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EXECUTIVE SUMMARY

This work plan supports the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA) remedial investigation/feasibility study (RI/ES) activities for
the 200-PW-2 Uranium-Rich Process Waste Group Operable Unit (OU). This work plan also
integfates the Resource Conservation and Recovery Act of 1976 (RCRA) facility investigation/
corrective measures study (RFI/CMS) requirements for the OU. The process outlined in the
work plan follows the CERCLA format with modifications to concurrently satisfy RCRA
requirements. The 200-PW-2 OU is located near the center of the Hanford Site in south-central
Washington State and consists of 24 RCRA past-practice (RPP) waste sites; 3 RCRA treatment,
storage, and disposal (TSD) units; and 5 associated unplanned release sites as defined in the

200 Areas Remedial Investigation/Feasibility Study Implementation Plan — Environmental
Restoration Program (Implementation Plan) (DOE-RL 1999a). The remedial investigation (RI)
focuses characterization on four of the sites that are considered to be representative of the OU.

_ Three of the four representative sites (i.e., the 216-A-19 Trench, 216-B-12 Crib, and

216-U-8 Crib) are RPP sites, whereas the fourth site (i.e., the 216-U-12 Crib) is also a RCRA
TSD unit. In addition, two RCRA TSD units (the 216-A-10 Crib and 216-A-36B Crib) will be
characteri;ed to support RCRA closure activities for this OU. As a result of recent discussions
with the regulators regarding streamlining the 200 Area assessment process the assessment of
two additional RCRA TSD units (the 216-A-37-1 Crib and the 207-A South Retention Basin) has
been integrated into the RI/FS process as part of the 200-PW-2 OU. By adding the assessment of
tl etwc .__ units the 200-PW-4 General Process Waste Group OU to the scope of the
200-PW-2 OU, it will be possible to accelerate the investigation of all prc ;s waste-type related
RCRA TSD units.

This work plan documents OU-specific background information, defines OU-specific
characterization and assessment activities and schedules based on the framework established in
the Implementﬁtion Plan, and identifies the steps required to complete the RI/FS and closure plan
processes for the OU. A data quality objectives (DQO) process was conducted for the RI to
define the chemical and radiological constituents to be characterized and to specify the number,

type, and location of samples to be collected at the representative sites and TSD units within .
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the OU. The results of the DQO process form the basis for RI characterization activities
presented in the work plan and the associated sampling and analysis plan (SAP) included in
Appendix B. The SAP includes an OU-specific quality assurance project plan and a field

sampling plan for implementing the characterization activities in the field.

The 200-PW-2 waste sites received uranium-rich process condenséte/process waste, primarily
from waste streams generated at the 221/224-U Plant Uranium Recovery Project, the Reduction-
Oxidation process facility, and the 224-U/UO; Program for the Plutonium/Uranium Extraction
(PUREX) Plant, as well as at the 22]-B (B Plant) and Semi-Works facilities in the 200 East and
200 West Areas. Most of the process waste sites (cribs and trenches) received uranium-rich
solutions from both the cold runs that used nonirradiated uranium an  tartup phases that used
irradiated uranium, prior to the operation of the three main plants. The process condensates were
vapors collected from thermally hot process steps that were condensed and subsequently |

discharged to the ground.

A preliminary conceptual contaminant distribution model was developed for the 200-PW-2 OU
in the Waste Site Grouping for 200 Areas Soil Investigations report (DOE-RL 1997). Based on
this preliminary model and a range of existing, site-specific environm tal data, conceptual
contaminant distribution models were developed for each representative site during the DQO

process.

The following statements are general conclusions regarding the conct  ual contaminant

distribution model for these waste groups.

e Effluent discharged to waste sites in the 200-PW-2 OU consisted of uranium-rich process
condensate that contained high levels of fission products. Major radiological contaminants
of potential concern include cesium, plutonium, strontium, technetium, and uranium.
Nonradiological contaminants of potential concern include metals and some organic and

inorganic chemical constituents.
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e Waste sites in this waste group, with the exception of unplanned releases, generally received
large quantities of effluent in comparison to vadose zone soil pore volume (volume of pore
space in a column of soil directly underneath the waste to the grour vater table). Of the
27 RPP waste sites and TSD units, effluent volumes exceeded soil pore volumes beneath
13 of the sites (i.e., a sufficient quantity of effluent was received to reach groundwater),

including all 4 of the representative sites and 1 of the additional TSD units.

o Effluent and mobile contaminant migration is predominantly vertical beneath the waste sites
after release. Lateral spreading of liquids and contaminants may have occurred in association
with fine-grained lithofacies such as the sandy sequence of the Hanford formation, the
Hanford formation/Plio-Pleistocene unit (?), the Plio-Pleistocene unit/early Palouse soil, and

the Ringold Formation Lower Mud Unit.

e Contaminants with large distribution coefficients, such as cesium and plutonium, normally
adsorb strongly onto Hanford Site sediments, rendering them relatively immobile. As a
general rule then, these contaminants are usually detected in high concentrations near the
area of release. Concentrations generally decrease with dep and distance from the source
in the vadose zone; however, elevated concentrations may be detected where finer grained

sediments are present, increasing the residence time of migrating ntaminants.

e Uranium mobility is affected by the specific form of the uranium compound. The
distribution of uranium through the vadose to groundwater typically shows significant local
accumulations near the base of the structure (crib or trench), at the caliche interface, and
along fine-grained lenses. The local accumulations are due in part to sorption, porosity
changes, and the presence of elements or mineral compounds that act as reductants for most

uranium species.

Potential receptors (human and ecological) may be exposed to the affected media through several
exposure pathways, including inhalation, ingestion, and direct exposure to external gamma
radiation. Potential human receptors include current and future site workers. Potential

ecological receptors include terrestrial plants and animals. Future impacts to humans are largely
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dependent on land-use designation. Future land use for the foreseeable future (approximately

50 years) is industrial based on the Final Hanford Comprehensive Land-Use Plan Environmental
Impact Statement (DOE 1999) and the associated Record of Decision: Hanford Comprehensive
Land-Use Plan Environmental Impact Statement (64 FR 61615). All of the sites within the

200-PW-2 OU are located within the area designated for industrial land use.

Characterization activities to collect the required data identified during 2 DQO process for the
RI will include borehole drilling and soil sampling, and geophysical logging using spectral
gamma and neutron moisture tools. A laboratory (either on- or offsite) will complete soil sample
analysis under a contract-required quality program. The sampling strategy is designed to
investigate potentially contaminated subsurrace areas. Sample collection will be guided by field

screening and a sampling scheme that identifies critical sampling depths.

The SAP (Appendix B) directs sampling and analysis activities that will be performed to
characterize the vadose zone at the four representative waste sites and two additional TSD units.
" The data will be used to refine the contaminant distribution models, support an assessment of
risk, and evaluate a range of alternatives for remediation of waste sites in this OU. The scope of
RI activities described in the work plan and SAP involves soil sampling and geophysical logging
of boreholes to obtain additional information on the distribution of contamination in the vadose
zone. Boreholes will be drilled to groundwater at the 216-A-19 Trench, the 216  -12 Crib, the
216-A-10 Crib, and the 216-A-36B Crib. Boreholes will be drilled through the waste sites; soil
samples will be collected and analyzed for radiological and nonradiological contaminants of
concern and selected physical properties. ring the cess, an evaluation of existis

data showed that no additional soil samples are required at the 216-U-8 Crib and the

216-U-12 Crib. However, existing boreholes in the vicinity of these two sites will be
geophysically logged for comparison to historic records as a cost-efficient method of assessing
potential changes in contaminant distribution. Table ES-1 summarizes the sample collection

requirements for the representative waste sites and TSD units to be in  itigated.
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METRIC CONVERSION CHA T

Into Metric Units

If You Know
Length

inches
inches
feet
yards

miles

Area

sq. inches

sq. feet

sq. yards

sq. miles

acres

Mass (weight)
ounces

pounds

ton

Volume
teaspoons
tablespoons
fluid ounces
cups

pints

quarts
gallons
cubic feet

cubic yards

Temperature
Fahrenheit

Radioactivity

picocuries

Multiply By

25.4
2.54
0.305
0.914

1.609

6.452
0.093
0.0836
2.6
0.405

28.35
0.454
0.907

15
30
0.24
0.47
0.95
38
0.028
0.765

subtract 32,
then multiply
by 5/9

37

To Get

millimeters
centimeters
meters
meters

kilometers

sqg. centimeters
$q. meters

sq. meters

sq. kilometers

hectares

grams
kilograms

metric ton

milliliters
milliliters
milliliters
liters

liters

liters

liters

cubic meters

cubic meters

Celsius

millibecquerel

Out of Metric Units

If You Know
Length

millimeters
centimeters
meters
meters

kilometers

Area

sq. centimeters
sq. meters

sq. meters

sq. kilometers

hectares

Mass (weight)
grams

kilograms

metric ton
Volume
milliliters

liters

liters

liters

cubic meters

cubic meters

Temperature

Celsius

Radioactivity

millibecquerel
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Multiply By

0.039
0.394
3.28¢
1.094
0.621

0.155
10.76
1.196
04
247

0.035
2.205
1.102

0.033
2.1
1.057
0.264
35315
1.308

multiply by
9/5, then add
32

0.027

To Get

inches
inches
feet
yards

miles

sq.inches -
sq. feet

sq. yards
sq. miles

acres

ounces
pounds

ton

fluid ounces
pints

quarts
galions
cubic feet

cubic yards

Fahrenheit

picocuries
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1.0 INTRODUC . {ON

The Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology

et al. 1998) identifies approximately 800+ soil waste sites (and associated structures) resulting
from the discharge of liquids and solids from 200 Area processing facilities to the ground. These
800+ sites have been arranged into 23 separate waste groups that contain Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) past-practice
sites; Resource Conservation and Recovery Act of 1976 (RCRA) past-practice (RPP) sites; and
RCRA treatment, storage, and disposal (TSD) units.

