels for soil concentrations protective of
groundwater (WAC 173-340-747). The maximum tritium contamination at groundwater level is typical
for the TSD and representative waste sites in the 200-PW-2 and 200-PW-4 QUs. Current modeling shows
that 1-129 would reach groundwater at concentrations of 2100 mrem/yr at 1,193 years and that Tc-99 and
tritium could reach groundwater between 1,000 and 1,100 years resulting in doses of only a fow millirem
per year for each.

In general, the contaminant distribution model (DOE/RL-2000-60, Figure 3-15) is well supported by the
logging and sample data indicating that the highest contamination is in the 9.1 mto 27.3 m (30 ft to 90 f1)
bgs range, medium contamination is to be found in the 27.3 mto 39.4 m (90 ft to 130 f) bgs range, and
contamination is present in the vadose zone to groundwater.
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Waste Site Confi " Contaminant Inventory Effluent | Soll Pore
Waste Site* Co:sstt:uc:ieon:’:ndg:?rp::’e Site and Discharge History | TotalU | Total | Am-241| Cs137 | Sr-90 | Nitrate | NPH [Na,Cr,0,] TBP | Volume | Volume Rationale
&) | Pa | © | @ | @ | x| 6 | 0 | @p | ™) | (m)

ANALOGUES WASTE SITES TO BE EVALUATED BY THE 216-A-10 CRIB MODEL

216-A-5 Crib The 216-A-5 Crib began operating in - | The 216-A-5 Crib operated from  |2.61 E+02  [6.50 E+01 121 E+01  |4.16 E+01 1,000,000 1,630,049 |2925 As described below, the 216-A-5 Crib is analogous to or bounded by its representative site the 216-A-10
1955 to dispose of acidic process 1955 to 1965 and received Crib with regard to process knowledge, contaminant inventory and distribution, effluent volume received,

(216-A-5 Cavern) condensate from 202-A (PUREX). 1,630,000,000 L (431 Mgal) of and’or groundwater impact:

The site is a drain-field-type crib acidic process condensate from Greater than |Less than Lessthan  |Less than

located south of the 202-A Building [ PUREX containing nitric acid, Tep site. rep site. rep site. rep site. Effluent 1. Contamination: Both sites are drain-ficld-type cribs, but this site s 15 times smaller and shallower by
between the inner and outer PUREX | uranium, and other fission products. 1 uen 16 ft.

exclusion fences. The crib is 10.67 mx | From November 1961 to October vo urnclln

10.67m(35 R x 35 N)atthe bottom | 1966, the site was inactive until it |(1.98E+02) |(5.60E+02)|(4.30E+01)|(1-16E+01) [(3.03E+01}((1.07E+06)|(0) ) ) Do gs73 |2 Waste stream originAolume: Both sites received the same PUREX waste stream from the 202-A
and is .84 m (29 ft) deep. The side | received its final volume of process ratio: Building, composed of acidic process wasle containing uranium and fission products, although this site
slopeis 1:1.5toadepthof 7.3 m condensate from the 202-A building received only half as much effluent.

{24 ft) deep and s 1:2 to the crib in October 1966.

bottom. The crib is composed of a ). Contaminant inventory: This sites has essentially equivalent or smaller inventories of the same

20 ¢m (8 in.) vitrified clay pipe primary radiontuclides and nitrate.

running horizentally at 7.3 m {24 fi)

below grade in abed of about 2.4 m 4. Geology: The sites are located close together in the 200 East Area and have similar geology.

(8 01} (595 m’ {21,000 A’}) of coarse

rock fill {gravel) with two 10.67 m 5. Extent of contamination: This site is bound by the 216-A 10 Crib, which is larger and deeper, and
(35 1) lengths of 20 cm (8 in.) vitrified received more effluent. EMuent discharge at both sites overwhelimed their respective soil pore volumes,
clay pipes placed perpendicularly to although this site exceeded its soil pore volumes by a greater margin.

the first length of pipe, forming an

H pattern. A 15 cm (6 in.) vertical 6. Groundwarer impact: This site received less effTuent volume but the volume received contained
riser rens from the bottom of the crib significant quantities of mobile contaminants that greatly exceeded the soil pore capacity, suggesting a
to approximately 7.6 cm {3 in.) above high potential for this site 1o have impacted groundwater.

originally grade, in the center of the

crib. Fiber paper scparates the gravel

and backfill. In 1966, the crib was

deactivated, and the effluent was

rerouted to the 216-A-10 Crib. Lines

between the crib and the process

distillate discharge diversion tank

(located upstream of the crib) were

plugged with an expansion plug at the

flange. The sample lines were sealed

with aluminum plates.

216-C-1 Crib The 216-C-1 Cnb was constructed in | The 216-C-1 Crib operated from 300 E+02  [|8.00 E+00 455602 |8.55 F+01 23,400 785 As described below, the 216-C-1 Crib is analogous to or bounded by its representative site the 216-A-10
1953 for disposal of PUREX cold nm | 1953 to 1957 and received Crib with regard to process knowledge, contaminant inventory and distribution, effluent volume received,
waste and process condensate from the | 23,400,000 L (6 Mgal) of high salt and/or groundwater impact:

201-C Hot Semiworks Plant. The crib | waste, cold-run waste, and process | Greater than |Less than Lessthan  [Greater

i8 located in the 200 East Area, east of [condensate from experimental Tep site. rep site, rep site. than rep Efftuent 1. Contamination: Both sites are unlined, gravel filled, drain-field-type retention cribs, although this site
209-E Critical Mass Laboratory operations conducted at C Plant site. 1 is smaller and shallower (13 fi deep).

Building. Thecribis8.2mx3.7m  |from the 201-C (Hot Semiworks) vo “""I'°

(27ftx12 M andis 396 m(I13R)  |test facility, using REDOX and P“F,";;';“ 2. Waste stream origin/volume: This site also received PUREX waste, except that this site received only
deep. The excavation has side slopes | PUREX waste. Waste ncutralized  [(9.08E+02) |(7.91E+00}|(1.42E-01) |(1.O0EHO1) |{4.BBE+01)|(2.76E+06)|(0) (—) 0) ratio: Z3. a small fraction of the efTluent volume received by the 216-A-10 Crib.

of 1:2. The crib was constructed of  |in the 241-CX-71 Tank was

concrete ties, spacer blocks, roof slabs, |discharged to this crib. The site 3. Contaminant inventory: This site received the same primary radionuclides, in significantly lesser

and gravel fill. It was fed bya 10 cm | was deactivated in 1957, when the quantitics, except for Am-241, which is expected to exist in at least trace quantities but had no defined

(4 in.) effluent pipe that entered the | specific retention capacity was inventory.

¢rib 0.9 m (3 1) from the erib bottom | reached.

and had & riser that extended 4. Geology: Both sites are located in the 200 East Arca, and their geotogy is similar.

approximately 0.6 m {2 fi) above

original grade. The crib was later 5. Extent of contamination: The extent of contaminant distribution for this site is bounded by the
surface stabilized with 10 em (4 in.) of 216-A-10 Crib, which is larger and received significantty more effluent, and effluent discharges exceeded
gravel that Teft 1.5 m (5 1) of s0il pore volume by & greater margin, although this site also exceeded its pore volume significantly. As a
excavation still unfilled. In 1979, the shallower contamination area, although low inventory, this site could present human health and ecological
surface scrapings from the 216-C-3, tisks in the 0 to 15 ft zone that have not been evalvated by the representative site investigation.

C-4, and C-5 Cribs were used to

backfill the depression of the C-1 Crib. 6. Groundwater impact: This site reccived significantly less effluent volurne and discharge volume and
The crib then was covered with a only slightly exceeded soil pore capacity, suggesting a low potential to have impacted groundwater.

10 em (4 in.) sand pad, a layer of

plastic, 0.3 m (1 ft) of sand, and 10 cm

(4 in.) of pit run gravel.
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Contaminant Inventory Efffuent | Soil Pore
Waste Site Configuration,
Waste Site* Construction, amﬁ’urpose Site and Discharge History | Totai U Total | Am-241 | Cs-137 Sr-90 | Nitrate NPH |Na,Cr,0,] TBP Volume | Volume Rationale
) & [ Pu | 0 | © | | & | 60 | 0 | @ [ ™ | )

216-A-45 Crib The 216~A-45 Crib was constructed in | The 216-A-45 Crib Site operated | 6.69 E+00 LIGE0l [9.70E-03 |[8.34E-03 103,003 58,074 As described below, the 216-A-45 Cnib 1s analogous to or bounded by its representative site the 216-A-10
1986 for disposal of process from 1987 to 1991 and received Crib with regard 1o process knowledge, contaminant inventory and distribution, effuent volume received,
condensate from 202-A (PUREX) that, | 103,000,000 L (27.2 Mgal) of and/or groundwater impact:
until then, had gone to the process condensate from 202-A Less than Lessthan [Lessthan |Lessthan
representative waste site 216-A-10 Building (PUREX) that was acidic site. site, site. site. 1. Contamination: Both sites are drain-field-type specifi¢ retention cribs that are spproximately 45 fi
Crib. This crib is located in the and contained uranium and nitrate. P P P P EfMuent deep, although this site is larger.

200 East Area, south of the PUREX | This crib replaced the 216-A-10 volume 1o
facility and southwest of the 216-A-10 | Crib. (7.82E400) |(3,39E+01)|(1.25E+00)|(1.59E+00) |(6.99E-02) |(3.00E+05)|(0) (=) ) P lg " |2 Wastestream originfvolume: Both sites received the same PUREX 202-A process condensate waste,
Crib. Itis94.5mx18.3m (310 fiby R

60 fi) at the bottom and is 13.5 m
(44.5 ft) deep.  The site is a drain-
field-type crib consisting of five 10 ¢cm
(4 in.) diameter perforated,
fiberglass-reinforced pipes evenly
spaced across the width on a bed of
1.7m ({55 ) of clean rock, 8to 13 cm
{3 in. to 5 in.) in diameter. The crib
was covered with 15 cm (6 in.) of
clean rock, a 15 em (6 in.) layer of

1.9 em (3/4 in.) gravel, a shect of
10-mil polyethylene, and a 10 cm

(4 in.} layer of sand over the unit

except that this site received only 2 small fraction of the effluent volume.

3. Contaminant inventory: This site received the same primary contaminants but in significantly lesser
quantities, except for plutonium and nitrates, for which this site has no designated contaminant inventory
but that are expected to exist in the soil colunm.

4. Geology: Both sites are relatively close together in the 200 East Area, and their geology is similar,

5. Extent of contamination: The extent of contaminant distribution is bounded by the 216-A-10 Crib,
which had much Targer efftuent volume and a much higher efMucent-to-pore-volume ratio.

6. Groundwater impact: Because of the relatively low volume of effluent received, low inventory of the
mobile contaminants uranium and nitrate, and only a relatively slight exceedance of pore volume, the
waste likely remains near the crib bottom, suggesting that this site had little potential to have impacted
groundwater.
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Waste Site Configuration,

Contaminant Inventory

EfMluent

Soil Pore

Waste Site* Construction, and Purpose Site and Discharge Iistory | Total U Totzl | Am-241 | Cs-137 Sr-90 { Nitrate | NPH |Na,Cr,0,| TBP Volume | Volume Rationale
¢e) | Pa | €n | @ | @) |« | & | Gp) | e | ™) [ (m)
200-E-58 The 200-E-58 site is also known as the | The 200-E-58 Neutralization Tank As described below, the 200-E-58 Neutralization Tank is analogous 1o or bounded by its representative
216-A-5 Neutralization Tank. This operated from 1955 to 1981 to site the 216-A-10 Crib with regard to process knowledge, contaminant inventory and distribution, effluent
(216-A-5 tank began operations in 1955 for neutralize acid waste from the volume received, and/or groundwater impact:
Neutratization Tank, |neutralization of acid waste from PUREX 202-A Building prior to
Tank A5) PUREX prior to ground disposal, first | ground disposal, first to the 1. Comtamination: This site is a buried metal waste neutralization tank that acted as a conduit for waste
IMUST to the 216-A-5 Crib (1955 10 1961) 216-A-5 Crib and then to the

and then to the 216-A-10 Crib (1961 1o
1987). The site is located in the 200
East Area, south of PUREX, inside the
security fence, south of the 295-AB
Process Distillate Discharge Sample
Station and north of the 216-A-10
Crib. The neutralization tank is a

1.5 m(11.3 fi) diameter, 9.5 mm

(378 in.) thick stainless steel tank with
a ! m (40 in.) carbon steel charging
riser. The riser was used for adding
limestone {neutralizing agent) to the
tank and is located in the center of the
tank. The riser is supported by eight
9.5 mm(3/8 in.) thick,0.76 x 1.2 m
(2.5 x 4 fi) gusset plates. Acidic liquid
waste entered the tank from the botiom
and was forced upward through a bed
of limestone within the tank.
Interaction with the limestone
neutralized the waste before it
overflowed through the outlet pipe.
The tank is approximately 3 m (10 1)
high and has a capacity of
approximately 28,400 L, (7,500 gal}.
The stainless steel tank stands
vertically on 2 0.46 m (1.5 i) thick
concrete pad that is approximately

16 1t deep (WIDS). Waste entered the
tank through a 20 cm (8 in.) inlet pipe
at the base of the tank. The 20 cm

(8 in.) overflow outlet piping
discharged near the top of the tank.
Because of the tank design and piping
oricntation, the tank and some piping
sections likely still contain liquid
waste.

216-A-10 Crib. The waste
contained high levels of uranium
and nitrate. There were no known

tank. Tank capacity of 28,400 L
(7,500 gal).

reported releases of waste from this

and is not gn unlined near-surface liquid waste disposal site. At approximately 16 fi deep, this site is 20 ft
shallower than the crib and is much smaller in size.

2. Waste stream originfolume: Both sites received the same PUREX 202-A waste except that the
volume of effluent processed by the tank is inconsequential, because it acted only 28 a weste conduit and
not as & disposal site.

3. Contaminant inveniory: Both sites received the same primary radionuclides, but the 216-A10 Crib is
bounding for the tank because the tank was only a waste conduit with no known history of spills to the
location and so has no identified contaminant inventory. The current tank-site waste inventory is
indeterminate and timited to only the waste that could not drain from the tank under normal operating
conditions and waste residues on tank surfaces.

4. Geology: Both sites are located in the 200 East Arez, and their geology is the same.

5. Exient of contamination: The potential extent of contzmination for this site will be much less, because
there is no known history of spills which, if any, would be smaller and shallower, and so is bound by the
representative disposal site. Wastes, if any, that may have been discharged via Jeaks would be shallow
and would contain COC's similar to those of the 216-A-5 and 216-A-10 Cribs.

6. Groundwarter impact: There was no known disposal 10 the soil column of waste from this site, and if
there were any, it would be of such a limited nature that no reasonable potential exists for groundwater
contamination from this tank.
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Waste Site Configuration,

Contaminant Inventory

Effluent

Soll Pore

Waste Site* Construction, and Purpose Site and Discharge History | ToralU | Total | Am-241| Cs-137 | Sr-90 | Nitrate | NPH {Na,Cr,0,| TBP Volume Volusme Rationale
) | M@} @ | b | © | o | & | k) | e | ™ ()
REPRESENTATIVE SITE
216-A-36B Cnb The 216-A-36B Crib was constructed | The 216-A-36B Crib operated from |2 62 E+02 {258 E+02 |2.17 E-01 [1.20 E+03 [1.31 E+03 350 178 0.0569 318,080 16,327 Contamination was detected beneath the 216-A-36B Cnib 10 a depth of 96.5 m (318.5 ft) bgs. Maximum
in 1966 for disposal of ammonia March 1966 to 1987 and received radionuclide contaminant concentrations are present in the c¢rib to a depth of 87.1 m (287.5 fi) bgs. The
(216-A-36 Crib, scrubber distillate (ASD) waste from | ammonia scrubber distillate (ASD) zone of maxirmum radiological contamination is at 25 ft (crib bottom) to about 40 . Consistent with this,
PUREX Ammonia | the 202-A Building (PUREX). This | waste from the 202-A Building that |(1.22E+02) [(1.02E+00)|(2.26E_01)|(2.92E+02) [(2.75E+02) (2.68E+05}|(0) - © Efftuent the radioactive contaminants are markedly elevated at the 7.6 m (25 ft) bgs depth (i.e., base of the crib),
Scrubber Distillate [ crib is located in the 200 East Area the original 216-A-36 Crib had volume to the concentration falls again at 12.1 m (40 ft} bgs, and rise again from 15.2m10 182 m (50w 601t )
(ASD) Crib) about 366 m (1,200 f1) south of the received from September 1965 to pore volume | bgs. This behavior is true of Am-241, C-14, Co-60, Cs-137, Ni-63, Pu-239/7240, Tc-99, Sr-90, and all
202-A Building, outside the security |March 1966. This waste contained retio; 19,5  |uranium isotopes plus total uranium. When actively receiving effluent, the crib was about 7.6 m

fence. This site is a drein-ficld-type
crib that was constructed 1o bypass
highly contaminated portions of the
similarly constructed original
216-A-36 Crib. The crib was divided
into 216-A-36A and 216-A-36B
sections by injecting grout into the
gravel layer of the crib to form a
barrier between the two sections. The
216-A-36B Crib extends southward
from 216-A-36A and is approximately
17526 mx 26.21 m (575 x 86 ft) at
the surface and is 7.3 m (24 1) decp.
The excavation has side slopes of
1:1.5. The 216-A-36B Crib contains a
10 e¢m (4 in.) perforated pipe placed
horizontally 7 m (23 R) below grade
inside a 15 cm (6 in.) pipe from the
216-A-36A scgment. The crib
includes a 20 em (B in.) gage well, a
plastic barrier between gravel and
backfill, and 4 20 ¢m (8 in.) vent with
a 5em (2 in.) drain.

radioactive contzminants Am-241,
Co-60, Pu-239, Sr-90, tritium,
Cs-137, and U-238 and the
chemicz] contaminants ammonium
fluoride, ammonium nitrate, and
sodium dichromate. In May 1970,
about 14,000 Ci were discharged to
the crib from a leaking valve in the
scrubber drain to the catch tank.
Discharges continued until October
1972 when the crib was temporarily
removed from service. The crib
was placed back in service in
November 1982 for the restart of
the PUREX Plant and remained
active until use of the ¢rib was
discontinued in the spring of 1988
and the facility was backfilled. No
stabilization actions have taken
place at the waste site. The
216-A-36B Crib is one of two
RCRA TSD units in the 200-PW-2
ou.

(25 ft) deep. The crib was backfilled in 1988, and no other stabilization has occurred at the site.

Maximum concentrations of primary waste stream radionuclides detected in crib soil:

¢ Technetium-99 41.9 pCi/g at 7.6 m (25 fi) bes

o Americium-241 40,000 pCi/g at 7.6 m (25 ) bgs

¢ Cobalt-60 623 pCi/g 3t 7.6 m (25 i) bes

& Cesium-137 2,650,000 pCifg at 7.6 m (25 ft) bgs
« Plutonium 2397240 93,000 pCi/g at 7.6 m (25 fi) bgs

* Total radioactive strontium 208,000 pCi/g at 7.6 m (25 fi) bgs

+ Europium-154 1,800 pCi/g at 7.6 m (25 ft) bgs

+ Nickel-63 181,000 pCi/g at 7.6 m (25 ft) bgs

+ Uranium-233/234 812 pCi/gat 9.2 m (30 ft) bgs

+ Uranium-238 70.9 pCi/g at 7.6 m (25 1) bgs.

Maximum concentration of other radionuclides: Carbon-14 (116 pCi/g), Potassium-30 (19.4 pCi/g),
Radium-226 (1.27 pCi/g), Radium-228 (1.15 pCi/g), Thorium-230 (11.4 pCi/g), Thorium-232

{4.84 pCi/g), Thorium-234 (1.58 pCi/g), Tritium (121 pCi/g), Uranium-235 {3.29 pCi/g), Uranium-236
{4.54 pCitg).

The rmaxirmum concentration of nonradicactive constituents detected in crib soil:

¢ Nitrate (as N) 289 mg/kg at 7.6 m (25 fi) bgs

s Nitrate/nitrite (as N) 287 mg/kgat 16.3I m(53.5 ) bes

& Nitrite {as N) 18.8 me/kg at 7.6 m {25 ft) bes

* Silver 12 mghkgat3.8m(12.5 ) bes

¢ Total Uranium 36.8 mg/kgat 9.2 m (30 ) bgs

+ [Isophorone 0.50 mg/kg at 60.2 m (197.5 f) bgs.

Radionuclide sarmple data from 1988 (Crib Borehole 299-E17-55) showing that the maximum
concentrations of primary radionuclides, Am-241 (48,100 pCi/g), Cs-137 (3,280,000 pCi/g), Co-60
{1,025 pCi/g), and U-235 (1,225 pCi/g) were found at 9.2 m (30 1) bgs closely comelates with current
analytical sample data. Current sample results show ammonia (23 N) from 40 mg/kg to 60 mg/kg at
16.2 m[53.5 it] bgs as expected at sites that received smmonia scrubber waste, although no contaminant
inventory is identified. This is higher than 1988 laboratory data from adjacent boreholes showing nitrate
concentrations {as N) from 0.021 to 9.40 mg/kg and maxirmum ammonia concentrations (as N) of

23.5 mg/kg indicating limited lateral contaminant flow.

Geophysical logging for primary man-made radionuclides Cs-137 and Co-60 correlate well with lab data.
SGLS data show Cs-137 at a maximum concentration of 2,000,000 pCi/g at 8.2 m {27 fi) bgs, decreasing
at greater depths as did the analytical data. The Co-60 was detected between 38 and 60 At bgs and
sporadically to 116 ft bgs. Moisture logging confirms sample data showing wet areas near 87.6 m (289 fi)
bgs that correlate with higher Th-232 at this depth. This pattern is consistent with the conceptual
contaminant distribution model (DOE/RL-2000-60, Rev. 1, Figure 3-16).

The high volumne of effluent discharged to this site and groumdwater monitoring showing nitrate, 1129,
Sr-90, and gross beta (some of which was contributed by the ¢1ib) above groundwater protection
standards, indicates that the 216-A-36B Crib impacted groundwater. Modeling has shown that Te-99 will
reach groundwater at 1,025 years with 15.3 mrem/yr dose.

The high tevels of Pu-239/240 and Am-241 in waste sample B17487 indicate the possibility that some of
the soil from this erib may designate as transuranic waste.
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Contaminant Inventory

Effluent | Soil Pore

w th

Waste Site* Co:ssttg:::og?::g?’?rp:’;'e Site and Discharge History | TotalU | Total | Am-241 | Cs-137 | Sr-90 | Nitrate | NPH [Na Cr0,] TBP Volume | Volume Ratienale

o) | P | & | @€ | © | & | k0 | @) | 0 | ) | )

ANALOGOUS WASTE SITES TO BE EVALUATED BY THE 216-A-36B CRIB MODEL

216-A-36A Cnib The 216-A-36A Crib is the north The 216-A-36A Crib operated from See See Rationale | This CERCLA action will address the 216-A-36A and 216-A-36B Cribs as a single site. The
portion of the original 216-A-36 Crib | 1965 1o 1966 and received Rationale representative 216-A-36B Crib physically adjoins this site and they are considered twin sites with regard
that was constructed in 1965 for 1,070,000 L (283,000 gal) of ASD to construction, waste stream chemistry, contaminant inventory, effluent volume received, and potential to
disposal of PUREX ASD waste. The |wastes from the 202-A Building (1.45E+02) [(4.46E+01)[(2.38E+02)}(6.87E+02) |(7.89E+02)[(9.09E+02)|(0) - () have impacted groundwater.

crib is located south of 202-A
Building, outside the security fence. It
is approximately 51.25mx 234 m
(168 ft x 77 f1). The 216-A-36A Crib
portion was used tmtil 1966, when
high contamination resulted i its
abandonment and replacement with the
216-A-36B Crib. The replacement
crib was created by walling off the crib
with grout and extending the crib
discharge pipe southward.

that wag low in salt and neutral to
basic and contained 400,000 Ci of
fission products including 1,600 Ci
of Cs-137; also 625 Ci of Sr-90.

1. Contamination: Both sites are drain-field-type specilic retention cribs that are adjoining, although this
site is smaller.

2. Waste stream originfvolume: Both received the same PUREX ASD waste, although this site received a
smaller volume of this effluent.

3. Contaminant inventory: Reference documents include the contaminant inventory for this erib in the
contaminant inventory for the 216-A-36B Crib, making the contaminant inventory identical.

4. Geology: Both are adjoining and have the same geology.

5. Extent of contamination: Because these are considered as a single waste site, they are considered
identical with regard to extent of contamination and contaminant distribution, although the 216-A-36B
Crib is actually a bounding condition because it is Targer, operated longer, and received more effluent.

6. Groundwater Impact: As twin sites that will be addressed as a single unit, both sites have a similarly
high likelihood of having impacted groundwater based on high effluent volume, high effluent volume
relative to soil pore volume, and the existence of moderately to highly mobile contaminants in the waste
stream (uranium, Sr-90, and nitrates).

UPR-200-E-39 UPR-200-E-9 site is the site name for | UPR-200-E-39 sites is the result of As described below, the UPR-200-E-39 is analogous to, or bounded by, its representative site the

an unplanned release that occurred in - | a one-time release in February 1968 216-A-36B Crib with regard to process knowledge, contaminant inventory and distribution, effluent
(Relcase from 1968 on the ground and blacktop from the vent filter at the volume received, and/or groundwater irmpact:
216-A-36B Crib outside the 216-A-36B Crib Sampler | 216-A-36B Crib Sampler Shack.
Sampler (295-A) Shack that is located in the 200 East | The waste was PUREX ASD waste 1. Contamination: Although this site also is a discharge to soil, as a single accidental discharge primarily
Building, Area inside the PUREX fence, south of | containing uranium and fission to blacktop that was then hosed down to adjacent gravel and the soil beneath the gravet, it constituted a
UN-200-E-39) 202-A. This site {including the products. The volume released is

asphalt) is approximately 7.9 m x
7.9 m (26 ft x 26 f1).

unknown, but based on the limited
nature of the spill response

(i.e., blacktop hose off), the volume
is anticipated to be relatively small.
As a low-volume surface release,
the contamination in the gravel area
is conservatively presumed to be

approximately 3 ft decp.

much smaller area (676 1t?) of contamination, released an insignificant quantity of contaminants relative to
the disposal site, and was shallower release based on a conservative assumption that contamination
penetrated the soil column to a depth of 3 ft (given that contarminant transport would only be driven by
natural precipitation).

2. Wasie stream originAvolume: The waste stream also is effluent that went to the 216-A-36 B Crib but as
a one-time accidental release from sample equipment, it would be much smaller in volume and diluted by
the response action (hose-down of the asphalt pad).

3. Contaminant inventory: The primary radionuclide contaminants would be the same, but the
contaminant inventory would be much smaller,

4. Geology: Both sites are in the 200 East Area, and their geology is simitar.

5. Extent of contamination: The extent of contamination is bounded by the crib, because this site
contamination is much shallower, is 3 one-time low-volume surface release that could be driven further
into the soil colurn only by natural precipitation, and is not planned disposal. As a shallower
contamination arca, although low inventory, this site could present human heatth and ecological risks in
the 0 to 15 fi zone that have not been evaluated by the representative site investigation.

6. Groundwater impact: The volume of effluent released is of such a small quantity and limited nature, as
characterized in the spill report, that this site has no reasonable potential to affect groundwater.
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Waste Site Configuration,

Contaminant Inventory

Effluent

Soil Pore

Waste Site* Construction, and Purpose Site and Discharge History | TotalU Total | Am-241 | Cs-137 Sr90 } Nitrate | NPH [Na,Cr,0,] TBP Volume | Volume Rationale
ko) | Pe | € | @ | @ | 6 | & | ) | (k¢ | ™) | (@)
Representative Site

207-A-South The 207-A-South Retention Basin was | The 207-A South Retention Basin | ___ — — — — —_ — — The basin currently consists of three, below-grade, coated concrete cells, 2.1 m (7 fi) deep. As a storage
Retention Basin constructed in 1977 for interim storage | operated from 1977 to 1989 storing site that was cleaned out upon deactivation, no waste remains in the basins. Site characterization samples

and sampling of 242-A Evaporzator 242-A Evaporator process were collected of the concrete basin (and elastorneric lining) and of soil beneath each cell (to a depth of
(207-A, 207-A process condensate before its condensate that was a mixed waste 4.2 m (14 ft) bgs). No concrete samples exceeded screening levels. Maximum contaminant
Retention Basin, discharge to the 216-A-37-1 Crib for | derived from processing of concentrations are nearly all present in the top 1.8 m (6 ft) of the borehole and are Tow (at MDA).
Process Condensate  |disposal. This site is located in the 241-AW-102 DST waste composed Maximum concentrations were found beneath the east cell except for the Sr-90 maximum concentration
Basing 1,2,and 3 200 East Arca directly cast of the of PUREX, B Plant, 300 Area and found beneath the middle cell. No geophysical logging data were collected for the shallow 207-A South
[i.e., PC-1, PC-2, and | 242-A Evaporator. It has overall 400 Area laboratory, PFP, and Retention Basin boreholes [4.2 m (14 f)].
PC-3]) dimensions of approximately 40.5 mx | 100 N waste. This waste potentially

29m{133fix95MandisZmT N)
deep. The retention basin consists of
three concrete cells. Each cell is

16.8 m (55 1) long, 3.0 m (10 1) wide
at the bottom, and 2.1 m (7 ) deep
and has side slopes of 1:2. Thecells
were fed from a pump pit located
between the 207-A South and 207-A
North basins. A 10 cm {4 in) fill line
entered each cell inside the basin
structure. A 7.6 cm (3 in.) drain line
exits at the bottom of each cell.

All three cells were coated to prevent
constituents from penetrating the
concrete.

contained spent solvents, ammonia,
tributy] phosphate, and fission
products. The basin was cleaned out
and emptied in Septernber 1989,
The basins could have manzged
793,469 kg (1,749,300 b) of waste
annually. The 207-A South
Retention Basin is one of two
RCRA TSD units in the 200-PW-4
ou.

Maximum concentrations of radionuclides found in shallow soil beneath the basin:

+ Niobium-94 0.032 pCi/g 0.6-0.9 m (2-3 M) bgs
o Radium-226 0.859 pCi/g 1.8-2.1 m (6-7 f) bgs
e Thorium-230 126 pCi/g 0.3-0.6 m (1-2 ft) bgs

¢ Tritium 16.6 pCi/g 1.8-2.1 m (6-7 ) bgs.

Maximum concentrations of other detected radionuclides found in soil: Cesium-137 (1.07 pCi/g),
Radium-228 (1.10 pCi/g), and total radicactive strontium (1.40 pCi/g).

Maximum concentrations of nonradiological constituents detected in soils beneath the basin:

» Arsenic 9.98 mg/kg at 1.8-2. m (6-7 ) bgs
# DButylbenzyl phthalate 110 pgkg 2t 0.3-06 m(1-2 ) bgs
o Silver 5.01 mg/kg 1.8-2.1 m (6-7 ft) bgs

* 2.4-dichlorophenoxyacetic acid 7.1 pg/kgat 0.3-0.6 m (1-2 ft) bgs

*  242,4,5-trichlorophenoxy) propionic acid 3.3 pgkgat 0.3-0.6 m(1-2 ) bgs

o Nitrate/Nitrite (25 N) 20.9 mp/kg at 0.6-0.9 m (2-3 Rt) bgs.

Soil samples showed refatively little radionuclide contamination in the vadose zone beneath the

207-A South Retention Basin, ¢consistent with the conceptual contaminant distribution mode!
(DOE/RL-2000-60, Figure 3-17). Organics (¢lastomer related) and tribury! phosphate are present in small
amounts in the concrete but none exceeded screening levels.

The conceptual contarninant distribution model for this site indicates that contamination is unlikely to be
present more than about 4.5 m (15 1) bgs, because the coated concrete effectively protected the soil from
contamination. As a storage unit that retained its containment integrity (i.¢., no cracks), na significant
volume of waste was discharged to soil to impact groundwater, as indicated by monitoring reports
showing no exceedance of groundwatcer parameters near the basin. Modeling shows tritium reaching
groundwater at trace levels at 698 years.
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Waste Site*

Waste Site Configuration,
Construction, and Purpose

Site and Discharge History

Contaminant Inventory

Total U
(kg)

Total
Pu (g)

Am-241
(&)

Cs-137
(C)

Sr-90
(€N

Nitrate
(kg)

NPH
(kg)

NI,Cr;O-,
(kg)

TBP
(k)

EfMuent
Volume
(m’)

Soil Pore
VYolume

(o)

Rationale

ANALOGUES WASTE SITES TO BE EVALUATED BY THE 207-A SOUTH RETENTION BASIN MODEL

200-W-22 The 200-W-22 Unplanned Release site | The 200-W-22 Unplanned Release As described below, the 200-W-22 is analogous 1o, or bounded by, its representative site the 207-A South
is an underground RMA, and the site is associated with the 203-S and Retention Basin with regard to process knowledge, contaminant inventery and distribution, efftuent
(203-8/204-5/205-S | visible portion of this site is the 205-S UNH Processing Facilities volume reccived, and/or groundwater impact:
Stabilization Area)  |stabilized surface area where and the REDOX UNH Unloading
ahoveground portions of the S Plant | Facility that operzted from 1952 to 1. Contamination: Both sites are belowgrade RMAs having contaminated belowgrade concrete structures
(REDOX) (203-S Uranyl Nitrate 1983, The site has various UPRs with associated buried pipelines, but this site contains substantially more buried materials.
Hexahydrate Tank Farm, 204-S Tank |[(i.e., UPR-200-W-10,
Farm & Pumphouse, 205-S Process UPR-200-W-32, UPR-200-W-69, 2. Waste stream originfvolume: As storage and processing facilities, not disposal sites, neither site
Vault & Chemical Makeup Building, |UPR-200-W-83, UPR-200-W-86, received effluent in other than small, incidental quantities. Both sites contain belowgrade and/or buried
205-S Uranyl Nitrate Hexzhydrate UPR-200-W-116, and

Processing Facility) were removed in
1983. This site is located in the

200 East Area, northwest of 202-S
building. Decommissioning included
removal of aboveground equipment
&nd structures end removal of process
equipment and tanks representing the
bulk of radioactive structures.
Structures were removed to 2 ft
betowgrade and the area was leveled
with clean backfill. Itis approximately
84mx63m@276 N\ x 223 R)atthe
surface. The belowground materials
remaining in place are concrete and
metal materials and structures that
include buried piping, the 203-S Basin,
the 204-8 Basin, 205-8 Vault, 205-S
Building base pad, the concrete pipe
trench from REDOX to the tank farm,
and the REDOX chemical sewer
system.

UPR-200-123) associated with it
because of different activities
performed. The volume of waste
released at this site is unknown,
The remaining belowground
structures and materials potentially
contain residues from processing of
contamninated UNH from REDOX
and PUREX, thorium nitrate from
PUREX, N Reactor
decontamination waste and

300 Arca lab waste. In 1952, the
ground around the 203-S UNH
storage tanks was found to be
contaminated with uranium and was
covered with blacktop and
surrounded with a wooden rail
fence.

materials contaminated with waste residues. This site is contaminated with constituents from the buried
REDOX UNH processing facilities, and the representative site contains waste from the 242-A Evaporator,
which processed DST waste that included UNH processing waste.

3. Contaminant inventory: As storage and processing facilitics, not disposal sites, neither site contains a
teported contaminant inventory. Both sites contain belowgrade end/or buried materials contaminated with
waste residues. For this site the residues originated from REDOX UNH processing and decontamination
activities that generated waste containing primarily uranium and low levels of incidental fission products.
For the representative site, residues were from the 242-A Evaporator processing of DST waste that also
included 204-AR Waste Unloading Facility UNH waste.

4. Geology: This site is located in the 200 West Area, and the 207-A- South Basin is located in the
200 East Area. At both sites, the contaminated structures are expected to be confined to shallow soils
(upper 10 /). Because the geology for the 200 East and 200 West Area is essentially the same in the
upper 10 fi and the buried materials are not anticipated 1o have impacted soil significantly below that
depth, the geology for these sites is similar.