This work plan supports CERCLA remedial investigation/feasibility study (RI/ES) activities for
the 200-PW-2 Uranium-Rich Process Waste Group Operable Unit (OU) and the assessment of
the 216-A-37-1 Crib and 207-A South Retention Basin CRA TSD units from the 200-PW-4
General Process Waste Group OU. This work plan integrates both R( A and CERCLA
requirements for the OU. The process outlined in the work plan follows the CERCLA format
with modifications to concurrently satisfy RCRA requirements as described in the 200 Areas
Remedial Investigation/Feasibility Study Implementation Plan - Environmental Restoration
Program (DOE-RL 1999) (hereinafter referred to as the Implementation Plan). The
Implementation Plan is summarized in Section 1.1 of this work plan.

The 200 Areas is one of three areas on the Hanford Site that remain on the U.S. Environmental

" Protection Agency’s (EPA) National Priorities List under CERCLA. The 200-PW-2 OU is

located near the center of the Hanford Site in south-central Washington State. The 200-PW-2
OU consists of 26 waste sites and 8 associated unplanned release (UPR) sites as defined in the
Implementation Plan (DOE-RL 1999). This was subsequently updated using information in the
Waste Information Data System (WIDS), bringing the current total to 34 sites. In the spring of
2000, an effort was initiated to evaluate the waste sites identified "~ the 200-PW-2 OU following
the waste site reclassification process, as described in Tri-Party Agreement Handbook
Management Procedures, Guideline Number TPA-MP-14, “Maintenance of the Waste Information
Data System (WIDS)” (DOE-RL 1998). As aresult of that process, waste site 200-W-23 has

:n rejected as a duplicate of 200-W-22, and site UPR-200-E-40 has been rejected through
consolidation into a larger site, 200-E-103, which will be addre 1 under the 200-UR-1 OU.
Thus, site numbers 200-W-23 and UPR-200-E-40 will no lon considered in the 200-PW-2
planning. The total number of sites remaining in the 200-PW-2 OU, therefore, is 32.

Of the 23 source OUs in the 200 Areas, the 200-PW-2 OU was assigned a higher priority
because waste sites within the OU have relatively high inventor : of a mobile contaminant
(i.e., uranium), and some waste sites are known contributors to uranium contamination in
groundwater. In addition, the OU includes RCRA TSD unit waste sites that have Tri-Party
Agreement-required closure plans in the year 2003.

The 200-PW-2 waste sites received uranium-rich process condensate/process waste, primarily
from waste streams generated at the 221/224-U Plant Uranium Recovery Project (URP), the
Reduction-Oxidation (REDOX) process facility, and the 224-U/UQO; Program for the
Plutonium/Uranium Extraction (PUREX) Plant, as well as at the 221-B (B Plant) and
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2.0 BACKGROUND AND SETTING

This section describes the 200-PW-2 Uranium-Rich Process Waste Group OU. Waste site
information and the hydrogeologic framework associated with this OU is described for the
purpose of providing a fundamental understanding of the physical setting and potential impacts
on the environment. Information is presented beginning with the physical setting, waste site
description and history, and waste generating processes. The section ends with a detailed
discussion of each representative site and RCRA TSD unit. The representative sites and TSD
units will be characterized under this work plan and as guided by the analogous unit
investigation strategy defined in the Implementation Plan (DOE-RL 1999). Summary
information is provided on analogous waste sites that will not be mediately characterized but
addressed by future planning efforts. Information in this section is summarized from numerous
reports. The following represents a few of the more significant documents:

o Waste Site Grouping for 200 Areas Soil Investigations (DOE-RL 1997)

e 200 Areas Remedial Investigation/Feasibility Study Implementation Plan — Environmental
Restoration Program (DOE-RL 1999)

e B Plant Source'Aggregate Area Maﬁagement Study Report (DOE-RL 1993a)

. REDOX Plant Source Aggregate Area Management Study Report (DOE-RL 1992¢)
e U Plant Source Aggregate Area Management Study Report (DOE-RL 1992a)

e Limited Field Investigation for the 200-UP-2 Oper. e Unit (DQE-I“ 1995b)

e Focused Feasibility Study for the 200-UP-2 Operable Unit (DOE-RL 1995a)

e Evaluation of Scintillation Probe Profiles from 200 Area Crib Monitoring Wells
(Fecht et al. 1977)

o PNLATLAS Database.

Certain subsections of this section contain information that will be used for portions of the
FS/closure plan. Section 2, “Facility Description and Location Information,” and Section 3,
“Process Information,” from a closure plan is found in Sectior .1 and 2.2 of this work plan.
Section 4, “Waste Characteristics,” and Section 5, “Groundwater Monitoring,” from a closure
plan correspond to information found in Sections 2.2.3 and 3.4, respectively.

200-PW-2 QU RI/F> work Plan and RCRA TSD Unit Sampling Plan
May 2001 ) 2-1

























) DOE/RL-2000-60
Background and Setting ' Rev. 0

and returned to the Hanford Site’s 300 Area for fuel extrusion rework. The UO; Plant resumed
operations in 1984 to process UNH from PUREX. As the feed lines from REDOX and 221-U

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

UO; Plant ceased in 1988 (DOE-RL 1992a).

The Reduction/Oxidation or REDOX Plant was the first continuous plutonium separation
operation at the Hanford Site. Not only did REDOX separate weapons-grade plutonium from the
irradiated fuel rods, but it recovered the uranium as well. REDOX was a solvent extraction
process that used hexone (methyl isobutyl ketone or MIBK) and aluminum nitrate nonahydrate
(ANN) in nitric acid to complete these separations within anionic resin columns. Plant
operations began in 1952 and continued until 1967 (DOE-RL 1992c).

The PUREX Plant replaced the REDOX separation process. The PUREX process used a
recoverable salting agent (nitric acid) that proved to be economically more feasible, generated
less waste, and operated more safely than the REDOX process. The construction of the PUREX
or A Plant was completed in late 1955. The PUREX Plant operated continuously from
November 1955 until 1972, separating weapons-grade plutonium and depleted uranium products
from irradiated fuel. PUREX was put on standby from 1972 until 1983. PUREX restarted in
1983 and continued operations until 1990 when it was deactivated. Since the PUREX Plant’s
initial operation, it was modified to reprocess several types of fuel. These fuels included a
zirconium alloy (Zircaloy) clad fuel with various enrichments ranging from 0.72% to 2.1% of
. uranium-235 exposed at various durations (300 to ~3,000 megawatt days per ton of uranium).

e different types of fuels yielded various types of products that included fuel-grade plutonium,
slightly enriched uranium and neptunium, uranium metals, uranium and plutonium oxides, and
several thoria targets (DOE-RL 1993c¢).

B Plant was constructed in 1944. From 1945 to 1952, B Plant operations consisted of a batch-
wise, inorganic chemical separation of weapons-grade plutonium from irradiated uranium. This
was known as the bismuth phosphate/lanthanum fluoride process. From 1952 to 1965, B Plant
was used for various waste treatment operations. In 1963, the 221-B Building began recovering
strontium, cerium, and rare earths using an acid-side, oxalate-precipitation process as part of the
st , 1ase of processing for the 221-B Building Waste Fractionalization Project. This
processing at the 221-B Building ended in June .. 56 to :commodate additional construction.
Waste fractionalization processing began again at the 221-B Building in 1968. This process
separated the long-lived radionuclides, strontium-90 and cesium-137, from high-level PUREX
and REDOX wastes, and stored a concentrated solution of strontium-90 and cesium-137 at the
221-B Building. In 1968, B Plant underwent renovations and WESF was added. Waste
fractionalization and encapsulation efforts continued until 1986 (DOE-RL 1993a).

The Semi-Works Aggregate Area was composed of two primary facilities: the 201-C Process
Building and the Critical Mass Laboratory (209-E Building). The 201-C Process Building was
the main processing facility for the Semi-Works Aggregate Area. During its history the

201-C Process Building went through three distinct operation: modes. The 201-C Process
Building was constructed in 1949 as a pilot plant for reprocessing reactor fuel using the REDOX
(S Plant) chemical process and later the PUREX chemical process in 1954. In 1961, it was again
converted to recover strontium from fission product waste. Cerium, technetium, and
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promethium, as well as minor amounts of americium and curium in the final production run,
were also extracted. This facility operated until 1967. The facility remained in safe storage
mode until decommissioning began in 1983 (DOE-RL 1993d).

Liquid waste generated at U, A (PUREX), S (REDOX), WESF/221-B, and C (Semi-Works)
Plants was routed to underground storage tanks (e.g., S, A, B, and U tank farms) through an
underground transfer system. The liquid waste was evaporated (concentrated) and often
neutralized before routing to the tanks. The storage tanks were used to settle the heavier
constituents out of the liquid effluents, forming sludge. The liquid supernatants in the tanks were
ultimately discharged to the soil column via cribs, drains, trenches, and injection/reverse wells.
Process distillate and drainages were also sent to cribs and trenches via this underground network
(WIDS).

Cribs and drains were designed to inject or percolate wastewater into the soil column. French
drains were generally constructed of stee] or concrete pipe. Cribs were shallow excavations that
were either backfilled with permeable material or were voids created by wooden or concrete
structures. Cribs and drains typically received low-level radioactive waste for disposal, and most
were designed to receive liquid until a specific soil retention volume or radionuclide capacity
was met (DOE-RL 1993a).

Trenches were shallow, long, narrow, unlined excavations and were often located adjacent to
- other trenches. Some of the trenches have been backfilled and marked as a single group of
trenches (DOE-RL 1993a).

2.2.2 Process Information

The processes at U, REDOX, PUREX, WESF, and Semi-Works Plants that generated the
primary waste streams into the 200-PW-2 OU waste sites included the following:

e Uranium Recovery Process (URP)-U Plant or waste generated in the 22 -U, 224-UA, and
224-U Buildings: Waste streams included aqueous and organic solvent extraction wastes
fromuraniumreco. ..y c_ ol iginal bismuth-] s * ite/lanthanum fluoride
separation process wastes, _.ocess drain process distillate drainag and miscellanc  1s
off-gas condensates from the 291-U-1 stack, waste treatment condensers, nitric acid and
solvent recoveries. 241 and 244 Vaults (waste treatment/storage), and 224-U storm drainage
waste streams (V. .. 3).

REDOX or waste generated in the 202-S Building: Waste streams were mainly aqueous and
organic solvent extraction wastes from several REDOX operations, including process
drainage, process distillate drainage, and mis laneous off-gas condensates from the silver
reactor, air sparger, ruthenium tetraoxide scrubber, waste treatment condensers, solvent
recovery, and 240 and 24] Vaults (waste treatment/storage) waste streams (DOE-RL 1992c).

e PUREX or waste generated in the 202-A, 203-A, 206-A, 293-A, 294-A, and 295-A
Buildings: Waste streams were mainly aqueous and organic solvent extraction wastes from
several PUREX operations, including process drainage, process distillate drainage, and
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miscellaneous off-gas condensates from the acid absorbers, ammonia scrubber, nitric acid
fractionalization, waste treatment condensers, solvent recoveries, nitric acid storage, and
waste treatment/storage waste streams (DOE-RL 1993c).

e WESF/221-B: The waste fractionalization process included a therm: evaporation
concentrator in cell 23 to concentrate process wastewaters prior to disposal. This system was
used to concentrate low-level radioactive waste after the cesium and strontium was’
fractionalization process was shut down in 1984. Double-shell tank waste was rece :d at
the 221-B Building to be processed through the low-level waste concentrator until ;6. The
221-B Building received no double-shell tank wastes after April 1986, and process..._ of
these wastes was completed by late 1986. Other sources of the low-level waste included
miscellaneous sumps and drains in WESF, which diverted decontamination waste solutions
generated in the WESF process cells. Another contributor was a liquid collection system
located beneath the 40 cells in the 221-B Building that collected cell dr age from
decontamination work and water washdowns in the processing section of the 221-B Building.
The concentrator also processed wastes produced by the cleanout of process vessels at the
221-B Building and WESF through 1986. The process condensate was disposed of in the
216-B-12 Crib beginning in May 1967 when disposal to this crib began again. In November
1973, the process condensate was diverted to the 216-B-62 Crib (DOE-RL 1993a).

e Semi-Works: The 216-C-1 Crib received 23,400,000 L (6,180,000 gal) of liquid waste. Up

~until September 1955, the crib received REDOX and PUREX high-salt waste, process
condensate from the 201-C Process Building, and material described as *“cold-run” waste
from the REDOX and PUREX processes. From September 1955 to June 1957, the crib also
received the high-salt cold-run waste from the 201-C Process Bui ng. A summary of the
radionuclide and chemical waste inventories for the 216-C-1 Crib is presented in Tables 2-2
and 2-3, respectively. WIDS records estimate there is approximately 153 m’® (200 yd®) of
contaminated soil at this site (DOE-RL 1993d).

Figures 2-13, 2-14, and 2-15 show graphical representations of the U, PUREX, and REDOX
Plant processes and the corresponding waste streams that were discharged to the 200-PW-2 QU
W esi

2.2.2.1 Uranium Recov. _ and Scavenging Processes. ..om 1952 to 1958, the URP was
implemented at U Plant to recover the spent uranium from the metal waste and first-cycle waste
streams generated in T and B Plants for reuse in weapons-grade plutonium production.

Figure 2-13 illustrates the URP process flow. The URP was performed in the following three
phases (GE 1951b):

e Removal of bismuth/phosphate waste (metal waste, first-cycle supernatants, and cell 5 and 6
drainage) from underground storage tanks and preparation of the sludge/slurry solution

o Separation of the uranium from plutonium, fission products, and chemicals

e Conversion of the uranium into uranium trioxide powder.
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The metal waste and first-cycle wastes stored in the T and B Tank Farms were sent to U Plant
via a network of underground pipes, tanks, and diversion boxes where they were deposited into
cascading underground storage tanks near U Plant. The uranium-rich bismuth phosphate waste
streams often turned into a sludge/supernatant combination because of the asic pH level of the
waste solution. (pH was usually adjusted and maintained at 10.5 due to the corrosiveness of the
waste stored in the tanks.) The sludge was dissolved into a liquid solution to be pumped from
the tanks into the 221-U Building. An aqueous solution was jetted at a high pressure into the
sludge to dissolve it into a slurry solution. Water and/or sodium carbonate, ammonium
bicarbonate, or sodium bicarbonate solutions were used as alternatives to enhance solubility.
The supernatant was recycled and reused in the dissolution process of the sludge (GE 1951b).

The sludge/supernatant slurry was pumped to an ac mulation tank. The slu¢ : settled and was
transferred to an agitated dissolver tank, while the supernatant was recycled. To prepare the
separation feed, a large quantity of nitric acid was added to the sludge. The nitric acid served
two purposes. First, it dissolved the uranium-rich sludge into an aqueous phase. Second, it acted
as a “salting agent” reducing the solubility of the uranyl nitrate in the aqueous phase and
increasing its solubility during the first separation via extraction column. The pH was adjusted
in the resulting solution that was concentrated by evaporation. This concentrated feed solution
was then sent to the first-cycle extraction column. The off-gases were vented to the 29]-U-1
Stack. Resulting condensate was collected, recondensed, sampled, and routed to the 241 ER and
WR Vaults where the condensate was neutralized before disposal in cribs and trenches near the

- U Plant; these sites are 216-U-1&2, 216-U-8, 216-U-12, and 216 12 Cribs. The 216-U-5 and
216-U-6 Trenches received the same type of waste from earlier “start-up” and “cold runs” in
which nonirradiated uranium was used (GE 1951b).

The uranium-rich feed entered the extraction column at mid-point. A countercurrent flow of
tributyl 1osphate (TBP) dissolved in a hydrocarbon solution (usually kerosene or normal
paraffin hydrocarbon [NPH]) extracted the uranium from the feed solution into the TBP/organic
solution. The fission products, plutonium, and other inorganic chemicals from the bismuth-
phosphate process remained in the aqueous feed solution. A *“scrub solution” composed of nitric
and sulfamic acids along with ferrous ammonium sulfate was also introduced at the top of the
column. The scrut Hlut as used to scrub the fissi  products from the extraction column
and ensure that the pluto rnedinsolutionasa3”™ 1. ..e Jueouswaste ream was
sent to a waste treatment collection tank for further processing. This separation/extraction was a
continuous flow process (GE 1951b).

The TBP/organic solution rich with uranium left the first extraction column and continued to a
second extraction column. At this column, the TBP/organic solution entered the bottom of the
column and was met by a countercurrent flow of a slightly acidified stream of water. The
slightly acidified stream of water stripped the uranium from the organic solution into an aqueous
phase. The organic solution was sent to the solvent recovery operation in the 296-U Building
while the uranium-rich aqueous solution (UNH) was sent to the uranium trioxide process in
U/UQO; Plant (GE 1951b) (see Figure 2-13).