3. Extent of contamination: The extent of contamination and contaminant distribution are similar because
the depth of the structures and the extent of residual contamination are expected to be similar 2nd because
substantial migration of waste residues on buried structures is not enticipated to migrate significantly.

6. Groundwarer impact: Neither site was a disposal unit, neither site discharged significant quantitics of
cffluent through spills, and so neither site had any reasonable potential to have impacted groundwater.
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gravel-filled drain-ficld-type crib that
is approximately 213 mx 3 m (700 ft
x 10 ft) at the bottom and is 3.35m

{11 fi) deep. The erib excavation has
side slopes of 1:1. The cribis fed by a
254 mm (10-in.} galvanized steel
distribution pipe placed 2 m (7 f1)
below grade along the centerline of
the crib. The pipe was covered with
gravel and sand and was backfilled to
grade. A valve station that has surface
radiation waming signs and a light
chain barricade is at the south end of
the crib; & vent is Tocated at the north
end.

that was in contact with spent
solvents and contained ammonia (as
N), tributyl phosphate, and was
thought to contain Am-241, Cs-137,
tritium, 1-129, Pm-147, Pu-239,
Ru-1056, Sn-113, and 5r-90.
Discharge of the evapotator process
condensate to the crib was
terminated on April 12, 1989,

\Waste Site Confi i Contaminant Inventory Contamina Contami

aste Site Configuration ontaminan

Waste Site* Construction, 2n dgl,ums'e Site and Discharge History | TotalU | TotalU | Total U | TotalU | TotalU | Total U | Total U | Totat U | Totstu B | ¢ Inventory Contaminant Inventory

(ke) (ke) | (k2) Ga) | o) | k) | k) | (k) (kg) | Inventory

TREATMENT, STORAGE, AND/OR DISPOSAL UNIT (TSD) WASTE SITE

216-A-37-1 Crb The 216-A-37-1 Crib was constructed | The 216-A-37-1 cribisoneof two {124 E+01 [2.83E-02 |3.69E-04 [947E-02 [s42E-02 [600 377011 15879 Radionuclide contamination was detected beneath the 216-A-37-1 Cnb to a depth of 83.1 m (272.5 fi) bgs
in 1977 for disposal of 242-A RCRA TSD units in the 200-PW-4 (water table at 84.1 m [277.5 ft] bgs). Maximum radionuclide concentrations are present from 3.8 mto
Evaporator process condensate to the [OU. The crib operated from 1977 14.4m (12.5 ft to 47.5 fi) bes. This site received 242-A Evaporator effluent from the 207-A South
soil column. This crib is located to 1989 and received 377,000,000 L [(1.93E-01) ](2.82E+02)|(1.20E-01) |(0) (1.85E-01) |(2.04E+02) | 0y —) ) Effluent Retention Basin that was relatively low in contaminants. Highly mobile contaminants are present to the
outside of the 200 East Area perimeter | (99,590,000 gal) of 242-A volume to maximum depth, and moderately mobile contaminants were found down to 107 ft bgs. When actively
fence, sbout 610 m (2,000 ft) eastof | Evaporator process condensate from pore volume |receiving eflluent, the crib was about 2.4 m10 4.3 m (8 to 14 ft) deep. The crib surface is essentially level
the 202-A Building. The¢ribisa the 207-A South Retention Basin ratio: 23.7  |with the surrounding area and is not contaminated.

Maximum concentrations for primary waste stream radionuclides detected in site soils:
+ Cesium-137 1L.7pCig a2t 38 m(12.5 ft) bgs
s Tritium 267 pCi/g at 3.8 m{12.5 ft) bes.

Maximum concentrations of other radionuclide detected in site soils: total radioactive strontium
{1.70 pCi/g), Nickel-63 (14.4 pCi/g), Potassium-4Q {9.15 pCi/g).

Maximum concentrations of nonradioactive constituents detected in site soils:

+ Nitrate (as N) 85 mgkgat 3.8 m(12.5 fi) bgs
= Nitrate/nitrite as N 489 mp/kg at 3.8 m(12.5 ft) bgs
* Tributyl Phosphate at38 m(12.5 ft) bgs.

Maximum concentrations of other nonradioactive constituents detected in site soils: Acetone (013 mg/kg),
Aluminum (15,000 mg/kg), Barium (165 mg/kg), Bis(2-ethythexyl)phthalate (0.021 mg/kg), Boren
(0.510 mg/kg), Cobalt (15.9 mg/kg), Manganese (652 mg/kg), and Thallium (1.54 mg/kg).

Geophysical borehole fogging found Cs-137 at the surface at a maximum of 0.3 pCi/g and from 2.7 m to
11.0 m {9 and 36 f1) bgs at a maximum of 30 pCi/g at 3 m (10 fi) bgs. Logging of nearby wells found only
Cs-137, which was detected sporadically and only at concentrations near the MDL (0.2 pCi/g) indicating
low potential for lateral spread of contamination. Neutron moisture logging showed low moisture levels
from21.4 m 10 32.6 m (70 L to 107 fit) bgs consistent with analytical data reporting Cs-137 near MDL.

Logging data compared relatively well with laboratory data that showed low levels for Cs-137 (only two
results and only slightly above the MDA), 0.113 pCi‘g (MDA of 0.014) at 3.8 m (12.5 1) bgs and

0.018 pCi/g (MDA o7 0.012)at 5.3 m (17.5 ft) bgs. Sample results from 8.3 m (27.5 ft) bgs were below
the MDA of 0.003 pCi/g and would have been expected to be around 10 pCi/g based on the togging.
Sample data showing Cs-137 at 11.4 m (37.5 1) at below the MDA (0.01 pCi/g) compared well to logging
at 10.9 m (36 ) bgs, showing Cs-137 at sbout 0.2 pCi/g (the approximate MDA).

Leboratory data show low maximum concentrations of contaminant. Although the site received a
relatively high (24 times pore volume) volume of effluent, the discharge generally was low in
contzmination. Groundwater monitoring data shows tritium and 1-129 plumes near the ¢rib, but no
exceedances of groundwater parameters in wells associated with this erib. This suggests that the
216-A-37-1 Crib has a low potential to have impacted groundwater. Modeling indicates that tritium will
reach groundwater in trace quantities at 168 years.

The conceptual contaminant distribution mode! for this site (DOERL 2000-60, Figure 3-18) indicates that
the high site contamination may be expected from 3.3 mto about 9.t m (11 1t to 30 1), and medium
contamination may be expected from 9.1 m to about 12.1 m (30 it to 40 ft) bgs. The characterization data
are well correlated with this model.

*All information on this table was derived from the Work Plan (DOE/RL-2000-60, Uranium-Rich/General Process Condensaie and Process Waste Group Operable Units RUFS Work Flax and RCRA TSD Unit Sampling Plan; Includ

Investigarion/Feosibility Sudy Implementation Plan - Environmental Restoration Progrom), DOE/RL-96-81, Wasse Site Grouping for 200 Areas Soil Investigations), and/or RPP-26744, Hanford Soil Inventory.

"—" No site inventory developed for this contaminant, generally because it was not a significant component of the site-specific waste steam.
HW.60807, Unconfined Underground Radivactive Waste and Contamination in the 200 Areas - 1959,
PNNL-137388, Hanford Site Groundwater Afonitoring for Fiscal Year 2001,

WAC 173-340-747, “Deriving Soil Concentrations for Ground Water Protection.™

ASD

ammonia scrubber distillate.

below ground surface.

condensate neutratization ank.

contaminant of concern.

double-shell tank.

high-salt waste.

inactive miscellancous underground storage tank.

MDA
MDL
NPH
ou
PFP
PRG
PUREX

minimum detectable activity.

minimum detection level

norma! petroleum hydrocarbon

operable unit.

Plutonium Finishing Plant

preliminary remediation goal
Plutonium-Uranium Extraction (Plant or process).

RCRA
REDOX
RMA
SGLS
TBP
TPH
TSD

s 200-PW-2 and 200-P¥-4 Operable Units), \he Waste Information Data System datab

Resource Conservarion and Recovery Act of 1976.

Reduction-Cxidation (Plant or process).
Radiosctive Material Area,

Spectnal Gamma-Ray Logging System.
tributyl phosphate.

total petroleum hydrocarbon

treatment, storage, and’or disposal (unir),

, the Impl ion Plan (DOE/RL-93-28, 200 Areas Remedial
UNH = urany! nitrate hexahydrate.
UPR. =  unplanned release.
URM = Underground Radioactive Material (area or posting).
V/H = wvertical'horizontal.
VvCP = vitrified clay pipeline.
WESF = Waste Encapsulation and Storage Facility,
WIDS =  Waste Information Dala System database,
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Coordinates (Wash. State Plane,

Borehole Number Approximate Location NADS3(591]
Northing Easting
A6816 (299-E28-65) Within the boundaries of the 216-B-12 Crib 136600.469 573127.558
A6817 (299-E28-66) Within the boundaries of the 216-B-12 Crib 136618.537 573127.34
A6794 (299-E28-16) South of the 216-B-12 Crib 136562.635 573136.748
C3246 216-B-12 Crib 136589.76 573128.81
Ad728 (299-E17-1) Southern edge of the 216-A-10 Crib 135386.153 574977.079
A4755 (299-E24-2) Northern edge of the 216-A-10 Crib 135493.022 574973.639
A35916 (299-E24-59) Eastern edge of the 216-A-10 Crib 135435.478 574985.793
AS5917 (299-E24-60) Western edge of the 216-A-10 Crib 135435.779 574964.093
C3247 216-A-10 Crib 135438.80 574979.08
C4107 216-A-10Crib 135481.19 574978.22
C4108 216-A-10 Crib 135456.04 574982.48
C4110 216-A-10 Crib 135417.16 574980.89
C4lll 216-A-10 Crib 135438.80 574977.33
C4112 216-A-10 Crib 135402.70 57497778
A4739 (299-E17-5) Western edge of the 216-A-36B Crib 135278.548 575093.967
AS5883 (299-E17-11) Within the boundaries of the 216-A-36B Crib 135347.191 575109.138
AS5886 (299-E17-51) Within the boundaries of the 216-A-36B Crib 135230.501 575109.364
C3248 216-A-36B Crib 135355.10 575104.55
C4160 216-A-36B Crib 135355.28 575106.04
A6301 (299-E25-17) South of the 216-A-37-1 Crib 135702.51 575760.245
A4764 (299-E25-18) North of the 216-A-37-1 Crib 135699.304 575817.379
Ad4765 (299-E25-19) South of the 216-A-37-1 Crib 135659.027 575852333
A4767 (299-E25-20) North of the 216-A-37-1 Crib 135654 575910942
C41006 216-A-37-1Crib 135640.23 575917.54
A4967 (299-W22-22) | 216-U-12 Crib 134464.315 567617.274
A7874 (299-W22-23) | 216-U-12 Crib 134444.974 567586.716
A4969 (299-W22.28) | 216-U-12 Crib 134465.777 567433.699
AT7879 (299-W22-75) | 216-U-12 Crib 134490.42 567595.19
C3245 216-A-19 Trench 136269.73 575660.99
AT770(299-W19-70) | 216-U-8 Crib, Center 134697.757 567615.853
AT771 (299-W19-71) | 216-U-8 Crib, Southern Third 134679.76 567616.01
C4557 Within the boundarices of the 216-S-7 Crib 134176.07 567172.76
299-W22-12 Eastern edge of the 216-S-7 Crib 134184.891 567191.077
299-W22-13 Western edge of the 216-S-7 Crib 134172.135 567142.834
299.W22-14 Southemn edge of the 216-58-7 Crib 134166.146 567186.931

2-119




DOE/RL-2004-85 DRAFT A

Table 2-3. List of Sampled and/or Logged Boreholes. (2 Pages)

Coordinates (Wash. State Plane,

Borehole Number Approximate Location NADS83([91]
Northing Easting
299.W22-32 Within the boundaries of the 216-8-7 Crib 134173.538 567178.833
299-W22-33 Within the boundaries of the 216-S-7 Crib 134168.017 567154.625

NAD83 (91), North American Datum of 1983.

Table 2-4. Intruder Risk and Dosc Summary for Future Rural Resident.

Waste Site Intruder Dose at 150 Years Intruder Dose at 500
(mrem/year) Years (mrem/year)
207-A South Retention Basins 1.9 E-02 5.4 E-03
216-A-10 Crib 58 32
216-A-19 Trench 5.4 E-04 1.0 E-04
216-A-36B Crib 2,720 84
216-A-37-1 Crib 1.4 E-03 9.5 E-05
216-B-12 Crib 148 8.9 E-02
216-S-7 Crib 105 27

Table 2-5. Nonradioactive Constituents of Concern Removed. (2 Pages)

Constituent* Site Risk
Acctone 216-A-37-1 Crib Ecological
Aluminum 216-A-37-1 Crib Groundwater
Arsenic 216-A-19 Trench Groundwater
216-B-12 Crib Groundwater
Ecological
216-8-7 Crib Groundwater
207 A South Retention Basin Groundwater
Ecological
Barium 216-A-37-1 Crib Ecological
Boron 216-A-37-1 Crib Ecological
216-A-19 Trench Ecological
216-A-10 Crib Ecological
216-B-12 Crib Ecological
Butylbenzy! phthalate 207-A South Retention Basin Ecological
2,4-dichlorophenoxy-acetic acid 207-A South Retention Basin Ecological
2-(2,4,5-trichlorphenoxy) propionic acid 207-A South Retention Basin Ecological
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Table 2-5. Nonradioactive Constituents of Concern Removed. (2 Pages)

Constituent* Site Risk
B-BHC (beta-1,2,3,4,5,6- 216-A-10 Crib Groundwater
Hexachlorocyclohexane) Ecological
bis(2-ethylhexyl) phthalate 216-A-37-1 Crib Ecological
216-A-19 Trench Ecological
216-B-12 Crib Ecological
Chromium VI 216-8-7 Crib Ecological
Mangancse 216-A-37-1 Crib Groundwater
216-A-19 Trench Groundwater
Nitrate/nitrite 207-A South Retention Basin Groundwater
216-A-10 Groundwater
Pentachlorophenol 216-A-10 Crib Groundwater
Methylene chloride 216-A-10 Crib Groundwater
Isophorone 216-A-36B Crib Groundwater
Oil and grease 216-A-10 Crib Groundwater
216-A-36B Crib Groundwater
Silver 216-S-7 Crib Ecological
216-A-36B Crib Ecological
207-A South Retention Basin Ecological
TP1-keroscne 216-A-10 Crib Groundwater
Tributyl phosphate 216-A-37-1 Crib Ecological
216-A-10 Crib Groundwater
216-A-19 Trench Groundwater
Ecological
Vanadium 216-A-19 Trench Ecological
*Removal methodology detailed in Appendix E.
TPII = total petrolcum hydrocarbon.
Table 2-6. Radioactive Constituents of Concern Removed.
Constituent* Site Risk
Potassium-40 216-A-10 Crib Ecological
Thorium-230 216-B-12 Crib Ecological
207-A South Retention Basin Ecological
Niobium-94 207-A South Retention Basin Ecological
Neptunium-237 216-A-10 Crib Ecological
Tin-126 216-B-12 Crib Ecological
Nickel-63 216-A-19 Ecological
Technetium-99 216-5-7 Groundwater

*Removal methodology detailed in Appendix E.
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Table 2-7. Evaluation of Potential Human Health and Ecological Risk at
Shallow Analogous Waste Sites.

Representative Site

Analepous Site

Potential Risk

Human Health Ecological
216-A-19 Trench 216-A-1 Crib NA NA
216-A-3 Crib NA NA
216-A-18 Crib NA NA
216-A-22 Crib NA NA
216-A-28 Crib NA NA
216-A-34 Crib NA NA
216-B-12 Crib 216-C-3 Crib NA X
216-C-5 Crib NA X
216-C-7 Crib NA NA
216-C-10 Crib NA X
216-A-10 Crib 216-C-1 Crib NA NA
216-5-7 Crib 216-T-20 Trench NA NA
216-8-22 Crib NA NA

NA = no risk identificd during shallow site evaluation (Section 2.6 and Appendix G).
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Table 2-8. Waste Site Risk and Protectiveness Summary. (2 Pages)

207-A
. . South |216-A-10| 216-A-19 216-A-36B | 216-A-37-1 . .
Risk Element Retention| Crib Trench Crib Crib 216-B-12 Crib] 216-8-7 Crib
Basin
HUMAN HEALTIE®
Chemicals
Site meets Yes Yes Yes Yes Yes Yes Yes
WAC 173-340-7457
Radionuclides
Site meets PRGs? (*no Yes Ycs Yes Yes Yes Yes Yes
cover' ©)
Mcct PRGs? {‘cover® 9) Yes Yes Yes Yes Yes Yes Yes
GROUNDWATER PROTECTION
Chemicals
Sitc meets screcning level Yes Yes No* No* No* No°® No*
PRGs?
Chemicals potentially NA NA Nitrate, Nitrate, Nitrate, Nitrate, Nitrate,
reaching groundwater > Nitrate/Nitrite|]  Nitrite,  |Nitrate/Nitrite| Nitrate/Nitritc, | Nitrate/Nitrite,
MCL Uranium  [Nitrate/Nitrite, Uranium Uranium
Uranium
Radionuclides
Sitc meets groundwater Yes No* Yes No*¢ Yes Yes No*
protection standards
(RESRAD)?
Radionuclides predicted to NA NA NA NA NA NA Tritium
reach groundwater > MCL
(RESRAD) within
1,000 years.
Radionuclides predicted to NA I-129 NA Te-99 NA NA NA
reach groundwater > MCL
(RESRAD) beyond
1,000 ycars.
ECOLOGICAL
Chemicals
Mcets chemical PRGs? ¢ Yes Yes No* Yes Yes Yes Yes
Constitucnts > PRGs NA NA Uranium NA NA NA NA
Radionuclides
Mcets radiological PRGs? Yes Yes Yes Yes Yes Yes Yes
Constituents > PRGs NA NA NA NA NA NA NA
INTRUDER (Radionuclides only) ®
Mecets target dose rates at Yes No* Yes No*® Yes No*® No*
150 yrs?
Radionuclides > target NA Cs-137 NA Cs-137 NA Cs-137 Cs-137
dose rates at 150 yrs Pu-239 Sr-90
Meets target dose rates at Yes No*® Yes No* Yes Yes No*®
500 yrs?
Radionuclides > NA Pu-239 NA Cs-137 NA NA Pu-239
target dose rates Am-241

at 500 yrs
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Table 2-8. Waste Site Risk and Protectiveness Summary. (2 Pages)

Risk Element *

207-A
South
Retention
Basin

216-A-10
Crib

216-A-19
Trench

216-A-36B
Crib

216-A-37-1
Crib

216-B-12 Crib

216-S-7 Crib

* Table summarizes primary risk contributors identificd in Ri Repont (DOE/RL-2004-25) and Appendix D of this feasibility

study, after further feasibility study evaluation.