The solvent recovery operation at U Plant used a scrubber column and a sodium sulfate solution
to remove any residual fission products, plutonium, and/or inorganic salts, including nitrates,
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from the organic solvent. The purified organic/TBP solvent was recycled, and the scrubber
waste soluti_ containing impurities was sent to the waste collection tank in the 241 ER and
WR vaults, scavenged, and sent to cribs and trenches in the 200-TW-1 OU. Figure 2-13 shows
an illustration of the URP process flow conducted at U Plant (Curren 372, WHC 1990).

The aqueous UNH from the URP was combined with UNH from the REDOX Plant and sent to
the uranium trioxide plant for the conversion of the uranyl nitrate solution into uranium trioxide
powder. The feed solution passed through two evaporators that evaporated the water/nitric
aqueous component and concentrated the UNH. Off-gases were collected and sent to a
fractionation operation in U Plant where the nitric acid was recovered and reused in the dissolver
tank for feed preparation. Condensed off-gases (mainly water vapor from the nitric acid
fractionation) were also routed to cribs, ditches, and trenches near U Plant for disposal (Curren
1972). The off-gases from the nitric acid fractionation and solvent recovery operations were
vented to the 291-U-1 Stack. Resulting condensate was collected and routed to the 241 ER and
WR Vaults where the condensate was neutralized and condensed again before disposal in cribs
and trenches near U Plant; these sites are the 216-U-1&2, 216-U-8, 216-U-12, and 216-B-12
Cribs. The 216-U-5 and 216-U-6 Trenches received the same type of waste from earlier “start-
up” and “cold runs” in which nonirradiated uranium was used (WIDS).

The concentrated UNH solution was sent to batch calcination vessels. These calciners were
electrically heated and contained agitators or stirring mechanisms. The calciners were heated for

. 5 hours, allowing the UNH solution to reach a temperature of 400  and drive off nitrate,

resulting in UOs. The off-gases were collected and sent to a fractionation operation where a
dilute solution of nitric acid was recovered and reused in the dissolver tank for feed preparation
and/or routed to cribs, ditches, and trenches near U Plant for disposal. The UO; powder was
removed from the vessels, packaged, and shipped off-site to Oak Ridge, Tennessee; converted to
uranium metal; and sent back to the 300 Area at the Hanford Site to be reincorporated into the
uranium fuel rod production (GE 1951b).

The aqueous waste streams generated in this TBP/URP process from each of the extraction _
columns were sent to an aqueous waste collection tank within the 241 ER and WR Vaults. When

t  coll Iv e ched optimal volume (usually 45,425 L [12,000 gal]), it was sampled and
then sent back to the feed accumulation tank (to be proces ~ ain), condensed, and/or rout  to
the neutralization tank depending on sample results. In th ralization tank, the waste was
combined with an equal volume of 50% caustic soda (sodium hydroxide) to obtain a pH of 9.5.
As a measurable quantity of ammonia was generated by neutralization, additional amounts of
50% caustic soda (sodium hydroxide) were added to raise the pH to 11.5. The caustic waste was
condensed again and routed to cascading tanks and the liquid effluent sent to nearby cribs and
trenches that are not part of this particular OU (GE 1951b).

In 1953, tests to further treat URP aqueous and organic wastes a  the metal v te and first-
cycle waste streams generated at T and B Plants during the bismuth/phosphate campaign proved
successful. The “scavenging” process separated the long-lived fission products, including
strontium and cesium, from the waste solutions by precipitation. This process served two
purposes: (1) it reduced the volume of waste containing long-lived fission products previously
stored within the tank farms, and (2) it allowed the remaining waste liquid effluents (no longer
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The REDOX process was designed to recover at least 98% of the uranium and plutonium from
the irradiated fuel. With the exception of the feed preparation and dissolution processes, which
operated in batch operation, the REDOX process was continuous. Figure 2-14 illustrates the
process flow of REDOX. The REDOX process included the following major components
(DOE-RL 1992c):

e Fuel decladding, dissolution, oxidation, and preparation

e Separation cycles of the uranium from plutonium, fission products, and chemicals
e Further purification cycles of the uranium and plutonium

e Solvent recovery, treatment, and recycle.

Individual REDOX process operations including their respective waste collection and treatments
are described in greater detail below.

The first step in the REDOX process involved preparing the irradiated fi " “>r processing.
Irradiated uranium slugs, rich with plutonium, were transferred from the Area to the

200 North Area via shielded rail car for a 45- to 60-day period of interm  te storage in large
tanks containing water. After the necessary period of storage or “cooling,” the slugs were sent
via rail car to the REDOX processing plant. The uranium slugs were coated with an aluminum
alloy jacket or cladding and later a zirconium alloy (containing small amounts of tin and iron)
cladding (Zircaloy) for protection. A boiling sodium hydroxide/ iium nitrate solution was used
. to dissolve the aluminum alloy jackets while a boiling solution of ammonium fluoride/
ammonium nitrate (AFAN) was used to dissolve the Zircaloy cladding from fuels. Additional
amounts of ammonium nitrate were often added to react with the ammonia and hydrogen that
evolved during decladding operations. This operation produced an aqueous coating waste stream
containing sodium, aluminum, and ammonium salts (nitrates). Small amx ts of uranium,
plutonium, and fission products were also found in these waste streams. The waste stream was
sent directly to the 241-S Tank Farm (DOE-RL 1992c).

After decladding, the slugs were rinsed in a dilute nitric acid solution to remove residual
alkalinity. The rinse water, containing small amounts of uranium and plutonium, was also
directed to the 241-S° 1k Fa  Theu ums]  were then dissolved in concentrated nitric
acid, creating a metal solul | containing primarily uranyl nitrate, oxid" "~ plu ium (Il 1V)
as soluble nitrates, and fission| »ducts. The dissolved metal solution was then transferred to a
storage tank to await feed preparation operations (DOE-I 192¢).

The dissolved metal solution in the storage tank was transferred to the “cross-over” oxidizer and
treated simultaneously with potassium permanganate and sodium dichromate to oxidize all of the
plutonium to the VI valence state. (The uranium already existed in this state as UNH.)
Concurrently, ruthenium-106 (fission product) was oxidized by potassium permanganate to form
the volatile ruthenium tetra-oxide (DOE-RL 1992c¢).

Manganese dioxide also precipitated from the reduction of potassium pe anganate. With the
addition of chromic nitrate, the manganese dioxide scavenged zirconium and niobium out of the
feed solution. A filter-aid (an activated clay containing mostly silicon and aluminum oxides)
carried away the adsorbed fission products of zirconium and niobium and was separated from

200-PW-2 QU RI/FS work Plan and RUkA 1ov umt—Sampling Plan
May 2001 2-15







DOE/RL-2000-60
Background and Setting Rev. 0

The 216-S Cribs include 200-PW-2 OU waste sites 216-S-1&2 and 216-S-7. The 216-S-8
Trench received the same type of waste from earlier “start-up” and *“cold runs” in which
nonirradiated uranium was used (GE 1951a).

Additional liquid/solid and slurry wastes generated by the feed prep 1tion process included the
coating removal solution, the acid flush from the dissolvers, the dissolved or slurried centrifuge
cake, and the ruthenium scrubber waste solution. All of these waste streams were considered to
be high-level radioactive wastes and, with the exception of the ruthenium scrubber solution, all
were sent to the 241-S Tank Farm via the 240-S and 241-S Diversion Boxes. The spent
ruthenium scrubber solution (primarily a sodium hydroxide solution) was centrifuged. The
liquid effluent was sent to the neutralizer one or two times a week, where it was used to help
adjust the pH of the metals solution, while the scrubber bottoms (any resulting solids) were
disposed with other wastes in the 241-S Tank Farm. (Ruthenium-106 was removed because it
was the primary contaminant in purified plutonium and uranium streams.) (GE 1951a).

The prepared feed (dissolved and oxidized metal solution) entered the first ttraction cycle
column at the midpoint. To increase the amount of separation, the column was packed and the
aqueous and organic phases flowed counter-currently. The organic phase (acid :d hexone
[MIBK]) was fed to the bottom of the column and the aqueous phase (ANN sc1  solution) was
fed to the column from the top. The ANN, a salting agent, reduced the aqueous solubility of the
uranium and plutonium nitrates by increasing the nitrate concentration in the aqueous phase.
The uranium and plutonium were extracted into the organic phase and routed to the second
extraction column while the fission products remained in the aqueous phase. Less than 0.2% of
the plutonium, and more than 99% of the fission products, remained in the aqueous stream. This
aqueous stream contained the wastes from the extraction cycle, and was sut :ted to further ’
processing before final disposal. Refer to Figure 2-14 for an illustration of the REDOX process
flow (DOE-RL 1992c¢).

Uranium and plutonium (present in the organic phase) were chemically separated in the second
extraction column. A ferrous sulfamate solution containing ANN reduced the plutonium to the
III valence state. The plutonium (III) partitioned into the aquec . phase while the uranium

retr 1 linthe orgar phase. The organic phase was then directed to the third extraction
column. The aqueous phase (containing plutonium) was scrub 1 with tional acidified
MIBK to remove residual uranium. The aqueous plutonium solution was then directed to the
second and third plutonium cycles, as necessary for further pur  ition (DOE-RL 1992c).

In the third extraction column, the remaining organic phase (containing the uranium) was
contacted with a new aqueous phase (ferrous sulfamate not containing ANN). The uranium
partitioned from an organic phase to an aqueous phase of low salt content. The aqueous product
stream was stripped to remove any dissolved hexone (MIBK) and adjusted to be acid deficient.
The aqueous uranium solution was directed to the second and third uranium cycles, as necessary
for further purification (DOE-RL 1992c).

The primary waste streams generated by the first extraction cycle (extraction columns 1-3) were
an aqueous stream containing fission products from the dissolved uranium fuel element stream
and spent solvent. The aqueous stream containing fission products exited out the bottom of the

—
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received further treatment prior to disposal; therefore, no waste management units received
wastes directly from this process (GE 1951a, DOE-RL 1992c).

Spent hexone solvent (MIBK) from the extraction cycles was directed to a solvent treatment
system that included a scrubber where a sodium carbonate solution was used to remove the bulk
of the fission products, residual plutonium, and uranium present in the solvent. The MIBK was
then fed to a column where, by distillation and contact with caustic (sodium hydroxide), further
removal of plutonium, uranium, and fission products was achieved. Organic impurities such as
methyl isopropy! diketone or organic acids (from decomposition of MIBK) were also removed.
Additional chemical treatments including washings wi demineralized water, nitric acid, and
dichromate solutions (similar to those conducted during solvent pre-treatments) were performed
to oxidize and remove various solvent impurities such as methyl isobutyl carbinol. Make-up
MIBK and acid were added to the purified recycle stream for further use in the extractions

(GE 1951a, DOE-RL 1992c).

Waste streams generat: ~ by the solver treatment process included  aqueous stream containing
plutonium, uranium, and fission product impurities from the spent] 3K and an aqueous stream
with trace impurities from the distillation of the cleaned MIBK. The first of these streams had
higher concentrations of radioactive elements than the second stream and was directed to the
waste concentrator within the waste treatment system for further treatment in.  1ding evaporation
and pH neutralization prior to disposal. The second stream was very dilute and was disposed in
the 276-S Cribs, which are not a part of the 200-PW-2 OU. The waste organic effluent and
waste organic solids were routed to collection tanks and disposed of by incineration or burial
(GE 1951a, DOE-RL 1992c).

Generally, the waste treatment system was intended to treat and segregate  ueous wastes
according to their radioactivities and to recover MIBK. Liquid wastes that contained appreciable
quantities of radioactive materials (such as aqueous fission product wastes from the extraction,
zirconium and niobium scavenging, alun um jacket removal, and solvent recovery cycles) were
concentrated to the highest practicable aluminum nitrate content in a waste concentrator.
Additional waste streams from the ruthenium scrubber and 222-S Laboratory were blended with
the remaining liquid/solids (bottoms) from the waste concentrator and neutralized with caustic to
convert the aluminum nitra  to sodium aluminate. (This conversion served to minimize
corrosion problems during storage of the waste within the 241-S Tank Farm.) Wastes were
routed to the tanks via the 240-S and 241-S diversion boxes. The underground storage tanks
operated as a cascade system with successive overflow tanks containing less contaminated
wastes than upstream tanks (GE 1951a).

Condensate or condensed off-gases from the waste concentrator and condensate from the
uranium and plutonjum concentrators contained very low levels of radioactive wastes. These
streams were combined and routed through a condensate strip - to remove residual MIBK
(which was returned to the solvent recovery process). The aqueous product stream was
evaporated to the extent possible, sampled, and if proved to be within cribbable limits, disposed
as low-radioactive waste in the 216-S Cribs including 200-PW-2 QU waste sites 216-S-1&2 and
216-S-7. Residuals from the condensate stripper were returned to the waste concentrator,
rerouted through the waste treatment system, and ultimately disposed of at the 216-S Cribs or via
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the 240/241-S diversion boxes to the 241-S Tank Farms depending on the nature of the waste.
Other liquid wastes that contained only trace quantities of radioactive materials such as floor
drain wastes were also disposed directly to cribs or routed through the waste treatment system
and then disposed to cribs depending on their radioactive contents as measured by sampling
activities (GE 1951a). '

2.2.2.3 PUREX Process. The PUREX process was an advanced solvent extraction process that
replaced the REDOX process. PUREX used a recyclable salting agent, ric acid (which greatly
lessened costs and amount of waste generated), and TBP in a NPH solution as a solvent.
TBP/NPH proved to be a much safer and effective solvent than hexone (MIBK) (REDOX’s
solvent) for recovering uranium and | ttonium from nitric acid solutions of irradiated uranium.
The PUREX process was used between 1955 and 1972. After 11 years in standby, the facility
resumed operations in November 1983. The 202-A Building (com  1ly known as the A Plant -
Complex) was the primary location for the PUREX processes. The 202-A Building ceased
operating in 1990, and a decision to shut down the facility was announced in December 1992
(DOE-RL 1993c).

The main purpose of the PUREX facility was to extract, purify, and concentrate plutonium,
uranium, and neptunium contained in irradiated uranium fuel rods discharged from Hanford Site
reac 's. The chemical separation processes were based on dissolving fuel ds in nitric acid and
conducting multiple purification operations on the resulting aqueous nitrate solution. The

- driving forces for the separations consisted of concentration changes, temperature changes, and
chemical additions (DOE-RL 1993c).

With the exception of the feed preparation and dissolution processes, which operated in batch
operation, the PUREX process was continuous. Refer to Figure 2-15 for an illustration of the
PUREX process. The process steps include the following (DOE-RL 1993c):

e Feed decladding, dissolution, and preparation

e Separation cycles of uranium, plutonium, neptunium, and fission products

e Further purification cycles of the uranium, plutonium, and neptunium
Solvent recovery, treatment, and recycle

e Nitric acid recovery, fractionalization, and recycle

e Back-cycle waste treatment system and process condensate recycle.

Individual PUREX process operations including their respective waste collection and treatments
are described in greater detail below.

The first step in the PUREX process involved preparing the uranium  :d for rocessing.
Irradiated uranium slugs, rich with plutonium, were transferred from the ) Area to the

200 North Area via shielded rail car for a 45- to 60-day peric of intermediate storage in large
tanks containing water. After the necessary period of storage or “cooling,” the slugs were sent
via rail car to the PUREX processing plant.
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Additional liquid waste generated by the off-gas treatment systems including the 291-A stack
drainage, various condensed process drainages, and liquid effluents from the silver reactor,
condensers, and filters were collected and routed to the nitric acid recovery and/or back cycle
waste treatment system (GE 1955a, WHC 1989).

The prepared f  d (dissolved metal solution) entered the first extraction umn or code
contamination .vlumn at the midpoint. To increase the amount of s aration, the packed
column, essentially full of the organic | ase, was pulsed from the bottom of the column. ~ e
organic phase counter-currently passed the aqueous phase that desc:  ded from the top of the
column. This first column had a dual purpose. First, the uranium, plutonium, and neptunium
were extracted into the organic phase (TBP/NPH) in the bottom portion of the column. Second,
fresh aqueous (nitric acid) solution entered the column from the top and scnn  >ed impurities
from the organic phase in the upper portion of the column. The nitric acid served as the salting
agent and scrub solution in the first column. A stream of sodium nitrite also entered the bottom
of the first extraction column. The sodium nitrite was used to convert the neptunium to a valence
of VI, making it extractable into the organic phase. The organic phase rich with product exited
from the top of the first column to a feed collection tank before entering the second extraction
column. The first column extracted approximately 99.9% of the fission products. This aqueous
waste stream was routed to the waste concentration/acid recovery operations and subjected to
further processing before final disposal to the underground storage tanks. Refer to Figure 2-15
for an illustration of the PUREX process (GE 1955a, WHC 1989).

The BP/NPH solution rich with uranium, plutonium, and neptunium left the first extraction

column and Hntinued to a feed collection tank before entering the second extraction column
(column 1B ). In the collection tank (TK-J3) the organic product stream was mixed with
recycled organic waste streams from the final plutonium (second and third), final neptunium
purification cycles, and a uranium scrub solution (organic phase) from column 1BS. The second
extraction column or partition column was essentially full of the aqueous phase. The organic
phase entered the second column from the bottom portion, and the aqueous scrub solution
containing dilute ni  : acid, ferrous sulfamate, and sulfamic acid descended from the top of the
column. The ferrous ion in the scrub solution reduced the valence of the plutonium from IV to
IIT. The st amate/sulfamic acid served to neutralize the nitrite previously added in the first

cc 1mn. Thus, as the organic stream rose throt "1 the column, the plutonium was partitioned
from the uranium and neptunium (in the organic phase) to an aqueous phase. The plutonium
stream was mixed with recovered nitric acid and routed through another extraction column
(column 1BS) to purify the plutonium. Small amounts of uranium and neptunium were removed
from the aqueous plutonium stream and the recovered acid stream in the organic phase due to the
addition of concentrated nitric acid in the 1BS column. The recovered uranium was then
recycled to the TK-J3 feed collection tank, prepared, and rerouted through the 1BX or
plutonium-partitioning column. The purified aqueous plutonium stream from the 1BS column
continued to the final (second and third) plutonium cycles. The organic stream from the
plutonium partition column (column 1BX), which contained neptunium and uranium, was routed
to the third extraction column (column 1C) (GE 1955a, WHC 1989).