¥ Shallow zone contamination [0 to 4.6 m (0 to 15 ft) bgs] below PRGs.
¢ Assumes that no credit is taken for the protectiveness of the existing cover modeled at 150 and 500 years.
4 Assumes thal the existing cover provides some protection.
¢ Site requircs protection for identified risk from identificd contaminant.
fScrecning levels based on WAC 173-340-900, Table 749-3.
% Based on Intruder Assessment, Appendix D, Attachment B.

DOEL/RL-2004-25, Remedial Investigation Report for the 200-PIV-2 Uranium-Rich Process Waste Group and 200-PiV-4

General Process Condensate Group Operable Units.
WAC 173-340-745, “Soil Cleanup Standards for Industrial Propertics.”
WAC 173-340-900, “Tablcs.”

MCL = maximum contaminant level.

NA
PRG
RESRAD

not applicable.
preliminary remediation goal.
RESidual RADioactivity (dosc model).
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3.0 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES
AND PRELIMINARY REMEDIATION GOALS

This chapter defines the land use for the 200-PW-2 and 200-PW-4 OUs and the region, the
RAO:s, the elements for the development, and PRGs against which remedial action alternatives
are evaluated Jater in this FS. The Implementation Plan (DOE/RL-98-28) provided preliminary
RAOs. The Work Plan (DOE/RL-2000-60) and the RI Report (DOE/RL-2004-25) provide RI
data to help define RAOs for the waste sites. For this FS, Implementation Plan information was
compared to data collected during the RI activities and refinements were made as appropriate for
the 200-PW-2 and 200-PW-4 OU waste sites.

The RAOs are media-specific or OU-specific objectives for protecting human health and the
environment and describe remediation goals so that an appropriate range of remedial options can
be developed for evaluation. The RAOs are developed considering land use, contaminants of
potential concern (COPC), potential applicable or relevant and appropriate requirements
(ARAR), and exposure pathways (conceptual model). The RAOs are defined as spectfically as
possible without limiting the range of GRAs that can be applied.

The RAO process requires identification of potential future land use and refinement of
representative site COPCs (Work Plan, Tables 3-7 and 3-8) to contaminants of concem (COC)
through the risk assessment process. This information ensures that the remedial alternatives
being considered can adequately address the types of contaminants present, and facilitates
refinement of potential ARARs. The RAOs also provide the basis for developing the GRAs that
will satisfy the objectives of protecting human health and the environment.

3.1 LANDUSE

To identify appropriate cleanup objectives, the future land use of a site must be considered.
Current and future land uses of the 200 Areas and the Central Plateau are discussed in the
following scctions.

3.1.1 Current Land Use

All current land-use activities associated with the 200 Areas and the Central Plateau are
industrial in nature. The facilitics located in the Centra! Plateau were butlt to process irradiated
fuel from plutonium production reactors located in the 100 Areas. Most of the large and
contaminated facilities directly associated with fuel reprocessing are now inactive and awaiting
final disposition. Several waste management facilities operate in the 200 Areas, including
permanent waste disposal facilities such as the ERDF, low-level radioactive waste burial
grounds, and a mixed-waste trench permitted under RCRA. Construction of a facility for
vitrification of tank waste facilities in the 200 Areas began in 2002 and the 200 Areas are the
planned disposal location for the vitrified low-activity tank wastes. Past-practice disposal sites in
the 200 Areas are being evaluated for remediation that is likely to include institutional controls
(e.g., deed restrictions or covenants) as part of the selected remedy. Federal agencies other than
the DOE, such as the U.S. Department of the Navy, use the Hanford Site 200 Areas nuclear

3-1



DOE/RL-2004-85 DRAFT A

waste TSD facilities. A commercial low-level radioactive waste disposal facility, operated by
US Ecology, Inc., currently operates on a portion of a tract in the 200 Areas leased to the State
of Washington.

The DOE-sclected land use for the 200 Areas, documented through the land-use ROD

(64 FR 616135, “Record of Decision: Hanford Comprehensive Land-Use Plan Environmental
Impact Statement (HCP EIS),” is industrial (exclusive) for sites located within the exclusive use
zone (Chapter 1.0, Figure 1-1). This land-use designation is for those areas suitable and
desirable for TSD of hazardous, dangerous, radioactive, and nonradioactive wastes, and related
activities consistent with industrial-exclusive uses.

According to DOE/EIS-0222-F, Final Hanford Comprehensive Land Use Plan Environmental
Impact Statement (HCP), industrial (exclusive) land usc would prescrve DOE control of the
continuing remediation activities and would use the existing compatible infrastructure required
to support activities such as dangerous waste, radioactive waste, and mixed-waste TSD facilities.
The DOE and its contractors and the U.S. Department of Defensc and its contractors could
continue their federal waste disposal missions; and the Northwest Interstate Compact for
Low-Level Radioactive Waste Management could continue using the US Ecology, Inc., site for
commercial radioactive waste. Research supporting dangerous waste, radioactive waste, and
mixed-waste management facilities also would be encouraged within this land-use designation.
New uses of radioactive materials, such as food irradiation, could be developed and the products
could be packaged for commercial distribution under this land-usc designation.

3.1.2 Anticipated Future Land Use

The rcasonably anticipated future land use for the Core Zone, as described by the Tri-Parties
responsc to HAB Advice #132 (HAB 2002), is continued industrial (exclusive) activities for the
foresecable future. Eventually, portions of the Core Zone may be used for non-DOE-related
industrial uses. The DOE worked for several years with cooperating agencies and stakeholders,
including the U.S. Department of Interior, Tribal Nations, states of Washington and Oregon,
local county and city governments, cconomic and business development interests, environmental
groups, and agricultural interests, to define land-use goals for the Hanford Sitc and develop
future land-use plans. The results were reported in The Future for Hanford: Uses and Cleanup,
The Final Report of the Hanford Future Site Uses Working Group (Drummond 1992) and
culminated in the HCP (DOE/EIS-0222-F) and associated ROD (64 FR 61615) issued in 1999,
The HCP was written to address the growing need for a comprehensive, long-term approach to
planning and development on the Hanford Site because of DOE’s separate missions of
environmental restoration, waste management, and science and technology. The HCP analyzes
the potential environmental impacts of alternative land-use plans for the Hanford Site, considers
the land-use implication of ongoing and proposed activities, and identifies the land-use
designation for sites inside the exclusive use zone as industrial (exclusive).

Under the preferred land-use alternative selected in the ROD (64 FR 61615), the area inside the
exclusive use boundary of the Central Plateau was designated for industrial (exclusive) use. The
current vision for all of the 200 Areas is continued usc for management of hazardous, dangerous,
radioactive, and nonradioactive wastes. The HCP and ROD incorporate this vision in the
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selected alternative, describe the means by which new projects will be sited, and focus on using
existing infrastructure and developed areas of the Hanford Site for new projects. To support the
current vision, the 200 Areas projects will maintain current facilities for continuing missions,
remediate soil waste sites and groundwater as necessary to support industrial land uses, lease
facilities for waste disposal (i.e., US Ecology, Inc.), and demolish facilities that have no further
beneficial use. Based on the HCP and assoctated ROD, and consistent with other Hanford Site
waste management decisions, this FS assumes an industria! land use for all the waste sites,
because they are within the Core Zone. Risk assessments for the industrial land use are
conducted considering a non-Hanford Site worker industrial receptor to bound the industrial
land-use exposure possibilities.

3.1.3 Regional Land Use

Communities in the region of the Hanford Site consist of the incorporated cities of Richland,
West Richland, Kennewick, and Pasco, and numerous other smaller communities within Benton
and Franklin Counties. The estimated population of the region in 2000 was 186,600, with the
population of Benton County being 140,700 and the population of Franklin County being 45,900.
There are no residences on the Hanford Site. The inhabited residences nearest to the 200 Arcas
are farmhouses on land approximately 16 km (10 mi) north across the Columbia River. The City
of Richland corporate boundary is approximately 27 km (17 mi) to the south (PNNL-6415,
Hanford Site National Environmental Policy Act (NEPA) Characterization).

3.1.4 Groundwater Use

The HCP indicates that contamination in the groundwater would restrict use. Groundwater
beneath the Central Plateau currently is contaminated, is not withdrawn for beneficial uses, and
is not expected to be suitable for beneficial uses for the next 300 years. This FS evaluates
potential future impacts to groundwater from current vadose zone contaminants at the
representative sites, but does not evaluate groundwater remediation. This issuc will be addressed
through the evaluation of the groundwater OUs (i.e., 200-UP-1, 200-BP-5, 200-ZP-1, and/or
200-PO-1) and through other sitewide asscssments.

3.2 CONTAMINANTS OF POTENTIAL
CONCERN

Contaminants that have the potential to contribute significantly to site risk are referred to as
COPCs. Identification of COPCs is an important process because it determines the list of
contaminants for which further risk evaluations will be developed. Development of COPCs in
the data evaluation and risk assessment process is discussed in EPA/540/1-89/002, Risk
Assessment Guidance for Superfund (RAGS), Volume 1 -- Human Health Evaluation Manual,
(Part A} Interim Final, OSWER 9285.7-01A. Those contaminants that are COPCs are
determined by comparing contaminant concentrations with screening factors (e.g., background)
and developing a sct of data for use in risk assessment. The evaluation of COPCs is presented in
the RI Report (DOE/RL-2004-25) and Appendix D of this FS for the 207-A South Retention
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Basin, 216-A-10 Crib, 216-A-19 Trench, 216-A-36B Crib, 216-B-12 Crib, and the
216-A-37-1 Crib; and Appendix A of this FS for the 216-S-7 Crib.

A summary of COPCs for all representative sites is provided in Appendix D, Tables D-1

and D-2. This list of COPCs is carried forward and presented in risk assessment results. The
risk assessment process compares containment concentrations, appropriate radiological risk and
dose limits, and risk-based cleanup standards through computed modeling and/or screening.
Only thosc constituents that excecd one more of these criteria and were not removed by further
FS evaluation (Section 2.6.6) are retained as COCs.

3.3 POTENTIAL APPLICABLE OR RELEVANT
AND APPROPRIATE REQUIREMENTS

Appendix C identifies the potential ARARSs for the waste sites in this FS. Appendix C also
identifies the ARAR identification process for applicability or for relevance and appropriateness.

34  REMEDIAL ACTION OBJECTIVES

The RAOs are media-specific or OU-specific objectives for protecting human health and the
environment and describe what the remedial action is expected to accomplish. The RAOs are
developed considering land use, COPCs, potential ARARs, and exposure pathways (conceptual
model). The RAOs help measure how well a remedial altemative will comply with ARARs
and/or mect human health and environmental risk protection requirements. This chapter
describes RAO development and the RAOs against which alternatives are evaluated.

3.4.1 Remedial Action Objective Development

The RAOs describe what the remedial action is expected to accomplish (i.¢., medium-specific or
site-specific goals for protecting human health and the environment). They are defined as
spccifically as possible and usually address the following variables:

+ Media of interest (e.g., contaminated soil, solid wastc)

Types of contaminants (e.g., radionuclides, inorganic and organic chemicals)

» Potential receptors (e.g., humans, animals, plants)
» Possible exposure pathways (e.g., external radiation, ingestion)

» Levels of residual contaminants that may remain following remediation (i.c., contaminant
levels below cleanup standards or below a range of levels for different exposure routes).

The RAOs help determine whether a specific remedial alternative complies with potential
ARARSs and/or reduces risk to human health or the environment appropriately. Preliminary
RAO:s specific to the entire 200 Areas for soils, solid wastes, and groundwater were developed in
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the Implementation Plan (DOE/RL-98-28). Based on these preliminary RAOs, RAOs for the
200-PW-2 and 200-PW-4 OU sites are as follows.

RAO 1 - Prevent unacceptable risk to human health and ecological receptors by exposure
to nonradiological constituents in soils and debris at concentrations above the
industrial-use criteria, as defined in WAC 173-340-745(5), “Soil Cleanup Standards for
Industrial Properties,” “Method C Industrial Soil Cleanup Levels.”

RAO 2 - Prevent unacceptable risk to human health and ecological receptors by exposure
to radiological constituents in soils and debris, by performing the following.

— Prevent exposure to radiological constituents at concentrations that will cause a dose
greater than 15 mrem/yr above background for industrial workers
(EPA/540/R-99/006, Radiation Risk Assessment at CERCLA Sites: Q&A,

Directive 9200.4-31P). A dose rate limit of 15 mrem/yr above background generally
achieves the EPA ELCR threshold, which ranges from 1 x 10%to 1 x 10™.

— Protect ecological receptors based on a dose rate limit of 0.1 rad/day for terrestrial
wildlife populations (DOE-STD-1153-2002, A4 Graded Approach for Evaluating
Radiation Doses to Aquatic and Terrestrial Biota), which is a To Be Considered
criterion).

RAO 3 — Prevent migration of contaminants through the soil column to groundwater or
reduce soil concentrations below WAC 173-340-747, “Deriving Soil Concentrations for
Ground Water Protection,” and 40 CFR 141.66, “Maximum Contaminant Levels for
Radionuclides,” groundwater protection criteria so that no further degradation of the
groundwater results from contaminant leaching from the 200-PW-2/200-PW-4 QU waste
sites.

RAO 4 - Prevent adverse impacts to cultural resources and threatened or endangered
specics and minimize wildlife habitat disruption.

The RAQs will be finalized in the ROD for these waste sites.

3.4.2 Remedial Action Objective Achievement

After the ROD is approved finalizing the RAOs, the remedial design report/remedial action work
plan will be prepared to describe how the RAOs will be achieved.

3.4.2.1 Achievement of Remedial Action Objective 1

For carcinogenic chemicals, RAO 1 will be achieved by prevention or reduction of human health
carcinogenic risks from waste or contaminated soil in an industrial scenario such that the
CERCLA ELCR goal of 10 cancer risk for carcinogens, equal to screening levels calculated
using the equations in WAC 173-340-745(5), is not excceded.
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For non-carcinogenic chemicals, RAO 1 is defined as prevention or reduction of risks from
direct contact with waste or contaminated soils that exceed a hazard quotient (HQ) of 1,
calculated using industrial-exposure assumptions and the equations in WAC 173-340-745(5).

Exposure of ecological receptors to wastes or soil contaminated with nonradiological
constituents will be prevented or reduced so that the HQ does not exceed 1.

3.4.2.2 Achievement of Remedial Action Objective 2

RAO 2 will be considered achieved for DOE and industrial site workers for protection from
radionuclide contaminants when for DOE site workers dose rates do not exceed 500 mrem/yr for
the next 50 years, and for industrial workers when dose rates caused by exposure to waste or
contaminated soil do not exceed 15 mrem/yr above background (generally equaling to the EPA
ELCR of 1 x 10* to 1 x 10®) for the period from 50 to 1,000 years from the present. In addition,
RAO 2 is achieved when waste is beneath the point of compliance (4.3 m [15 ft] bgs). For
ecological receptors, exposure to wastes or soil contaminated with radionuclides will be
prevented or reduced such that dose rates shall not exceed 0.1 rad/day for terrestrial organisms
and 1.0 rad/day for aquatic organisms and terrestrial plants.

3.4.2.3 Achievement of Remedial Action Objective 3

RAO 3 prevents further degradation of groundwater. RAO 3 is achieved by preventing or
reducing migration of contaminants through the soil column to groundwater such that
concentrations reaching groundwater do not exceed maximum contaminant levels (MCL) under
40 CFR 14! and/or State of Washington drinking water standards (WAC 246-290, “Department
of Health,” “Public Water Supplies™) and WAC 173-340-720, “Ground Water Cleanup
Standards.”

3.4.2.4 Achicvement of Remedial Action Objective 4

RAO 4 is achieved by implementing existing Hanford Site standards for protection of cultural
resources and wildlife habitat, and by enforcing appropriate institutional controls and monitoring
requirements. DOE has integrated natural resource concemns into this FS in accordance with
DOE polictes.

3.5 PRELIMINARY REMEDIATION GOALS

This section describes PRGs for direct human and ecological exposure for chemical and
radiologica! constituents, and protection of groundwater. PRGs (i.e., cleanup levels) are numeric
representations of the RAOs using the anticipated future land use as the exposure model for
applicable contaminants and exposure pathways. Typically, PRGs are identified for individual
hazardous substances identified as COCs. COCs are a subset of the COPCs (Appendix D,
Tables D-1 and D-2) determined by the risk assessment and further FS evaluation to exceed
applicable standards (Section 2.6). If multiple contaminants are present at a site, the suitability
of using individual PRGs as final cleanup values protective of human health and the environment
is evaluated based on site-specific information and the potential for contaminant interaction.
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These numeric soil PRGs were developed for the protection of human health, the protection of
ecological receptors, and the protection of groundwater (DOE/RL-92-24, Hanford Site
Background: Part 1, Soil Background for Nonradioactive Analytes). These PRGs then were
compared to each other to determine which offered the most restrictive value that would be
protective of all pathways, provided it is greater than background concentrations and the required
detection limit. If the lowest of the PRGs is lower than background concentrations or the
required detection limit, then background concentrations or the required detection limit,
whichever is higher, becomes the PRG according to WAC 173-340-700(6)(d), “Overview of
Cleanup Standards,” “Requirements for Setting Cleanup Levels,” “Natural Background and
Analytical Considerations.” The purpose of this process is to identify those constituents that
may posc an unacceptable risk. Tables 3-1 and 3-2 summarize the PRGs for the COCs retained.

PRGs and the potential ARARs can be met by reducing concentrations (or activities) of
contaminants or by eliminating potential exposure pathways/routes. PRGs for direct exposure
and protection of groundwater typically arc presented numerically as concentrations (milligrams
per kilogram or milligrams per cubic meter) or radioactivity (picocuries per gram). Final
remedial action goals are developed from the PRGs and specified in the ROD that will identify
the selected remedial altemnative for the 200-PW-2 and 200-PW-4 OUs.