In the third extraction column (column 1C), the remaining organic phase (containing the uranium
and neptunium) was contacted with a new aqueous phase (less than 2% nitric acid) of low salt
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content. The uranium and neptunium were stripped from the organic phase (TBP/NPH) to an
aqueous phase. No partitioning or valence changes occurred in this column. The aqueous
uranium and neptunium solution was directed via steam jets to the 1 CU concentrator. In the
concentrator, the aqueous solution from column 1C was combined with the back-cycle
condensate (product stream containing uranium) and together were :am stripped to remove the
entrained organic phase. When the volume of the aqueous solution was condensed to one-
seventh of the original, the aqueous solution was routed to the final uranium and neptunium
cycles. The spent organic solvent was routed to the solvent system | feed tank for purification
(GE 1955a, WHC 1989).

The primary waste stream generated by the first extraction cycle (extraction columns 1-3) was an
aqueous stream containing fission products from the dissolved uranium fuel element stream and
spent solvent. The aqueous stream containing fission products exit:  out the bottom of the first
extraction column and was sent to the waste concentrator within the waste treatment system for
further treatment prior to final disposal in the underground storage tanks. Spent solvent from the
separation process contained small amounts of uranium, plutonium, and fission products and was
routed to the first solvent treatment system for purification prior to being recycled into the
extraction process (GE 1955a, WHC 1989).

The final (second and third) plutonium cycles extraction columns operated similar to the original
solvent-extraction columns. The purified plutonium stream from the partition extraction and

- purification columns (columns 1BX and 1BS) was routed to the second plutonium cycle for
further plutonium purification. The aqueous plutonium (valence III) stream was routed into an
evaporation/mixing tank (J-5) and oxidized by the addition of sodium nitrite and nitric acid. The
oxidation of plutonium (III) converted it a valence of (IV). The plutonium solution was then
routed into the first of four extraction columns. The plutonium feed entered column 2A at the
mi Hoint. A nitric acid scrub solution and an organic TBP/NPH solution entered the column
from the top and bottom, respectively. The plutonium was extracted to the organic phase and
routed to the bottom of column 2B. In column 2B, plutonium was partitioned from uranium,
neptunium, and fission products by converting the plutonium (I\ in the organic to phase to a
(ITT) valence in an aqueous phase by the addition of hydroxylamine nitrate and hydrazine.

Hydroxylamine nitra served as a reductant that converte g mium V) to (III), while the
hydrazine was used to chemically neutralize the oxidizing the previously added sodium
nitrite and concentrated nitric acid. The resulting aqi  »us stre "plutonium was purified and
concentrated by a factor of 10 by the second plutonium cycle. stream was collected in feed

makeup tank TK-L.3. Additional amounts of conc:  rated nitric acid and/or sodium nitrite were
added to oxidize the plutonium from the valence of (III) to (IV). Plutonium in the (IV) valence
was readily extracted into the organic phase (TBP/NP}F and partitioned ‘om any uranium,
neptunium, and fission productions in column 3A or first column in the ird plutonium cycle.
The organic product solution from column 3A was then directed to column 3B (last column of
the final plutonium cycle). In column 3B, the plutonium was extracted from the organic phase
back to an aqueous phase by the addition of dilute nitric acid. The aqueous plutonium was then
sent to the 3BP plutonium stripper and concentrator units where the volume was reduced and,
thus, the plutonium concentrated. After final purification and concentration operations, the
plutonium product was routed to Z Plant for final processing and shipment off-site (GE 1955a,
WHC 1989).
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The primary waste streams generated by the second and third plutonium cycles were aqueous
streams containing impurities from the plutonium stream produced in the first extraction cycle,
spent solvent also containing trace impurities from the plutonium stream, and off-gases from the
stripper and concentrator. The aqueous streams were directed to the back-cycle waste treatment
system for further treatment and recycled back into the process. The spent solvent waste streams
were recycled into the 1BX feed tank (TK-J3) and reincorporated into the feed entering the
plutonium partition or column 1BX. In addition, the plutonium product stream was concentrated
prior to shipping. All of the waste streams generated during the second and third plutonium
cycles received further treatment prior to disposal; therefore, no waste management units
received wastes directly from this process (GE 1955a, WHC 1989).

The aqueous uranium-rich stream from column 1C and 1CU concentrator in the first extraction
cycle was directed through the final uranium cycle or additional purification cycles (similar to
the first extraction cycle described above) to achieve the desired purity. Before the uranium
entered the first extraction column, it was routed to a feed makeup tank (TK-K1) where
concentrated nitric acid and hydrazine were added to neutralize any nitrite remaining in solution.
The feed entered the first final cycle extraction column (column 2D) just above the mid-point,
while hydroxylamine nitrate scrub solution used to separate plutonium from uranium was added
from the top of the column. The column 2D extractant, recycled TBP/T.. A solvent from the
solvent treatment system 2, was pulsed into the bottom of the column. The partition of the
uranium into the organic phase was accomplished by limiting the amount of organic phase

. present and scrubbing the solution with hydroxylamine nitrate followed by demineralized water.
The hydroxylamine nitrate reducing agent converted plutonium remaining in the solution from
(I'V) valence to an inextractable (I1I) valence, ensuring that the plutonium remained in an
aqueous solution while the uranium was extracted to an organic phase. The demineralized water
reduced the acid content of the uranium product in the organic stream that minimized corrosion
of the final uranium cycle concentrator. The organic product stream was then directed to
column 2E. Column 2E served the same purpose of column 1C (to strip the uranium from an
organic phase to an aqueous phase by adding dilute nitric acid of less than 2%). The aqueous
uranium stream produced by the final uranium extraction cycle was routed to the

2EU concentrator where it was steam stripped prior to final shipment. The purified uranium
stream was then directed to the uranium conversion plant (224-UA Building) where the uranyl
nitrate was calcinated to uranium trioxide (UOs) for sh  mnent off-site. Refer to Figure 2-15 for
the process flow of PUREX (GE 1955a, WHC 1989).

Waste streams generated by the final uranium cycle were very similar to those produced by the
second and third plutonium cycles. Aqueous wastes (containing neptunium) were directed to the
back-cycle waste treatment system, and spent solvent was directed tc 1e solvent recovery
system 2 for treatment. In addition, the aqueous uranium product stream was steam stripped
prior to final shipment. This produced a gaseous stream containing mainly water vapor and
traces of uranium and spent solvent (TBP/NPH). All of the waste streams generated during the
final uranium cycle received further treatment prior to disposal; therefore, no waste management
units received wastes directly from this process (GE 1955a, WHC 1989).

The aqueous neptunium stream was sent to a collection tank and concentrated in
concentrator E-F6 within the back-cycle waste treatment system. Approximately 57% of the
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concentrated waste was recycled to the first or HA column in the first extraction cycle. The rest
of the concentrated waste (3WB) was directed to a feed tank within the neptunium recovery
cycle. The neptunium recovery cycle or second neptunium cycle was a three-part transient
process that was added to PUREX operations in 1962. Phase I of the operation served to
accumulate neptunium from the back-cycle waste streams. From the feed tank, the aqueous
solution was pumped into column 2N, a dual-purpose extraction/scrub column containing a
continuous organic phase. The neptunium (valence V) and plutonium (valence IV) were reduced
by the ferrous sulfamate and hydrazine scrub solution to extractable (valence IV) and
inextractable (valence III) forms. Uranium remained an extractable valence of VI. Thus,
neptunium and uranium were extracted into the organic (TBP/NPH) phase, and plutonium
remained in the aqueous waste solution. Recycled solvent from solvent treatment system 1
entered below the extraction section of the column and scrubbed entrained aqueous-phase
contaminants from the organic products. The organic phase was routed to the | tom of
column 2P. Column 2P (continuous with an aqueous solution of dilute nitric acid) stripped the
neptunium from the uranium in the organic phase. The aqueous waste from column 2N
containing plutonium was routed to a back-cycle waste collection tank, while the organic

waste stream from column 2P was routed and recycled into the 1BX feed tank (GE 1955a,
WHC 1989).

Phase II of the neptunium recovery operation was similar to phase I. The phases ffered in that
a solution of concentrated nitric acid was utilized as the feed into column 2N rather than the
concentrated waste stream (3WB) that contained plutonium, uranium, neptunium, and fission
products. Phase II purified and concentrated the neptunium by continually removing and

ucing the amounts of uranium, plutonium, and fission products present. The resulting
aqueous neptunium product from column 2P was sampled. When this stream reached a purity of
1 g of plutonium per 1,0000 g of neptunium, the transition to phase III of the neptunium recovery
operations began (GE 1955a, WHC 1989).