Residual risks following completion of remediation of the waste sites must meet the RAOs

(i.e., 10% 10 10® ELCR for radiological, 10 ELCR for carcinogenic chemicals; nonradiological
chemical constituents must be below an HQ of 1.0 for non-carcinogens). Actual soil
contaminant concentrations achieving these cleanup objectives will be presented in a cleanup
veriftcation package for the facility. The cleanup verification package will demonstrate how and
where specific criteria have been applied and how the remedy protects receptors from the COCs
identificd for the waste sites.

3.5.1 Direct-Exposure Preliminary Remediation Goals
for Nonradioactive Contaminants

This subscction describes the PRGs for direct exposure to nonradioactive contamination for
human and ccological receptors.

3.5.1.1 Human Exposure to Nonradioactive Contaminants

For human receptors, PRGs for direct exposure to nonradioactive contamination in soils are
based on risk-based standards. Risk-based standards for individual hazardous substances are
established using applicable federal and state laws and the nisk equations. Risk-based standards
for individual carcinogens in an industrial-exposure scenario are bascd on CERCLA guidelines
of 10° ELCR. Risk-based standards for individual non-carcinogenic substances are sct at
concentrations that would result in no acute or chronic toxic effects on human health and the
environment and which correspond to an HQ of less than 1. Consistent with this approach, the
methodology described for industrial properties under WAC 173-340-745(5) is used to calculate
the risk-based standards, or Method A, as appropriate.
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Table 3-1, which summarizes nonradiological PRGs, does not include any COCs for direct
human exposure, because none of the representative sites analyzed possessed contamination
more shallow than 4.3 m (15 fi) bgs.

3.5.1.2 Ecological Exposure to Nonradioactive Contaminants

The 200-PW-2 and 200-PW-4 OU waste sites are all within the exclusive use area identified in
the HCP (DOE/EIS-0222-F) and HCP ROD (64 FR 61615) as industrial (exclusive). The
industrial (exclusive) land-use designation allows for continued waste management operations
within the 200 Areas consistent with past National Environmental Policy Act of 1969 (NEPA),
CERCLA, and RCRA commitments and development of new waste management facilities. Sites
within the industrial (exclusive) zonc currently have limited habitat suitable for the establishment
of ecological communitics and food webs 1o support a hicrarchy of terrestrial receptors.
Maintenance of the industrial (exclusive) use will prevent future human inhabitation. However,
cleanup to industrial land-use standards may not continue to be protective of ecological receptors
after loss of institutional controls (greater than 150 years). A screening-level ccological risk
assessment has been used to develop soil PRGs for the protection of terrestrial wildlife.

Because the waste sites in this FS are all within the Core Zone, only terrestrial wildlife risks were
evaluated. Consistent with this approach, WAC 173-340-7490(3)(b), “Terrestrial Ecological
Evaluation Procedures,” “Goal,” specifies that for industrial or commercial properties, current or
potential exposure to soil contamination only need be evaluated for terrestrial wildlife protection.
Plants and soil biota need not be considered unless the species is protected under the federal
Endangered Species Act of 1973. Currently, no federally listed threatened or endangered species
are known to exist at the waste sites of this FS. Surveys conducted during field activities will
confirm the absence of protected species.

For sites with controls that prevent excavation of deeper soil, a conditional point of compliance
for ecological receptors may be sct at the biologically active soil zone. This zone s assumed to
extend to a depth of 2.7 m (9 ft), based on the conditional point of compliance requirements
stated in WAC 173-340-7490(4), “Terrestrial Ecological Evaluation Procedures,” “Point of
Compliance” (DOE/RL-2001-06, Conments on Hanford 2012: Accelerating Cleanup and
Shrinking the Site). Priority chemicals of ecological concern and their soil-screcning levels are
listed in WAC 173-340-900, “Tables,” Table 749-3. These soil-screening levels were used in
conjunction with the risk assessment to develop PRGs for the COCs that are protective of
ecological receptors, as indicated in Table 3-1. Table 3-1 includes only uranium as a COC for
ecological exposure at the 216-A-19 Trench.

3.5.2 Direct-Exposure Preliminary Remediation Goals
for Radionuclides

The following subsections describe the PRGs for direct exposure to radioactive contamination
for human and ecological receptors.
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3.5.2.1 Human Radionuclide Exposure

For locations within the industrial (exclusive) land-use area, the DOE dosc limits (currently,

500 mrem/yr) for radiological workers will be in effect for as long as waste management
operations continue. After a period of 50 years, all waste management facilities are assumed to
be closed. However, access to the 200 Areas is assumed restricted for an additional 100 years by
enforcement of effective institutional controls. Institutional controls still would exist after that
time; however, an intruder presumably could obtain access to the area and establish a residence.

Afler the cessation of waste management opcrations, remediation goals for radioactive wastes
and radioactively contaminated soils for human receptors are considered to be based on the EPA
radionuclide soil cleanup guidance. As established by 40 CFR 300, “National Oil and Hazardous
Substances Pollution Contingency Plan,” CERCLA cleanup actions generally should achieve a
level of risk within the 107 to 10 ELCR based on the reasonable maximum exposure for an
individual. Furthermore, EPA policy has noted that the upper boundary of the risk range is not a
discrete line at 10 and that a specific risk estimate around 10 may be considered acceptable, if
justified based on site-specific conditions (EPA/540/R-99/006). The goal of remediation is to
achieve the 10 to 10 risk range, using a dose of 15 mrem/yr above background as an
opcrational guideline to achieve this goal. Achievement of the 107 to 10°® residual risk-range
goal will be verificd through sampling during closcout of individual sites.

The individual PRGs for the identified COCs are calculated using the RESidual RADioactivity
(RESRAD) dose assessment model (ANL/EAD-4, User's Manual for RESRAD, Version 6) and
are provided in Table 3-2. Numerical values of radionuclide PRGs corresponding to the

15 mrem/yr guidance limits for the identificd COCs depend on the specific exposure scenario
selected for remedial design and site-specific parameters (e.g., the area/extent of the waste site).
Radionuclide PRGs corresponding to the 15 mrem/yr guidance limits for direct exposure to
contaminated soil were calculated for the industrial scenario, as described in Scction 2.6 of this
FS. In addition, COCs corresponding to potential intruder exposure are included in Table 3-2.

Uranium-soluble salts present non-carcinogenic chemical toxicity hazard effects that are
evaluated by an HQ in addition to the incremental cancer risks from the radioactive isotopes of
uranium. Because the dose from total uranium will exceed the 15 mrem/yr radioactivity hazard
guidance limits at an activity or concentration less than the concentration corresponding to an
HQ of 1, it is expected that cleanup to meet the radioactivity hazard will address the chemical
toxicity hazard.

3.5.2.2 Ecological Radionuclide Exposure

No promulgated screening or cleanup levels are available to assess the potential effects of
residual radioactive surface contamination on ecological receptors. As a result, the DOE has
produced DOE-STD-1153-2002. This technical standard provides a graded approach to
ecological risk assessment for radionuclides and screening-level biota concentration guides
(BCG) that can be used to demonstrate compliance with DOE dose limits and assess ecological
effects of radiological exposure when conducting ecological risk assessments.

This approach for evaluating radiation doscs 1o biota consists of a three-step proccss that is
designed to guide a user from an initial, conservative general screening to a more rigorous
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analysis using site-specific information (if necded) and is consistent with the EPA methodology
for conducting ecological risk assessments. The process includes (1) assembling radionuclide
concentration data and knowledge of sources, receptors, and routes of exposure for the area to be
evaluated; (2) applying a general screening methodology that provides limiting radionuclide
concentration values (i.e., BCGs) in soil, sediment, and water; and (3) if necded, conducting a
risk evaluation through site-specific screening, site-specific analysis, or a site-specific biota dose
assessment conducted within an ecological risk framework, similar to that reccommended by
EPA/630/R-95/002F, Guidelines for Ecological Risk Assessment. Any of the steps within the
graded approach may be uscd at any time, but the general screening methodology is usually the
simplest, most cost-effective, and least time-consuming process,

Soil concentrations less than the BCGs are not considered to pose a threat to terrestrial receptors.
The BCGs contained in DOE-STD-1153-2002 include conservative screening concentrations
that are judged to be protective of the most sensitive terrestrial orgamsms in environmental
media (i.c., soil, sediment, or water), assuming a dose of 0.1 rad/day,' which would not exceed
the DOE’s established or recommended dose standards for biota protection.

3.5.3 Preliminary Remediation Goals for the
Protection of Groundwater

Remediation goals for the protection of groundwater must address contamination reaching the
groundwater and residual contamination remaining in the ground after remediation. The
remediation goals must consider risk-based standards where contamination might have contacted
groundwater and standards for residual contamination that might migrate through the vadosc
zonc to groundwater. Residual vadose zone contamination must be below activities or
concentrations that could cause groundwater to exceed protective levels, if contaminant
migration occurs. The following subsections present remediation goals for groundwater and for
residual contamination in the vadose zone and a discussion for achieving thesc remediation
goals.

3.5.3.1 Nonradionuclide Preliminary Remediation Goals for the Protection of
Groundwater

The PRGs for nonradionuclides in the vadose zone that are protective of groundwater are
developed from the more stringent of potential ARARs (e.g., MCLs as defined in 40 CFR 141)
and published risk-based standards. Consistent with this approach, soil concentrations protective
of groundwater are established pursuant to the provisions of WAC 173-340-747 unless it can be
demonstrated that a higher contaminant concentration is protective of groundwater

(WAC 173-340-747[3][e], “Deriving Soil Concentrations for Ground Water Protection,”
“Overview of Methods,” “Alternative Fate and Transport Models™). Values of soil
concentrations protective of groundwater were calculated using formulas from

WAC 173-340-747 and inputs from Ecology 94-145, Cleanup Levels and Risk Calculations

Merrestrial plant species are assumed to be protected at sites containing a dose of up to 1 rad/day
(DOE-STD-1153-2002).
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under the Model Toxics Control Act Cleanup Regulation; CLARC, Version 3.1. Table 3-1
provides the PRGs for nonradionuclides identified as COCs. These calculated values are
conservative and were used for remedy evaluation (see Chapters 6.0 and 7.0). These values will
be refined using detailed fate and transport modeling based on site-specific parameters to yield
final PRGs. Thus, a to-be-determined (TBD) value also is indicated in Table 3-1.

3.5.3.2 Radionuclide Preliminary Remediation Goals for the Protection of Groundwater

MCLs for radionuclide contaminants in drinking water are specified in 40 CFR 141. PRGs for
radionuclide contaminants in water, protective of both groundwater and surface water, arc bascd
on achieving these MCLs. For radionuclides in the vadose zone, concentrations of residual
contaminants are considered protective of groundwater if the residual levels do not result (via
migration through the vadose zonc) in concentrations that exceed groundwater remediation
goals. Remediation goals for radionuclides in water, considered protective of human health, also
are considered protective of potential ecological receptors at the groundwater/river interface.

In accordance with 40 CFR 141, the average annual activity of beta particle and photon
radioactivity from manmadec radionuclides in drinking water shall not produce an annual dosc
equivalent to the total body or any intcrnal organ greater than 4 mrem/yr (40 CFR 141.66,
“National Primary Drinking Water Regulations,” “Maximum Contaminant Levels for
Radionuclides”™). The MCLs for Sr-90 and tritium arc 8 pCi/L and 20,000 pCi/L, respectively
(40 CFR 141.66). The MCLs for all other manmade radionuclides causing a 4 mrem/yr dose
(except Ra-226 and Ra-228) are calculated based on a 2 L/day drinking water intake using the
168-hour data listed in NBS Handbook 69, Maximum Permissible Body Burdens and Maximum
Permissible Concentrations of Radionuclides in Air or Water for Occupational Exposure. The
EPA has calculated drinking water MCLs for radionuclides in 40 CFR 141, based on NBS
Handbook 69. Thesc values of radionuclide drinking water MCLSs also are presented in
EPA/540/R-00/007, Soil Screening Guidance for Radionuclides: User's Guide, OSWER
Directive 9355.4-16A, Table D.2. If two or more radionuclides are present, the sum of their
annual dose shall not excced 4 mrem/yr (40 CFR 141.66).

The MCL for uranium in drinking water is 30 pg/L, as promulgated by the EPA (65 FR 76708,
“Nationa! Primary Drinking Water Regulations; Radionuclides; Final Rule™). Bascd on the
isotopic distribution of uranium on the Hanford Site, the 30 ug/L MCL corresponds to an activity
of 21.2 pCi/L (BHI Calculation No. 0100X-CA-V0038, Calculation of Total Uranium Activity
Corresponding to a Maximum Contaminant Level of Total Uranium of 30 Micrograms per Liter
in Groundwater).

Groundwater protection PRGs are included in Table 3-2. Conservative values calculated per
EPA/540/R-00/006, 2000, Soil Screening Guidance for Radionuclides: Technical Background
Document, OSWER 9355.4-16, were used for remedy evaluation (see Chapters 6.0 and 7.0).
These values will be refined using detailed fate and transport modeling based on site-specific
parameters to yield final PRGs. Thus, a TBD value also is indicated in Table 3-2.
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Table 3-1. Summary of Soil Preliminary Remediation Goals

for Nonradionuclides for All Pathways. (2 Pages)

Hanford Site Direct Groundwater T:{,:le;:i;ial Overall
Constituent Background® Contact® Protection® P 4 PRG* Rationale’
) X rotection .
(mg/ke) (mg/kg) (mg/kg) (me/ke) (mg/ke)

207-A South Retention Basin (No Nonradionuclide Contaminants of Concern)

216-A-10 Crib (No Nonradionuclide Contaminants of Concern)

216-A-19 Trench

Nitrate (as N) 11.7 b5.6x10° TBD40 - TBD-40 | Groundwater protection
Nitrate/nitrite (as N) 11.7 *5.6x10° TBD-40 - TBD-40 | Groundwater protection
Total uranium 321 b1.05x10* TBD-1.32 5.9 TBD-3.21 | Background
216-A-36B Crib
Nitrate (as N) 1.7 bs.6x10° TBD-40 - TBD-40 | Groundwater protection
Nitrate/nitrite (as N) 11.7 b5.6x10° TBD-40 - TBD-40 | Groundwater protection
Nitrite (as N) -~ *3.50x10° TBD-4.0 -- TBD-4.0 | Groundwater protection
Total uranium 3.21 b1.05x10* TBD-1.32 5.9% TBD-3.21 | Background
216-A-37-1 Crib
Nitrate (as N) 11.7 *5.6x10° TBD-40 - TBD-40 | Groundwater protection
Nitrate/nitrite (as N) 11.7 *5.6x10° TBD-40 - TBD40 | Groundwater protection
216-B-12 Crib
Nitrate (as N) 1.7 b5.6x10° TBD-40 - TBD-40 | Groundwater protection
Nitrate/nitrite {as N) 1.7 k5.6x10° TBD-40 - TBD-40 | Groundwater protection
Total uranium 3.21 *1.05x10* TBD-1.32 5.9¢ TBD-31.21 | Background
216-5-7 Crib
Nitrate 11.7 b5.6x10° TBD-40 - TBD-40 | Groundwater protection
Nitrate/nitrite 11.7 b5.6x10° TBD-40 - TBD-40 | Groundwater protection
Total uranium 321 51.05x10* TBD-1.32 5.98 TBD-3.21 | Background
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Table 3-1. Summary of Soil Preliminary Remediation Goals
for Nonradionuclides for All Pathways. (2 Pages)

Hanford Site Direct Groundwater T:;::;:i??l Overall
Constituent Bzckground' Contact® Protection® Protection® PRG* Rationale’
(mg/kg) (mg/ke) (mg/kg) (ms/ke) (mg/ke)

* Background concentrations are 95th percentile values of the log normal distribution of sitewide soil background data from DOE/RL-92-24, Volume 1, Table 2. Uranium
background value is based on the combined background for the specific isotopes found in DOE/RL-96-12, Table 5-1, lognormal distribution 90%.

® Dircct-contact values represent vadose zone concentrations that are protective of human receptors from direct contact with contaminated solids. Listed
\WAC 173-340-745(5) Method C cleanup standards for industrial soil are obtained from the Washington State Department of Ecology CLARC Version 3.1 tables (updated
November 2001) (Ecology 94-145) and are used to evaluate the top 4.6 m (15 ft) (WAC 173-340-745).

 TBD PRG values for uranium and nitrogen compounds (e.g., nitrate) will be established using site-specific fate and transport modeling (¢.g., STOMP). Definitive values
are calculated using the conservative Washington Administrative Code three-phase model for protection of drinking water (WAC 173-340-747[4], amended February 12,
2001). These values are used for initial remedy evaluation purposes.

9 Industrial soil levels protective of terrestrial wildlife are obtained from WAC 173-340-900, Table 749-3. For uranium, sce note g.

¢ Listed values represent the most restrictive PRG of the direct exposure, terrestrial wildlife, and groundwater protection pathways and evaluation of this value to ensure that
it is not less than natural background and for analytical considerations as indicated in WAC 173-340-700(6)(d).

fIdentifies the technical basis (rationale) for the overall PRG values selected based on discussion in note € (above).

# Terrestrial wildtife screening level for uranium calculated following WAC 173-340-900 methodology (WMP-20570, Appendix D).

* Not a contaminant of concern for the given exposure consideration {e.g., direct contact, groundwater protection, or terrestrial wildlife exposure) at this waste site. However,
the associated risk-based concentration is provided for reader information.

DOE/RL-92-24, Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes.

DOE/RL-96-12, Hanford Site Background: Part 2, Soil Background for Radionuclides.

Ecology 94-145, Cleanup Levels and Risk Calculations under the Model Toxics Control Act Cleanup Regulation; CLARC, Version 3.1.

WAC 173-340-700(6)4), “Overview of Cleanup Standards,” *Requirements for Setting Cleanup Levels,” “Natural Background and Analytical Considerations.™

WAC 173-340-745(5), “Soil Cleanup Standards for Industrial Propertics,” “Method C Industrial Seil Cleanup Levels.”