Phase III was the transfer of the concentrated neptunium from column 2P to either anion-
exchange columns for purification or to tank TK-J2 for storage. The neptunium was transferred
by air jet to either location. Once approximately 90% had been transferred, the neptunium
recovery operations reverted pha [ (GE 1955a, WF =~ 1989).

The final step of neptunium treatment was purification. The aqueous neptunium solution was air
jetted to a feed receiver tank and then to the 2PN stripper/concentrator tank. Inthist:i ¢,
recycled nitric acid was added. The tank also served as an interface between the continuous
neptunium recovery operations and the batchwise purification process. The neptunium/nitric
acid solution was routed to the stripper/concentrator that removed any entrained or dissolved
organic from the 2PN stream and reduced the volume by a factor of approximately 4.5. This
concentrated solution was then routed to the 3XF feed tank where the neptunium was reduced to
a valence of (IV) by the addition of hydrazine and the 3X anion exchange column. The anion
exchange columr ~ontained Amberlite IRA-99 resin that required pre-treatment, including
de-gasing and we_.1ing with nitric acid and hydrazine. The neptunium was then loaded onto the
resin bed. The remaining solution was routed to a waste collection tank (TK-QS5). Plutonium
was adsorbed onto the resin and would be carried through with the neptunium if not selectively
removed. Thus, a scrub solution containing ferrous sulfamate and concentrated nitric acid was
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applied to the column to remove the plutonium, while hydrazine was added to keep the
neptunium bonded to the anionic resin. To remove any remaining fission products, another scrub
solution was applied to the column. This solution contained concentrated nitric acid and fluoride
to remove the fission products, ANN to reduce the corrosivity of the fluoride, and hydrazine to
maintain the resin/neptunium bond. A third scrub solution (concentrated nitric a * ') was applied
to the column to remove residual amounts of fluoride. All scrub effluents were ¢ ected in tank
TK-QS5. Sodium nitrite was added to the waste collection tank to neutralize the hydrazine. This
solution was then routed back to the waste collection tank in the back-cycle waste treatment
system (GE 1955a, WHC 1989).

With repeated use, the organic solvent (TBP/NPH) used by the PUREX process degraded and
became contaminated. Due to the high cost of fresh solvent and disposal of used solvent, it was
necessary to regenerate and reuse the spent TBP/NPH. Two solvent treatment systems were
used to treat the spent solvent and minimize the contamination of the uranium product by
impurities in the solvent or cross-contamination with the plutonium product. Thus, the organic
waste streams from the initial extraction cycle columns, second and third plutonium extraction
columns, and the back-cycle waste treatment systems were rout.  to solvent treatment system 1
due to their levels of contamination. The organic waste stream from the final uranium cycle was
routed to solvent treatment system 2 due to its level of purity. The impurities removed from
spent PUREX solvent included organic degradation products (dibutyl phosphate and MBP),
entrained solids (nitrates/aqueous phase salts), fission products (iodine: 31, iodine-129,

~ ruthenium-106, and zirconium-niobium-95), and uranium, neptunium, and plutonium
contaminants from column processes (GE 1955a, WHC 1989).

To remove these contaminants, an alkaline (sodium carbonate-potassium permanganate) wash
was performed batchwise in a wash tank of each solvent treatment system. To enhance
separation of the aqueous and organic phases, these tanks were packed with Raschig rings that
allowed more contact between the phases. The aqueous waste stream from the solvent treatment
system 1 wash tank was routed to a waste collection tank prior to disposal in underground tanks.
The aqueous waste solution from the solvent treatment system 2 wash tank was  her rerouted to
be used in the solvent treatment system 1 operations or sent to a waste collection tank prior to

..aald  lin underground stor. ¢ ~s. The organic stream from the wach tanks was
directed to columns 10 and 20 wi a dilute solution of nitric acid was r a |, and
reused to scrub entrained impurities. The nitric acid scrub stream was re ited/reused for

approximately 24 hours. After the 24-hour period, the scrub solution from column 10 was
routed to a waste collection tank for ultimate disposal in underground storage tanks, and the
scrub solution from column 20 was routed to column 10 to be used as scrub solution. The
purified organic solvent from column 10 was sent to a solvent receiver tank and routed to
columns HA, 1BS, 2A, 3A, or 2N pending process solvent requirements. The purified solvent
from column 20 was sent to a different solvent receiver tank and routed to column 2D pending
process solvent requirements (GE 1955a, WHC 1989).

The PUREX Plant was provided with facilities for the recovery of the salting agent (nitric acid).
More than 80% of the nitric acid present in the aqueous waste streams from the solvent
extraction operations was reclaimed in a reusable form. By recovering the nitric acid instead of
neutralizing it and routing it to storage in underground storage tanks, large amounts of caustic,
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nitric acid recovery equipment. The condensate formed in the upper mist eliminators was
returned to the solution section of the concentrator (GE 1955a, WHC 1989).

The acid and water vapors that exited the waste concentrator via the concentrator tower and
deentrainer were routed to the back-cycle waste acid absorber (T-F5) where nitric acid was
recovered. The acid absorber was a 15-tray bubble-cap tower that ran at atmospheric pressure.
The nitric acid was recovered by a counter-current flow of vapors and a water reflux stream. The
off-gases (99.5% steam) of the adsorption tower passed to a condenser where the condensate was
recycled as dilution water back into the waste feed tank. The bottoms of the adsorption tower
(concentrated nitric acid) were directed to the absorber receiver tank (TK-F3) and combined with
the acid product from the XA and XB acid absorbers of the dissolved off-gas treat  nt system.
This acid product was then routed to the nitric acid recovery operation in the 206-A Building for
further purification (GE 1955a, WHC 1989).

The second type of aqueous waste generated by PUREX operations consisted of cooling water,
used sanitary water including laundry, kitchen, 4 bathroom facilities, and chemical sewers.
This stream was routed to various ditches and ponds for disposal.

The third type of aqueous waste generated by PUREX operations was low-level waste. Low-
level wastes included the 291-A stack drainage, various condensed process drainages, and liquid
effluents from the silver reactor, condensers, and filters. Additional low-level liquid wastes were
generated by the nitric acid recovery/storage, uranium pre-treatment and storage, back-cycle
waste treatment system, process condensates (the concentration stages of the F*"REX process),
and process drainages from all other operations conducted within the PUREX facility. In the last
years of operation, these wastes were reworked, neutralized, and routed to underground storage
tanks for disposal. However, from 1955 until 1988, the low-level wastes were combined and
treated, usually by redistillation or concentration. After redistillation, the aqueous waste was
sampled to ensure that it met cribbing tolerances. If the low-level waste was within tolerances,
the waste was routed to a drainage receiver tank or a condensate receiver tank for storage or final
disposal to 216-A Cribs. However, if the aqueous waste was not within cribbing tolerances, it
was rerouted to a collection/feed tank within the waste handling-rework operation and

) I in hopes of achieving cribbable tolerances or sent directlv to underground storage
tanks for disposal. The 216-A Cribs that received process di 1a *UREX include
200-PW-2 OU waste sites 216-A-10, 216-A-5, 216-A-3, and 216-A-28. The 216-A-1 Crib and
216-A-18, 216-A-19, and 216-A-20 Trenches received the same type of waste from earlier
“start-up” and “‘cold runs” in which nonirradiated uranium was used. The 216-A-19 and
216-A-20 Trenches also received condensate waste from the 241-A . ank Farm that was
condensed in the 241-A-431 Building (GE 1955a, WHC 1989).

2.2.2.4 WESF/221-B Operations. The 221-B Building is one of the primary B Plant facilities.
It began operation in 1945, separating plutonium using bismuth phosphate chemical methods. It
ceased operation in 1952, then began various waste treatment operations in 1965. In 1968, it was
used to recover cesium and strontium. Since 1968, several new structures have been added to the
221-B Building, such as the 225-B WESF and the 212-B Cask Transfer Facility.
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In 1963, the 221-B Building began recovering strontium, cerium, and rare-earth metals using an
acid-side, oxalate-precipitation process as part of the phase I processing for the 221-B Building
Waste Fractionalization Project. A centrifuge was used to separate the phases. The lead, cerium,
and rare-earth fractions were dissolved in nitric acid and stored. The strontium fraction was
thermally concentrated and stored. Portions of the strontium and rare earths produced in phase I
were pumped by underground transfer line to the Semiworks for purification of the strontium-90
fraction and separation of the rare-earth fraction in cerium-144 and a rare-earth fraction
including promethium-147. Phase I processing at the 221-B Building ended in June 1966 to
accommodate phase II construction (DOE-RL 1993a).

The objective of the phase I processing was to restore services to the 221-B Building after its
extended shutdown and to accumulate an inventory of fission products. The phase II portion of
the project was the installation of facilities necessary to demonstrate a process system for
packaging the long-lived fission products as a small-volume concentrated waste (phase I1I). The
purpose of phase III was to provide waste fractionalization facilities in the 221-B Building for
processing high-level wastes from PUREX Plant and the B Plant tank farms into fractions that
could be immobilized and contained more safely (DOE-RL 1993a).