WAC 173-340-747(4), “Deriving Soil Concentrations for Ground Water Protection,” “Fixed Parameter Three-Phase Partitioning Model,"WWMP-20570, Central Plateau
Terrestrial Ecological Risk Assessment Data Quality Objectives Summary Report — Phase 1.

WAC 173-340-900, “Tables.”

WMP-20570, Central Plateau Terrestrial Ecological Risk Assessment Data Quality Objectives Summary Report — Phase I,

- no criteria established.
CLARC

= cleanup levels and risk calculations.
PRG = preliminary remediation goal.
STOMP = PNNL-11216, STOMP -- Subsurface Transport Over Multiple Phases: Application Guide.
TBD = tobedetermined.
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Table 3-2. Summary of Soil Preliminary Remediation Goals for Radionuclides for All Pathways.

vi-¢

Constituen | Manforaite | "R I wikitenoer | protectans | OveralPRGS Rationate
(pCi/g) (pCi’'g) (pCi/g)
207-A South Retention Basin (No Radiological Contaminants of Concern)
216-A-10 Crib
Iodine-129 l - | 3,081 | 5,670 | TBD-0.00373 | TBD-0.00373 | Groundwater protection
216-A-19 Trench (No Radiological Contaminants of Concern)
216-A-36B Crib
Technetium-99 | - l 412,000 | 4,490 I TBD-5.01 I TBD-5.01 | Groundwater protection
216-A-37-1 Crib (No Radiclogical Contaminants of Concern)
216-B-12 Crib (No Radiological Contaminants of Cencern)
216-5-7 Crib
Tritium | - I 79,010 174,000 TBD-290 | TBD-290 Groundwater protection

*Dircct-exposure values represent activities for individual radionuclides comresponding to a 15 mremvyr dose rate in an industrial scenario. Listed value is used to
evaluate top 4.6 m {15 ft.) of soil.

*DOE-STD-1153-2002, Table 6.4 of Module 1 and the associated calculator, Listed value is used to evaluate top 4.6 m (15 ft) of soil.

¢ PRG values will be established based on anticipated site-specific fate and transport modeling (e.g., STOMP).

9Listed values represent the most restrictive PRG derived from evaluation of the direct exposure, terrestrial wildlife, and groundwater protection pathways;
and evaluation of this value to ensure that it is not less than natural background; and analytical considerations as identified in WAC 173-340-700(6){d).

‘ldcnnl‘ ies the technical basis (rationale) for the sclected overall PRG values selected based on the discussion provided in note d (above).

bl igh concentration contaminants (e. 8+ Cs-137, 5r-90, Am-241, Pu) that were not shown by the formal baseline risk assessment to impact human health and the
environment based on their location in site soils, were ehmmalcd from further consideration as COCs and were not assigned a PRG value. At sites where such
contarninants could potentially impact an inadvertent intruder, the impact was evaluated through the CERCLA long-term effectiveness and permanence criterion.

DOE-STD-1153-2002, A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota.

WAC173- 340-700(6)(d}. “Qverview of Cleanup Standards,” “Requirements for Setting Cleanup Levels,” “Natural Background and Analytical Considerations.”
- no criteria established.

NA = ot applicable.

PRG = preliminary remediation goal.

STOMP = PNNL-11216, STOMP -- Subsurface Transport Over Multiple Phases: Application Guide.
TBD = to be determined.
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4.0 IDENTIFICATION AND SCREENING OF REMEDIAL
TECHNOLOGIES

This chapter presents the process for identifying potentially viable technologies for remediation
of the 200-PW-2 and 200-PW-4 QU waste sites and the technologies retained by the FS based on
understanding of GRAs necessary to address site risks.

4.1 GENERAL RESPONSE ACTIONS

The initial process of identifying viable remedial action altematives is described in the
Implementation Plan (DOE/RL-98-28) as consisting of the following steps.

1. Define RAOs.
2. Identify GRAS to satisfy RAOs.
3. Identify potential technologies and process options associated with each GRA.

4. Screcn process options to sclect a representative process for each type of technology
based on effectiveness, implementability, and cost.

5. Assemble viablc technologies or process options retained in Step 4 into alternatives
representing a range of removal, treatment, containment, and institutional controls
options plus a no-action option.

Chapter 3.0 identifies RAOs for this FS. The Implementation Plan identificd and provided a
detailed description of the following preliminary GRAs:

No action

Institutional controls
Containment

Removal, treatment, and disposal
Ex situ treatment

In situ treatment.

These GRAs are intended to cover the range of options necessary to meet the RAOs. Significant
modifications to thesc GRAs were not necessary, based on new information collected and
evaluated in the RI Report (DOE/RL-2004-25). Detailed descriptions of each GRA are included

in the Implementation Plan.

42  SCREENING AND IDENTIFICATION OF
TECHNOLOGIES

Potentially applicable technology types and process options were identified and screened in the
Implementation Plan in accordance with CERCLA guidance using effectiveness,
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implementability, and relative cost as criteria to eliminate thosc options least feasible and to
retain those options considered most viable.

The initial identification and screening of remedial technologies described in Appendix D
(Scctions D5.0 to D5.6 and Table D-1) of the Implementation Plan (DOE/RL-98-28) are refined
for this FS based on the information obtained from the RI risk assessment that identified the
waste site risks evaluated to support this FS. The following sections update information on
existing technologies since the writing of the Implementation Plan, discuss screening of new
technologies identified since creation of the Implementation Plan, and discuss those technologies
that are retained for the 200-PW-2 and 200-PW-4 OUs. The technologies are discussed by GRA
group. Table 4-1 represents a roadmap for technology selection between the Implementation
Plan and this FS.

4.2.1 Rescreening of Implementation Plan Remedial
Technologies Based on Risk Assessment Results

Because the initial screening in the Implementation Plan was preliminary, and because additional
site-specific risk assessment and characterization information arc available, the remedial
technologies presented in the Implementation Plan were rescreened for application to the
200-PW-2 and 200-PW-4 OUs. The following is a brief screening discussion of the technologics
and the results of the refinements.

4.2.1.1 No Action

The National Contingency Plan (40 CFR 300) requires that a no-action alternative be evaluated
as a baseline for comparison with other alternatives. The no-action alternative represents a
situation where no restrictions, controls, or active remedial measures are applied to the site. The
no-action alternative implies a scenario of “walking away” from the site and taking no measures
to monitor or control contamination. The no-action alternative requires that a site pose no
unacceptable threat to human health and the environment. The no-action alternative was retained
in the Implementation Plan for 200-PW-2 and 200-PW-4 OUs and is carricd forward in this FS.
The no-action alternative only will be retained for analogous waste sites as a preliminary remedy
until completion of confirmatory sampling.

4.2.1.2 Institutional Controls

Institutional controls consist of (1) physical and/or legal barriers to prevent access to
contaminants, (2) monitoring groundwater and/or vadose zone, and (3) maintaining existing soil
cover. Institutional controls usually are required when contaminants remain in place at
concentrations above cleanup levels; controls likely will be a component of remedial
alternatives.

Physical methods of controlling access to waste sites are access controls, which include signs,
fences, and entry control; artificial or natural barriers; and active surveillance. Physical
restrictions are effective in protecting human health by reducing the potential for contact with
contaminated media and avoiding adverse environmental, worker safcty, and community safety
impacts arising from the potential release of contaminants associated with other remedial
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technologies (e.g., removal). However, physical restrictions are not effective in treating,
containing, or removing contaminants. Physical restrictions also require ongoing monitoring and
maintenance.

Legal restrictions include both administrative and real-property actions intended to reduce or
prevent future human exposure to contaminants remaining on site by restricting use of land,
including groundwater use. Land-use restrictions and controls on real-property development are
effective in providing a degree of human-health protection by minimizing potential for contact
with contaminated media. Restrictions can be imposed through land covenants, which would be
enforceable by the United States and, under Washington State law, Ecology. Land-use
restrictions are somewhat more effective than access controls if control of a site transfers from
the DOE to another party, because land-usc restrictions use legal and administrative mechanisms
alrcady available to the community and the State.

Disadvantages of land-use restrictions are similar to those for access control: these do not
contain, remove, or treat contaminants. In addition, land-use restrictions are not self-enforcing.
Land-use restrictions only can be triggered by an effective system for monitoring land usc to
ensurc compliance with imposed restrictions.

Sampling and environmental monitoring are an integral part of institutional controls and are
necessary to verify that contaminants are attenuating as expected, to ensure contaminants remain
isolated, and to ensurc that whatever remedial measures are in place are mecting their
performance objectives. Periodic sampling activities would include sampling of actual
contaminants and verification of overall site characteristics (geochemical, hydrogeologic, and
biological properties). Environmental monitoring would be conducted to ensure waste
containment is achieved and no further degradation of groundwater occurs. Surface radiation
surveys and sampling of local biota might be necessary if contaminants remain near the surface.

Depending on remedial action taken and results of sampling and monitoring, it would be
necessary to maintain existing soil cover or barrier to ensure continued isolation of contaminants.

Basced on results of the RI activities, no changes arec made to this technology from what appcared
in the Implementation Plan. Institutional controls technologies are incorporated in remedial

alternatives in Chapter 5.0 for evaluation.
4.2.1.3 Containment

Containment includes physical measures to restrict accessibility to in-place contaminants or to
reduce migration of contaminants from their current location. Containment technologies include
engincered surface barriers (caps) and vertical barriers (slurry walls and grout walls), which are
used to prevent or limit infiltration and/or intrusion into the contaminated zone.

4.2.1.3.1 Engineered Surface Barriers

Surface barriers, or capping, technologies are applicable for groundwater, human health, and
ecological protection. Several different types of surface barriers have been evaluated for use on
the Hanford Site. DOE/RL-93-33, Focused Feasibility Study of Engineered Barriers for Waste
Management Units in the 200 Areas, evaluated four conceptual barrier designs for different types
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of waste sites: the Hanford Barrier, the Modified RCRA Subtitle C Barrier, the Modified RCRA
Subtitle D Barrier, and the Standard RCRA Subtitle C Barrier. Bascd on the results of this
evaluation, the Implementation Plan identified three of these engineered barriers as being
suitable for usc at waste sites in the 200 Areas: the Hanford Barrier, the Modified RCRA
Subtitle C Barrier, and the Modified RCRA Subtitle D Barrier.

Generally, capping consists of constructing surface barriers over contaminated waste sites to
control the amount of water infiltrating into contaminated media, thereby reducing or eliminating
leaching of contamination to groundwater. In addition to hydrological performance, barricrs also
might function as physical barriers to prevent intrusion by human and ecological receptors, limit
wind and water erosion, and attenuate radiation.

Surface barriers proposed in this FS are evapotranspiration (ET) barriers, which predominantly
rely on the water-holding capacity of a soil, evaporation from the near-surface, and plant
transpiration to control water movement through the barrier, Precipitation infiltrates at the
surface, where precipitation is retained in the soil by absorption and adsorption until ET
processes move the water back to the atmosphere. Such designs particularly are suitable for
semiarid and arid climates with a low annual amount of precipitation and a relatively high ET
potential. When precipitation excecds ET, water is stored; and when ET exceeds precipitation,
water is released. Water balance studics on the Hanford Site show vegetation and soil type
control the downward movement of precipitation, and for finer grained soils with a healthy plant
cover of shrubs and grasses, net recharge is close to zero (Gee et al. 1992, “Variations in
Recharge at the Hanford Site™).

The ET barriers can be divided into two categorics: capillary barriers and monolithic barriers.
Barriers retained in the Implementation Plan (i.c., the Hanford Barrier, the Modified RCRA
Subtitle C Barrier, and the Modified RCRA Subtitle D Barrier) are capillary barriers, which
consist of a fine-grained soil layer overlying a relatively coarse-grained soil layer. Monolithic
barriers rely on a relatively thick single layer of fine-textured soil. The advantage of the
monolithic barrier is its simplicity. A single soil layer simplifies construction and maintenance.

A capillary barricr relies on maintaining a planar textural interface, which would be susceptible
to differential scttlements or subsidence. This is an important consideration for waste sites with
void space or solid waste susceptible to subsidence. Differential settlements can disrupt the
continuity of layers (i.e., offsct layers), which can create large macropores. However, a broad
range of options is available (e.g., dynamic compaction, compaction grouting) to mitigate the
substdence potential before barrier construction. Given the same soil type, the monolithic barrier
requires additional soil thickness relative to capillary barriers for an equivalent water storage
capacity. Should the thickness of the soil required for water-holding capacity exceed the rooting
depth, water remova! capacity diminishes. However, the additional thickness also can be
advantageous in providing increased intruder protectiveness.

Three cap designs retained in the Implementation Plan (the Hanford Barrier, the Modified RCRA
Subtitle C Barricr, and the Modified RCRA Subtitle D Barrier) were designed 1o address various
categories of waste (e.g., TRU, low-level, hazardous, and sanitary, respectively). All three
designs arc ET-type barriers, but include additional layers for added levels of containment or
redundancy. The term “modified” reflects that the design varies in certain key respects from

4-4



DOE/RL-2004-85 DRAFT A

conventional barrier designs, but is expected to be equivalent to, or to exceed the performance of,
the conventional design. The Modified RCRA C Barrier design was developed for sites
containing hazardous, low-level waste or low-level mixed waste to provide long-term
containment and hydrologic protection for a performance period of 500 years (DOE/RL-93-33).
The Modified RCRA C Barrier also was developed because the conventional RCRA C Barrier
design is aimed at areas with much higher precipitation and is not effective for arid climates.

The design includes the components of a capillary barrier overlying a seccondary barrier system
using a low-permeability layer. The secondary barrier layers are provisional, depending on the
site-specific need for redundancy in hydrologic protection, a vapor barrier, and/or a more robust
biointrusion layer.

The Hanford Barrier design was developed for sites containing greater-than-Class C low-level
waste and/or significant inventorics of TRU constituents. This barrier remains functional for a
performance period of 1,000 years. In addition, of the evaluated designs, the Hanford Barricr
provides the maximum available degree of containment and hydrologic protection. The design
consists of ninc layers of durable material with a combined thickness of 4.5 m (14.7 ft). Barrier
layers are designed to maximize moisture retention and ET capabilities and to minimize moisture
infiltration and biointrusion, considering long-tcrm variations in Hanford Site climate.

A 4-year (fiscal years 1995 through 1998) treatability test was completed successfully on a
prototype of the Hanford Barrier constructed in fiscal year 1994 over the 216-B-57 Crib.

The primary purpose of the test was to document surface barrier constructability, construction
costs, and physical and hydrologic performance in support of remedial decision making and
remediation at similar waste sites on the Hanford Site. Results of the treatability test arc reported
in DOE/RL-99-11, 200-BP-1 Prototype Barrier Treatability Test Report. Results demonstrate
the barrier easily is constructed with standard construction equipment, performance criteria were
met or excecded, and the Hanford Barrier and associated design components are highly effective.
Subsequent to the treatability test, monitoring activities have continued at the barrier. Results of
the monitoring activities are reported in annual letter reports, the most recent being CP-14873,
200-BP-1 Prototype FHanford Barrier Annual Monitoring Report for Fiscal Year 2002,

The ET barriers arc and continuc to be evaluated within the DOE Complex (Sandia National
Laboratory, Los Alamos National Laboratory, Idaho National Enginecring and Environmental
Laboratory, Nevada Test Site, Hanford Sitc), and by the EPA. The Alternative Cover
Assessment Program, sponsored by the EPA, is evaluating a number of field-scale test covers
throughout the United States. Results to date indicate that alternative barrier designs at semiarid
and arid sites generally exhibit little percolation (Albright et al. 2003, “Examining the
Alternatives™).

Supporting documentation and Hanford Site-specific field data demonstrate that capillary
barriers perform well (DOE/RL-99-11; PNNL-13033, Recharge Data Package for the
Immobilized Low-Activity Waste 2001 Performance Assessment). The Modified RCRA C
Barrier could be considered as an appropriate process option for FS waste sites requiring
exceptional protectiveness from cover performance. This process option forms the basis for
evaluating capping alternatives at soil waste sites not contaminated with TRU constituents. The
Hanford Barrier is constdered to be an appropriate process option for soil waste sites
contaminated with significant concentrations of TRU constituents.
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Although the Modified RCRA C Barrier process option is the basis for evaluating this
technology, this barrier does not preclude usc of other ET designs (e.g., monolithic barrier).
Performance and design parameters would be determined during remedial design. Both
monolithic and capillary barriers are shown to be equivalent to or to exceed the performance of
the standard RCRA Subtitle C Barrier design, and both are approved or planned for use in
several western states (DOE/RL-93-33).

4.2,1,3.2 Vertical Barriers (Slurry Walls and Grout Walls)

Slurry walls and grout walls were retained in the Implementation Plan (DOE/RL-98-28). Slurry
walls are formed by vertically excavating a trench and filling it with a slurry, typically a mix of
soil, bentonite, and water, to form a continuous low-permeability barrier. Grout walls are formed
by injecting grout, under pressure, dircctly into the soil matrix (permeation grouting) or in
conjunction with drilling (jet grouting) at regularly spaced intervals to form a continuous
low-permeability wall. Using directional drilling techniques, angled grout walls can be formed
beneath a waste site. This type of angled barrier is limited (more so than vertical slurry walls) by
difficulties in verifying barrier continuity and by the materials used. New innovative matcrials
have the potential for limiting radionuclide mobility through chemical reactions.

Slurry walls and grout walls have potential application in the vadose zonc to limit the horizontal
movement of moisture into contaminated materials or to limit the horizontal migration of
contaminants. Vertical barriers can be used as a supplemental element in the design of surface
barriers to improve containment performance; both slurry walls and grout walls are suitable
technologies for this application.

While the need for horizontal control of contaminant migration has not been identified based on
the RI Report (DOE/RL-2004-25), use of vertical slurry walls and grout walls has application in
this FS as a means of limiting horizontal movement of contamination and water, in particular as
part of a surface barrier alternative. Consequently, the vertical slurry and grout wall options arc
retained for use in the development of remedial alternatives discussed in Chapter 5.0, and for
potential future use following the collection and cvaluation of confirmatory data to confirm the
appropriate remedial action specified for the analogous waste sites.

Suitability of this technology to limit vertical migration of contaminants is less certain. The
geometry of representative sites in this FS (i.e., large surface arcas, long narrow ditches, or
contamination at considerable depth) presents significant difficulties for installation of a
horizontal grout barrier beneath these sites. For these reasons, the use of slurry walls and grout
walls to prevent vertical migration of contaminants is not retained in this FS.

4.2.1.4 Removal, Treatment, and Disposal

The Implementation Plan identified excavation of contaminated soils, with trcatment as necded
to meet disposal criteria, and transportation and disposal to the appropriate disposal facility, as an
applicable technology for the waste sites. Excavation of material generally is accomplished
using standard earth-moving equipment such as backhocs and front-end loaders. This
technology is retained for use at sites as a standalone remedial alternative and in combination
with other remedial technologies such as surface barricrs. A number of sites in the

200-PW-2 and 200-PW-4 OUs have significant contamination in the depth range below 7.6 m
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(25 ft). Excavation is more difficult at depths greater than 7.6 m (25 ), which is a normal reach
for conventional cxcavation equipment. Whilc excavation to greater depths is possible,
additional engineering controls such as shoring or more gradual slopes would be needed.
Terracing would be required to reach greater depths, which could interfere with nearby buildings
or facilities such as other waste sites, active facilities, or active process pipelines. Risks to
workers increcase with the depth of excavation because of increased construction duration and
exposure time to the workers.

Levels of contamination in many waste sites in the 200-PW-2 and 200-PW-4 OUs might pose a
significant dose threat to workers. Levels of radionuclides might result in excavation and
disposal activities being identified as nuclear activities. In addition, the levels might result in
implementing remote-handled removal techniques. Whether remote handled or contact handled,
special safety controls will be required to address the contaminant concentrations. Shoring might
be needed at cut intervals to reach these depths safely. Large excavations would significantly
increase the time that workers arc associated with the highly contaminated zones, resulting in
increasced doses. In addition, large excavations to thesc depths would put a large amount of
contaminated material at risk for spread via airborne pathways. Costs would increase because of
these increased safety techniques.

Waste disposal is divided into (1) onsite disposal of soils without transuranic (TRU)"
constitucnts and (2) temporary onstte storage of soils with TRU constituents, followed by offsite
disposal.

¢ Waste Disposal of Soils without TRU Constituents. Soils and debris not contaminated
with TRU constituents will be disposed of in an approved location or facility.

« Retrieval, Treatment, and Disposal of Soils with TRU Constituents. Significant
volumes of soil with TRU constituents might be generated from remediation of waste
sites in the 200-PW-2 and 200-PW-4 OUs. If repackaged soil were determined to exceed
100 nCi/g (100,000 pCi/g), soil would be transported to the Waste Receiving and
Processing Facility for wastc certification and shipment to the Waste Isolation Pilot Plant
(WIPP) in New Mexico.

Because the WIPP is exempt from RCRA land-disposal restrictions, specific ex situ treatment of
mixed TRU waste for organic and inorganic contaminants may not be necessary.

4.2.1.5 Ex Situ Treatment

Based on results of the RI, treatment ts not required to meet the disposal facility or WIPP waste
acceptance criteria. Ex situ treatment processes retained in the Implementation Plan
(DOE/RL-98-28) include thermal desorption, vapor extraction, mechanical separation, soil
washing, ex situ vitrification, solidification/stabilization, and soil mixing.

'Waste materials contaminated with 100 nCi/g of transuranic materials having half-lives longer than 20 years.
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Thermal desorption and vapor extraction technologics typically are applied to soils contaminated
with light- to medium-range hydrocarbons and other organics. Thermal desorption also is
effective on heavier range hydrocarbons (e.g., diesel, oil). Bascd on data contained in the

RI Report (DOE/RL-2004-25) and the results of the risk assessment, remediation for
hydrocarbons or organics is not necessary. These ex situ technologies are ineffective for
radionuclides and inorganic compounds and, therefore, were rejected for this FS.

The primary separation technique for solid media using mechanical separation is sieving to
segregate materia! according to size, but other physical properties also might be used as a basis
for segregation (e.g., local discoloration of soil). The main disadvantage of this technology is
that increased waste handling carries potential of increased worker risk and the production of
fugitive dust. This process was used as a component of removal and disposal actions on the
Hanford Site. Experience in the 300 Arca burial grounds shows that clogging of the sieving
device might be a problem. There is no apparent technical advantage to using mechanical
scparation for waste sites in this FS. Therefore, the technology is not retained in this FS.

Soil washing has limited effectiveness on many radionuclides, with risk of higher exposures to
workers and potentially high costs associated with soil washing, especially if chemicals are
needed to remove contaminants. Therefore, soil washing is not retained in this FS.

Ex situ vitrification is costly and is deemed unnccessary to disposc of waste at the waste disposal
facility or the WIPP. Thercfore, ex situ vitrification is not retained in this FS.

Solidification/stabilization technologies generally are used to immobilize soil contaminants; this
is assumed to be unnecessary for disposal to the waste disposal facility or to the WIPP.
Therefore, solidification/stabilization technologies are not retained in this FS.

Some soil mixing (blending) might be required to meet worker health and safety standards.
However, intended mixing of contaminated soil with cleaner soils is purposeful dilution and
generally prohibited by regulations. Therefore, soil mixing as a treatment technology is not
retained in this limited application in this FS.

4.2.1.6 In Situ Treatment

In situ treatment technologics were retained in the Implementation Plan to mitigate contaminant
mobility or to treat organics in situ. Technologics are vitrification, grout injcction, soil mixing,
dynamic compaction, and natural attenuation.

In situ vitrification (ISV) applies an electrical current to melt contaminated soil and/or debris and
forms a stable, vitrified mass when cooled. Stable mass chemically incorporates most inorganics
(including heavy metals and radionuclides) and destroys or removes organic contaminants.
Experience with ISV indicates convective mixing occurs during vitrification, which causes
contaminants to be mixed throughout the melt matrix. Air emissions are collected and treated
locally. In practice, vapors generated during vitrification are directed from the melt to an offgas
hood, then to the offgas treatment system, where vapors are treated using a combination of
scrubbers, filtration, and thermal oxidation (if required) before discharge to the environment.
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The ISV technology has been refined during the past scveral years to target contamination decp
below the surface. The planer-ISV technology has been used to depths of 8.8 m (29 ft) but
possibly could be deployed deeper. Individual melting events typically have a diameter of 12 m
(40 f1), but these can be overlapped to treat an arca of much greater arcal extent. Onc project
produced a contiguous vitrified monolith with surface dimensions of 60 by 60 m (200 by 200 ft)
by overlapping ncarly 40 individual melting events.

ISV has been shown to be effective at waste sites containing high concentrations of radionuclides
(including TRU) and hazardous constituents. The temperature of the subsurface is monitored
during the process to ensure a homogeneous melt. The vitrified monolith has been shown to
have chemical, physical, and weathering properties expected to result in a life expectancy
measured in geologic time (tens of thousands of ycars).

Dose reduction factors are addressed in PNL-4800 SUPP 1, In Situ Vitrification of Transuranic
Waste: An Updated Systems Evaluation and Applications Assessment. PNL-4800 SUPP 1
indicatcs dosc reduction is expected because of self-shielding of the vitrified mass. Data
collected from a number of projects demonstrate that dose is reduced as a result of the

ISV process.

Well documented are 1SV limitations on depth and configuration of application, high cost,
extensive services and infrastructure required for implementation (significant clectrical power
generation), and the uncertainties associated with how well ISV mitigates direct radiation dose
for constituents (e.g., Cs-137) that arc bound in the matrix but still remain at the site after
treatment. Given these limitations, ISV generally only is considered for use at sites where smatl
areas of TRU contamination exist in shallow soils and where significant electrical power is
available. However, at such sites removal generally is always the preferred alternative due to
cost and implementability unless limiting factors make removal impossible. Although the
200-PW-2 and 200-PW-4 OU waste sites do not contain a high Ievel of TRU constituents, a
potential exists for TRU constituents to exist in 216-A-36B Crib soil (Section 2.4.2) at
concentrations that could cause the soil to be designated as TRU waste, if removed. However,
becausc the potential TRU concentrations at the 216-A-36B Crib are deep (7.6 to 8.5 m [25 to
28 f] belowground surface [bgs]) and the site is large and unusually configured (i.e., very long
and narrow, approximately 152 by 3.4 m (500 by 11 ft) at the crib bottom, ISV is not considered
suitable for application at the 216-A-36B Crib.

Grout injection, commonly referred to as jet grouting or in situ grouting, is a process that entails
injecting a slurry-like mixture of cements, chemical polymers, or petroleum-based waxes into
contaminated media. Grouts are specially formulated to encapsulate contaminants, isolating
these from the surrounding environment. As summarized in INEEL-01-00281, Enginecring
Design File, Operable Unit 7-13/14 Evaluation of Soil and Buried Waste Retrieval Technologies,
in situ grouting has been approved by regulating agencies and implemented at several
small-scale sites. However, in situ grouting has not been applied to large-scale sites with many
radiological and chemical hazards, such as the 200-PW-2 and 200-PW-4 OU waste sites. Grout
injection, as a standalone action, is rejected for this FS because of the size and depth of the waste
sites and unproven effectiveness on large-scale sites having radiological and chemical hazards.
However, the technology is applicable to remedial alternatives to fill voids in pipelines, voids in
cribs, and voids in tanks remaining in place after contamination is removed.

4-9



DOE/RL-2004-85 DRAFT A

Dynamic compaction is used to increase soil density, compact buried solid waste, and/or reduce
void spaces by dropping a heavy weight onto the ground surface. The compaction process can
reduce the hydraulic conductivity of subsurface soils and, correspondingly, the mobility of
contaminants. Because the compactive energy attenuates with depth, dynamic compaction is
limited to shallow applications typically less than 3 m (10 ft). Chemicals and radionuclides at
the sites in this FS generally are deeper than 3 m (10 ft). For this reason, dynamic compaction is
rcjected in this FS as a standalone action. Dynamic compaction is retained inthe FS as a
sub-clement of surface barriers; this technology frequently is used to prepare a waste site for
barrier construction.

Decp-soil mixing uses large augers (mixers) and injector head systems to inject and mix
solidifying agents (cement-based or chemical fixatives) into contaminated soil in place. The
process reduccs the mobility of contaminants by entraining these in the solidifying agent. Soil
mixing at depth is difficult to implement in rocky soils, and the effectiveness of solidification of
the contaminated soil is difficult to monitor and ensure. Soil mixing is rejected for this FS
because of the size and depth of the waste sites to be treated.

Phytoremediation is the use of vegetation for in situ treatment of contaminated soils, sediments,
and water and best applied at sites with shallow contamination of organic, nutrient, or metal
pollutants. Phytoremediation is used at a number of pilot and full-scale ficld demonstration tests.
It is best employed at very large field sites where other methods of remediation are not
cost-effective or practicable, at sites with low concentrations of contaminants where only
“polishing treatment™ is required over long periods of time, and in conjunction with other
technologies where vegetation is used as a final cap and closure of the site. Limitations to
technology need to be considered carefully before selection for site remediation. These include
limited regulatory acceptance, long amount of time typically required for clean-up to below
action lcvels, potential contamination of vegetation and food chain, and difficulty establishing
and maintaining vegetation at some toxic waste sites.

Plants have shown the capacity to withstand relatively high concentrations of organic chemicals
without toxic effects, and can uptake and convert chemicals quickly to less toxic metabolites in
some cascs. In addition, plants stimulate degradation of organic chemicals in the rhizosphere by
release of root exudates, enzymes, and the build-up of organic carbon in soil. For metal
contaminants, plants show the potential for phytoextraction (uptake and recovery of
contaminants into aboveground biomass), filtering metals from water onto root systems
(rhizofiltration), or stabilizing waste sites by erosion control and ET of large quantities of water
(phytostabilization). Phytoremediation is rejected for this FS because contaminants in waste
sites typically are too deep to be effectively influenced by the roots of plants. In addition,
establishment of plants on a waste sitc would require supplemental watering, which has the
potential to mobilize subsurface contamination. Long-term management of contaminated plant
residue (falling leaves, branches, etc.) also would be required to prevent the potential spread of
contamination.

Natural attenuation is retained for this FS, because this is a natural component of all potential
alternatives. Natural attenuation is most effective on sites with nonradionuclides readily
degrading in the environment and on sites with radionuclides having short half-lives, such as
Cs-137. However, natural attenuation is a slow process at sites having radionuclides with long

4-10



DOE/RL-2004-85 DRAFT A

half-lives (e.g., plutonium and uranium) or nonradionuclides not degrading naturally in the

environment. It might be the only feasible and cost-effective technology for sites having deep
contamination, because other technologies (e.g., retricval and in situ treatment) are difficult 1o
implement, ineffective, and potentially cost prohibitive.

4.2.2 Summary of Remedial Technologics and Process
Options Retained for 200-PW-2 and 200-PW-4

Operable Units Alternative Development

Bascd on screening presented in Scction 4.2, Table 4-1 shows remedial technologics and process
options rctained for development of remedial alternatives specific 1o 200-PW-2 and

200-PW-4 OUs.

Table 4-1. Technology Types and Process Options for Soil. (2 Pages)

Retained in

Retained in -
General Response Implementation Feasibility Study
. ) Technology Type Process Option for 200-PW-2 and
Action Plan 200-W-4 Operable
(DOE/RL-98-28) Uni P
nits
No action None Not applicable Yes Yes
Land-use Deed restrictions Yes Yes
restrictions
Signs/fences Yes Yes
Access controls
Institutional Entry control Yes Yes
controls Groundwater Yes Yes
Monitoring Vadose zone Yes Yes
Air Yes Yes
Surface barricrs Exisling soil cover No Yes
Hanford Barrier Yes Yes
Modified RCRA and
) Yes Yes
) Engincered surface | other ET caps
?ontm'nmcm. barriers Standard RCRA caps No No
including ET
barriers Asphalt, concrete, or No No
cement-type cap
Sl all Y Y
Vertical barriers LA S es e
Grout curtains Yes Yes
) Conventional Yes Yes
Removal Excavation - —
High contamination No Yes
Onsite landfill Yes Yes
Disposal Landfill disposal Offsite landfily
. Yes Yes
repository
Ex situ treatment Thermal desorption Yes No
Thermal treatment —
Vitrification Yes No
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Table 4-1. Technology Types and Process Options for Seil. (2 Pages)

Retained in

Retained in

G IR Implementation Feasibility Study
cneral nesponse Technology Type Process Option P ! for 200-PW-2 and
Action Plan 200-\WW~4 Operable
(DOE/RL-98-28) Uity
nits
Vapor extraction Yes No
Soil washing Yes No
Physical/chemical | Mechanical scparation | Yes No
treatment Solidification/
o Yes No
stabilization
Soil mixing Yes No
Thermal treatment | Vitrification Yes No
Vapor extraction Yes No
Grout injection
{pipclines and tanks) Yes Yes
o situ treatment Chemical/physical Deep-soil mixing Yes No
o situ treatmen freatment Dynamic compaction
{component of surface | Yes Yes
barriers)
. N/A (not
Phytoremediation included in Plan) No
Natural attenuation | Natural attenuation Yes Yes

DOE/RL-Y8-28, 200 Areas Remedial Investigation/Feasibility Study Implementation Plan — Environmental Resioration

Program.

Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq.

ET = cvapotranspiration.

N/A
RCRA

not applicable.
Resource Conservation and Recovery Act of 1976.
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5.0 DEVELOPMENT OF ALTERNATIVES

The EPA guidance for conducting an FS under CERCLA recommends that a limited number of
technologies be carried forward from the technology identification and screening activity; these
technologies then are grouped into remedial altematives to address the site-specific conditions.
In Chapter 4.0, technologies are identified and screened based on site-specific characteristics and
contaminants of concern. In this chapter, these technologies are grouped in remedial alternatives
to address site contamination problems. Several remedial altemnatives are developed and
described in this chapter for the waste sites in the 200-PW-2 and 200-PW-4 QUs. The
applicability of these alternatives to the individual waste sites also is considered.

5.1 DEVELOPMENT OF ALTERNATIVES

Significant activities and evaluations have contributed to defining applicable technologics and
process options addressing the 200-PW-2 and 200-PW-4 QUs representative and analogous
waste sites. The Implementation Plan (DOE/RL-98-28), Appendix D, provides initial
information on identification and screening of remedial technologies for 200 Areas waste sites.
The Implementation Plan, in conjunction with Chapter 4.0 of this FS, forms the basts for the
development of remedial altematives. The Implementation Plan also preliminarily develops
remedial alternatives based on the results of the technology screcning for the waste sites.
Remedial alternatives identified in the Implementation Plan for the 200-PW-2 and

200-PW-4 OUs include the following:

+ No action

+ Monitored natural attenuation/institutional controls

« Removal and disposal with or without ex situ treatment
o Engincered multimedia surface barriers.

Table 5-1 illustrates the process of identifying technology types, combining process options, and
presenting the elements of alternatives considered as remedy options for this FS. Evaluation of
the no-action alternative is a requirement under CERCLA. The monitored natural
attenuation/institutional controls alternative is retained and further developed in this FS for sites
where other remedial actions are expected or where contamination is expected to meet RAOs
within a reasonable institutional controls period. The removal, treatment, and disposal
alternative and the surface barriers alternative also arc retained and further developed in this FS,
The in situ vitrification alternative and in situ grouting or stabilization alternatives, as standalone
alternatives, are screened out of this FS because of implementation problems associated with the
size and depth of the waste sites and unproven effectiveness on large-scale sites having
radiological and chemical hazards. In situ grouting or stabilization technologies, however, are
retained for inclusion as elements of other remedial actions. This FS develops one additional
alternative not identified in the Implementation Plan, but considered by recent Hanford Site FSs.
This alternative is a combination alternative including partial removal, treatment, and disposal
with a subsequent engineered surface barrier. The following sections further develop and
describe the alternatives.
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One important factor in the development of site-spccific remedial alternatives is that
radionuclides, heavy metals, and some inorganic compounds cannot be destroyed. As such,
these compounds must be physically immobilized, contained, or chemically converted to a less
mobile or less toxic form to meet the RAOs.

5.2 DESCRIPTION OF ALTERNATIVES

This scction provides a description of the selected alternatives considered for evaluation in
this FS:

¢ Alternative 1 —No Action

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

» Altemative 3 — Removal, Treatment, and Disposal
» Alternative 4 — Enginecred Surface Barrier

» Alternative 5 — Partial Removal, Treatment, and Disposal with Engineercd Surface
Barrier.

5.2.1 Alternative 1 — No Action

A no-action alternative is required to be evaluated as a baseline for comparison with other
remedial alternatives (40 CFR 300). The no-action alternative represents a situation where no
legal restrictions, access controls, or active remedial measures are applied to the site. No action
implics “walking away from the waste site” and allowing the wastes to remain in their current
configuration, affccted only by natural processes. No maintenance or other activitics are
instituted or continued. Selecting the no-action alternative requires that a waste site posc no
unacceptable threat to human health or the environment.

Based on the waste site evaluations and the results of the risk assessment, only one of the
represcntative sites in this FS, the 207-A South Retention Basin, might meet the RAOs using the
no-action alternative. The no-action alternative is carried forward in this FS for comparison
purposes and to address analogous waste sites expected to meet the RAOs and preliminary
remediation goals (PRG) without any action.

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

This alternative takes advantage of existing soil covers and the nature of the contaminants (such
as the natural attcnuation of Cs-137 and Sr-90, which have rclatively short half-lives), in
combination with institutional controls, to provide protection of human health and the
cnvironment. Monitoring also is an element of this alternative. For most of the waste sites in
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these OUs, an existing soil cover is present that is associated with the actual construction of the
waste site (i.e., the waste site was constructed at depth and clean backfill placed in the
excavation to the surface) and with surveillance and maintenance activities, where additional soil
was added to stabilize the waste sites. Under this alternative, these existing soil covers are
maintained and/or augmented as needed to provide protection from intrusion by human and/or
biological receptors. Institutional controls, including legal and physical barriers, also arc used to
prevent human access to the site. The existing soil covers break the pathway between human
and ecological receptors and the contaminants. Washington Administrative Code

(WAC) 173-340-745(7), “'Soil Cleanup Standards for Industrial Properties, Point of
Compliance,” identifies the points of compliance for different pathways as follows.

e “For soil clcanup levels based on protection of groundwater, the point of compliance
shall be established in the soils throughout the site.”

« *“For soil clcanup levels based on human exposure via direct contact or other exposure
pathways where direct contact with the soil is required to complete the pathway, the point
of compliance shall be established in the soils throughout the site from the ground surface
to fifteen fect below the ground surface.”

WAC 173-340-7490, “Terrestrial Ecological Evaluation Procedures,” specifics a standard point
of compliance at 4.6 m (15 fi) bgs for ecological receptors; institutional controls are not required
under this option. WAC 173-340-7490 also specifies a conditional point of compliance at the
biologically active soil zone, with a requirement for institutional controls. The regulation
assumcs a 1.8 m (6 f1) bgs biologically active zone, but a site-specific zone could be established.

Based on literature searches regarding the root and burrowing depths of vegetation and animals
present on the Hanford Site, a sufficient soil thickness to prevent biological intrusion generally
would be 2.4 to 3.0 m (8 to 10 f1) bgs. The 200-PW-2 and 200-PW-4 OUs evaporative wastc
sites are disposal sites that have a soil cover (i.e., surface stabilization, backfill) over the
contaminated zone of generally at least 11 ft (216-A-37-1 Crib) and typically much decper (15 to
45 ft bgs). Soil covers at the analogous sites could be different from the soil covers at associated
rcpresentative sites.

Institutional controls involve the use of physical barriers (fences) and access restrictions (deed
restrictions) to reduce or eliminate exposure to contaminants of concem. Institutional controls
also can include groundwater, vadose zone, surface soil, biotic, and/or air monitoring.
Institutional controls for this alternative include periodic surveillance of the waste sites for
evidence of contamination and biologic intrusion; emplacement of vegetation, herbicide
application, manual removal, or other activities to control decp-rooted plants; control of
deep-burrowing animals; maintenance of signs and/or fencing; maintenance of the existing soil
cover (including an assumed periodic addition of soil); administrative controls; land-use
restrictions, and site reviews.

Contaminants remaining beneath the clean soil cover are allowed to naturally attenuate until
remediation goals are met. Natural attenuation relies on natural processes to lower contaminant
concentrations unti! cleanup levels arc met. Monitored natural attenuation includes sampling
and/or environmental monitoring, consistent with EPA guidance (EPA/540/R-99/009, Use of
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Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and Underground
Storage Tank Sites November 1997, Draft Interim Final, OSWER Directive No. 9200.4-17P), to
verify that contaminants are attenuating as expected. Attenuation monitoring activities could
include monitoring of the vadose zone using geophysical logging methods or groundwater
monitoring to verify that natural attenuation processes are effective.

The existing network of groundwater monitoring wells in the Central Platcau is adequate for
monitoring most sites, in coordination with the groundwater OUs (200-BP-5, 200-PO-1,
200-UP-1, and 200-ZP-1). Where the existing network is unsatisfactory, additional monitoring
wells are planned. If remediation activities result in the decommissioning of groundwater
monitoring wells in the area of remediation, an evaluation of futurec monitoring needs is
conducted.

5.2.3 Alternative 3 - Removal, Treatment, and
Disposal

Under this alternative, contaminated soil is removed, treated if required 1o mect waste acceptance
criteria, and disposecd of to an appropriate facility. Based on characterization data, no treatment
will be required. However, some soil blending might be required to meet health and safety
standards. A generalized cross-section for this alternative is shown in Figure 5-1. The disposal
facility chosen depends on the type of waste to be disposed. The majority of the waste generated
under this alternative is disposed of at an approved location or facility for non-TRU waste. For
waste sites with transuranic constituents above levels of concern (i.c., 100 nCi/g), disposal to a
geologic repository is required. As reported in the RI Report (DOE/RL-2004-25), americium
and plutonium levels in the 216-A-36B Crib, when summed, potentially could exceed 100 nCi/g.

For waste sites requiring deep excavations of more than approximately 30 m (100 ft) to reach the
required remediation depth, special excavation techniques are necessary. These excavation sites
will require terraced side slopes and access roads to the bottom of the excavation, and will have
the potential for increased work crews and larger, and more numerous, equipment for removal of
contaminated soil, and removal and replacement of overburden and clean soil. In addition, these
sites likely will require the building of large stockpiles of overburden and clean soil located ncar
the excavation site and potentially could impact neighboring facilities.

5.2.3.1 Sites Without Concentrations of Transuranic Constituents at Levels of Concern

Soil and associated structures (such as cribs) with contaminant concentrations above the PRGs
are removed using conventional excavation techniques where appropriate, or specialized
excavation techniques where required due to excavation depths. Excavated materials would be
disposed of at an approved disposal facility. Precautions are used to minimize the generation of
onsite fugitive dust. Depending on the configuration and depth of the area excavated, terraced
side slopes and access roads might be required to comply with safety requirements and to reduce
the quantity of excavated soil. The depth, and therefore the volume, of soil removed largely
depend on the categories of PRGs (e.g., direct contact groundwater protection) exceeded. For
example, if human health direct contact or ecological PRGs are excecded, removals generally are
conducted to a maximum of 4.6 m (15 ft) in line with the points of compliance identified in
WAC 173-340-745 and WAC 173-340-7490. If groundwater protection is required, soils are
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removed to meet groundwater protection PRGs. Table 5-2 shows the excavation depths required
for this alternative at each representative site. Risk assessment to support the data in Table 5-2 is
containcd in Chapter 2.0. Subgrade structures extending below 4.6 m (15 ft) are removed, if
practicable, or stabilized in place. Figure 5-1 illustrates how excavation generally proceeds
under this alternative. Implementability, short-term risk to workers, and cost are evaluated to
determine decisions between removal and other remedial actions, such as engincered surface

barriers.

The remediation of soil and associated structures for this alternative is guided by the
observational approach. The observational approach is a method of planning, designing, and
implementing a remedial action rely on information (e.g., samples, field screening) collected
during remediation to guide the direction and scope of the activity, Data are collected to assess
the extent of contamination and to make “real-time” decisions in the field. Targeted (or hot spot)
removals could be considered under this alternative if contamination were localized in only a
portion of a waste site.

Based on existing information, soil and/or debris removed from the waste sites should not
require treatment to meet the waste disposal facility waste acceptance criteria. However,
additional activities are required to meet health and safety requirements during excavation,
handling, transportation, and disposal. Highly contaminated soil is blended with less
contaminated soil to achieve as low as reasonably achievable goals and to reduce worker risks at
all points in the removal and disposal process. Contaminated soil and structures are
containerized (e.g., containers, bulk shipment) on site and transported to the waste disposal

facility.

After the PRGs are met, uncontaminated soil is used to backfill the excavation. The backfill
material could be found at a variety of sources, including local borrow pits and any remaining
excavated material determined to be clean (verified as clean by meeting the PRGs). Following
remediation, the site will be recontoured, resurfaced, and/or revegetated to establish natural site
conditions or conditions consistent with industrial use of the location. Maintenance of the site is
required until the vegetation is sufficiently established to prevent intrusion by noxious,
non-native plants such as cheatgrass or Russian thistle.

5.2.3.2 Sites Potentially Contaminated with Transuranic Constituents at Levels of Concern

As described in the previous section, soil and associated structures (such as cribs) with
contaminant concentrations above the PRGs are removed. However, the 216-A-36B Crib soil
potentially contain americium and plutonium at levels that when summed could exceed TRU
waste designation levels causing removed soil to be designated as TRU waste. This
contamination is confined to a relatively thin layer at the bottom of the crib, between a depth of
approximately 7.6 and 8.5 m (25 and 28 ft) bgs.

Under this alternative, contaminated soil is retrieved, verified as non-TRU waste or TRU waste
by sampling and analysis, treated if necessary, temporarily stored, and disposed of at the WIPP,
if TRU, or at another waste disposal facility, if low-level waste. Excavation of soil and waste
containing transuranic constituents at levels of concemn is performed at many DOE sites,
including the Hanford Site, Idaho Nationa! Engineering and Environmental Laboratory, Rocky
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Flats, and Savannah River. For soil sites, standard or modified excavation equipment is used to
retrieve the soil and waste until PRGs are met. Equipment for removal of soil with transuranic
constituents above 100 nCi/g is proven and available. Any clean overburden soil removed is
stockpiled in an adjacent onsite area. Excavation of TRU waste is performed inside a portable
greenhouse structure. Depending on the configuration of the arca to be excavated, terraced side
slopes and access roads might be required to comply with safety requirements. Characterization
is required to confirm that TRU levels exist at the waste site and to minimize the amount of soil
and waste classified as TRU. TRU and non-TRU soils and waste are segregated during retrieval
and further tested to minimize the amount disposed at the WIPP. Packaging of the soil and waste
for disposal at the WIPP most likely occurs at the site during excavation, but also could be
performed in a separate storage facility. Details are determined during design, once more precise
information on the location, volume, and concentration of TRU contamination is determined.

Following retrieval of the waste, the site is backfilled with clean soil and recontoured,
resurfaced, and/or revegetated to establish natural site conditions or conditions consistent with
industrial use of the location. Maintenance of the site is required until the vegetation is
sufficiently established to prevent intrusion by noxious, non-native plants, such as cheatgrass or
Russian thistle.

5.2.4 Alternative 4 = Engineered Surface Barrier

The engineered surface barrier alternative consists of constructing surface barriers over
contaminated waste sites to control the amount of water infiltrating into contaminated media, to
reduce or eliminate leaching of contamination to groundwater. These barriers might include
vertical slurry or grout walls to limit horizontal movement of moisture into the waste site or to
limit horizontal migration of contaminants. In addition 1o hydrological performance, barriers
also can function as physical barriers to prevent intrusion by human and ecological receptors,
limit wind and water erosion, and attenuate radiation. Additional elements to the barrier
alternative include institutional controls, discussed earlier, and monitored natural attenuation,
where contamination undergoes radioactive decay.

Where groundwater protection is of concem, the preferred barrier technology for the Hanford
Site is an ET barrier, as shown in Figure 5-2. The ET surface barriers rely on the water-holding
capacity of a soil, evaporation from the near-surface, and plant transpiration to control water
movement through the barrier. Non-TRU-containing waste sites could have a variety of ET
barriers; the most appropriate barrier is determined during design. The Modified RCRA

Subtitle C Barrier design (Figure 5-3) is used as the basis for evaluating this alternative; this does
not preclude the use of other ET designs (e.g., monolithic barrier). Monolithic and capillary
barriers are shown to be equivalent to, or exceed the performance of, the standard RCRA
Subtitle C Barrier design, and both are approved or planned for use in several western states
(EPA 2003, Remediation Technology Descriptions, “Alternative Landfill Cover Project
Profiles”; and DOE/RL-93-33. The TRU-containing waste sites might require barrier
performance similar to the Hanford Barrier (Figure 5-4). These barriers are described in detail in
Chapter 4.0.
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If an engincered surface barrier is identified as the preferred alternative, finalization of
site-specific designs occurs as part of the remedial design process and considers the RAOs and
requirements defined in the record of decision, regulatory design and performance standards,
material availability, cost effectiveness, current surface barrier technology information, and
site-specific hydrologic and physical performance requirements to ensure waste containment.
Different waste sites likely have varying barrier performance requirements, and more than one
barrier design (e.g., monolithic and capillary barrier) might be deployed to address waste site
barrier needs.

When groundwater protection is required, the barrier is designed to limit the infiltration of
precipitation. When the prevention of ecological and human intrusion is a performance
requirement, the physical obstruction components to the barrier become more important. When
prevention of wind crosion to allow for natural attenuation of short-lived contaminants (e.g., at
sites with only speck contamination) is required, the barrier design (e.g., Figure 5-5) is simplified
to address these minimal requirements. The barrier alternative includes provisions for
groundwater monitoring for those waste sites with contamination predicted to threaten
groundwater maximum concentration levels.

Performance monitoring of the Hanford Barier, installed at the 216-B-57 Crib in 1994, shows
essentially no water infiltration through the barrier (CP-14873). The effectiveness of the barrier
is related to the design, which must be specific to the conditions at the waste sitc, and to
continued monitoring activitics. Some recent preliminary fate and transport modeling for the
BC Cribs and Trenches area shows that reducing the infiltration rate to 0.1 mm/yr by use of a
barrier would cause a five-fold reduction in the resulting groundwater concentration versus that
for sites without barricrs.

Use of a barrier alternative requires an assessment of the lateral extent of contamination during
the confirmatory and/or remedial design sampling phases to properly size and design the barrier
to ensure containment. The site-specific extent of contamination can be assessed using a variety
of approaches including, but not limited to, process knowledge, previous site investigations,
geophysical logging, and/or soil sampling. Some degree of oversizing the barrier beyond the
footprint of the waste zone (referred to as overlap) is expected and depends on the barrier design
used and the depth of contamination. For the purposes of this FS, an overlap of 6.1 m (20 f) is
assumed based on the performance of the Hanford Barrier. The type and availability of barrier
construction materials also arc design considerations. The results of the most recent
investigation (BHI-01551, Alternative Fine-Grained Soil Borrow Source Study Final Report) arc
considered during remedial design for selection of the barrier construction materials.

Engincered surface barriers require surveillance and maintenance throughout their life to ensure
continued protection. To ensure the barrier is performing as designed, performance monitoring
is conducted. Performance monitoring for this alternative is twofold. The first component is
groundwater monitoring. The second component is vadose zone monitoring, if practical. The
effectiveness of institutiona! controls to maintain the barrier becomes uncertain past 150 years.
For the majority of the sites in this FS, a design life of 500 years is considered sufficient, because
the contaminants decay to protective levels at the surface within 500 ycars. For barriers using
naturally stable geologic materials, the key factor cstablishing life expectancy is projected
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wind-erosion rates, which arc minimized by maintaining the vegetation cover, adding gravel to
the upper portion of the surfacc layer, or by using other armoring methods.

5.2.5 Alternative 5— Partial Removal, Treatment, and
Disposal with Engineered Surface Barrier

Figure 5-4 depicts a gencralized remedial action that combines excavation of near-surface
contamination with capping. This alternative would remove high-activity, near-surface
contaminants from affected waste sites that may require significant soil mixing to achieve the
waste disposal facility’s waste acceptance criteria. If the near-surface contamination is present
as localized “hot spots™ rather than being uniformly distributed along the trench footprint, the
mixing would be employed only as necessary. Excavation would be to the maximum depths
listed in Table 5-3, which are approximately 1 m (3 ft) below the depth corresponding to the
maximum activity. Following excavation, the waste sitc would be backfilled with suitable
material and capped as discussed above, except that the cap would not require intrusion-deterrent
features. These activities would remove a majority of the near-surface contaminant load. The
removal, treatment, disposal, and capping activities would be the same as or similar to those
described in Chapter 4.0 and in the preceding subscctions except that removal activities would be
focused at reducing the mass of contaminants associated with the bottom of the waste site, which
would, in turn, reduce the potential intruder risk. The disposal options would be the same. The
requircd cap would be less rigorous than if these contaminants were lcft in place, because the
inadvertent intruder risk is significantly reduced. For example, a stmple monofill or capillary
soil barrier, without any intrusion deterrent features, may be appropriate. The actual design of
the barrier would be determined through the detailed design activities. Table 5-3 lists the
contamination zonc for each representative site. If contaminants are notin the 0 to 4.6 m (0 to
15-ft) zone, then the resulting risk reduction to humans and ecological receptors from direct
contact to shallow-zone contamination would be zero. The point of compliance for direct
exposure is the 0 to 4.6 m (0 to 15-ft) zone, so contaminants dceper than this only would reduce
the risk to intruders. Contaminants that impact the groundwater are located much deeper in the
vadose zone than 6.1 m (20 ft). Therefore, the removal of contaminants from the 0to 6.1 m (O to
20-f1) zone would not significantly change the risk to groundwater. The capping activity
provided in this alternative would address protection of groundwater from the remaining
contaminants in the vadose zone. Similar to Altemative 4, institutional controls would be an
additional requirement for this alternative, because contamination above PRGs is left on site.

Under Alternative 5, contaminants generally are removed to depths of 4.5 m (15 1) or slightly
decper. The exceptions to this could be sites with potential TRU contaminants that can be
readily removed (e.g., removal depth is 9 m [30 f] for the 216-A-36B waste site) or at sites
where contaminant removal significantly mitigates overall site risk. These are depths considered
protective of human health from direct contact and intruder scenarios and protective to
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