The phase III waste fractionalization processing began at the 221-B Building in 1968. " is
process separated the long-lived radionuclides, strontium-90 and cesium-137, from high-le v
PUREX and REDOX wastes and stored a concentrated solution of strontium-90 and cesium-137

- at the 221-B Building. Individual tanks at the B Plant contained up to 35 MCi of strontium-90

and cesium-137 at concentrations up to 10,000 Ci/gal. The combined storage capacity of the
tanks was estimated to be 85 MCi of strontium-90 and 25 MCi of cesium-137 (DOE-RL 1993a).

Three processes were used for the waste fractionalization. ..e first process was the feed
preparation and solvent extraction of current acid wastes generated by the 202-A Building and
stored at PUREX Plant and REDOX tank farms. The solids in these wastes contained about 55%
of the strontium and 70% of the rare earths. The solids, consisting mostly of silicates,
phosphates, and sulfates, were treated by a carbonate-hydroxide metathesis solution to convert
the sulfates to carbonate-hydroxide solids. These solids were then separated from the solution by
centrifuge and dissolved in nitric acid to el 1 ‘he dis fiss 1
products were combined with original acid waste supernate been treated to form feed
for the solvent extraction columns by adding a metal-ion complexing agent, a pH buffer, and a
pH adjustment solution (DOE-RL 1993a).

The feed went through a series of solvent extraction columns. The solvent used was a mixture of
di(2-ethylhexyl) phosphoric acid extractant and TBP modifier in a NPH diluent. The strontium,
ceriuim, and other rare earths were extracted from the aqueous phase into the solvent. The
aqueous fraction contained the cesium and was routed to the 241-A or 241-AX underground tank
farms in the PUREX Plant for temporary storage to allow the decay of short-lived activity
(DOE-RL 1993a).

The strontium fraction was stripped from the solvent with dilute nitric acid and thermally
concentrated with the cell 5 concentrator for storage in tanks in the 221-B Building cells 6-8. -
The cerium and rare-earth fraction was stripped from its solvent with nitric acid, combined with

200-PW-2 QU RI/FS Work Plan and RCRA TSD Unit Sampling Plan

May 2001 2-30



DOE/RL-2000-60
Background and Setting Rev, 0

organic wash wastes, and sent to single-shell tank storage. The solvent was washed and recycled
for reuse (DOE-RL 1993a).

a.e second process used wasa | preparation and solvent extraction process for processing
stored sludge wastes from the 241-A, 241-AX, and 241-SX Tank Farms. The sludge was sluiced
with supernate and water and pumped out of the tanks to the 244-AR or 244-SR Vault. At these
vaults, the sluicing water was decanted for storage to await treatment for cesium removal. The
sludge, containing the bulk of the fission products, was dissolved in nitric acid and transferred to
the 221-B Building for treatment (DOE-RL 1993a).

At the 221-B Building, the rare earths and strontium were precipitated as sulfates using lead
sulfate as a carrier to separate them from iron and aluminum. A sodium hydroxide-sodium
carbonate metathesis was performed to convert the sulfates to hydroxides and carbonates and to
eliminate the bulk of the lead. The product cake was centrifuged, dissolved with nitric acid, and
accumulated for solvent extraction treatment. The solvent extraction was similar to the solvent
extraction for the current acid waste. However, the aqueous waste fraction from the initial
solvent extraction (containing the rare earths and the solvent wash) wastes were thermally
concentrated at the 221-B Building using the cell 20 concentrator and transferred to
immobilization processing (in-tank solidification) (DOE-RL 1993a).

The third waste fractionation process was the ion exchange of stored cesium supernates and

. sluicing solutions. High-level tank farm supernates and sluicing water containing cesium-137
were passed through an ion-exchange column at the 221-B Building. The cesium and a small
fraction of sodium were adsorbed on a synthetic alumino-silicate zeolite resin. About 97% of the
adsorbed sodium and 0.5% of the loaded cesium were designed to be removed from the column
with a dilute ammonium and carbonate-ammonium hydroxide scrub solution. Following this, the
rer  1ing cesium was removed with a concentrated mixture of ammonium carbonate and
ammonium hydroxide. The cesium was thermally concentrated in the cell 20 concentrator and
stored in tanks in 221-B Building cells 14 and 17. The waste from the adsorption step was
routed directly to in-tank solidification. The column wash wastes and scrubs were thermally
concentrated in the cell 23 concentrator prior to transfer to in-tank solidification. In 1974, the
221 1] gan1 ng 138 to perform final purif ition of the cesium prior to
processing VESF. The strontium solvent :traction process operated until 1978. Cesium
final purification was ended in 1983 and strontium purification was  ded in 1984 (DOE-RL
1993a).

The waste fractionalization process included a thermal evaporation concentrator in cell 23 to
concentrate process wastewaters prior to disposal. This system was used to concentrate
low-level radioactive waste after the cesium and strontium waste fractionalization process was
shut down in 1984. Double-shell tank waste was received at the 22 1-B Building to be processed
through the low-level waste concentrator until 1986. The 221-B Building received no
double-shell tank wastes after April 1986, and processing of these wastes was completed by late
1986. Other sources of the low-level waste included miscellaneous sumps and drains in the
WESF, which diverted decontamination waste solutions generated in the WESF process cells.
Another contributor was a liquid collection system located beneath the 40 cells in the

221-B Building that collected cell drainage from decontamination work and water washdowns in
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the processing section of the 221-B Building. A portion of the collected cell drainage from water
washdowns was disposed of in the 200-PW-2 OU waste site, the 216-B-60 Crib. The
concentrator also processed wastes produced by the cleanout of various process vessels at the
221-B Building and WESF through 1986 (DOE-RL 1993a).

The concentrator process consisted of a vertical, single-pass, shell-and-tube thermal-recirculated
and steam-heated evaporator. The evaporator had two bundles of tubes that contained
low-pressure steam to heat the process feed. ™" 2 tube bundles heated the feed to the boiling
point and vaporized it. The evaporated liquid passed through a high-efficiency deentrainer to
remove entrained liquid droplets and was condensed as process condensate. The process
condensate was disposed of in the 216-B-12 Crib, beginning in May 1967 when the

216-B-12 Crib was reactivated. In November 1973, the process condensate was diverted to the
216-B-62 Crib. Disposal continued to this crib until the concentrator was shut down. The
process condensate is known as the B Plant process condensate stream (DOE-RL 1993a).

2.2.2.5 Semi-Works Operations. The 201-C Process Building was constructed in 1949.
During its history the 201-C Process Building went through three distinct operational modes.
These operations include the following:

o Pilot plant for REDOX chemical processing
¢ Pilot plant for PUREX chemical processing
"~ o Strontium (and other fission products) recovery operations.

Limited information was obtained regarding the nature of cold-run wastes derived from startup
trials for the various Semi-Works Pilot Plant chemical processing. Historical cold-run wastes
were likely characterized by high salt content, low organics, and as neutral to basic. Unspecified
wastes were also derived from the 201-C Process Building systems decontamination, which were
conducted prior to conversion to new processes. Information regarding the waste management
units receiving other waste streams is limited (DOE-RL 1993d).

Wastes generated during the REDOX process included coating wastes from decladding of
aluminum fuels in a boiling sodium nitra  sodium hydroxide solution. ..e : stream v
composed 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. During the REDOX processes, __rcaloy-clad fuels were declad in an
ammonium nitrate-ammonium fluoride mixture. The REDOX waste stream was composed of
large volumes of aluminum nitrate, and zirconit. ... oxide, sodium fluoride, sodium nitrate,
potassium fluoride, uranium, and plutonium. Other wastes associated with the J)OX process
included chromate, sodium sulfate, and ferric hydroxide compounds in addition to many of the
other compounds listed. Waste streams from the REDOX process were slightly acidic and
contained fission products including cesium-137, ruthenium-106, strontium-90, plutonium-239,
and uranium based on WIDS. The presence of additional radionuclides including tritium,
cobalt-60, and uranium-238 were reported in the waste stream. The coating wastes from the
aluminum and Zircaloy-clad fuels decladding were neutralized with caustic soda. Wastes generated
during the REDOX process were sent to several waste sites, including the 216-C-1 Crib, which
received acidic radioactive waste between 1953 and 1954 (DOE-RL 1993d).
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The PUREX process generated wastes from decladding of aluminum and Zircalo: 1els that
were reportedly identical to those generated from REDOX decladding. Tributyl phosphate in
kerosene solvent was used to extract plutonium and uranium ~ >m acid solutions of irradiated
uranium. During the PUREX process, a potassium permanganate, sodium carbonate, and nitric
acid wash were used to separate organic compounds from a process extraction solvent prior to
reuse of the solvent. The PUREX organic wash wastes primarily included sodium nitrate,
sodium carbonate, manganese oxide, and uranium. Process condensate from PUREX was
generated as a waste stream. This process condensate consisted of water that had been in
intimate contact with process organics, TBP, and NPH. Because these chemicals were of
technical grade, they contained a variety of trace impurities: butanol, butyra. hyde, acetone,
methyl ethyl ketone, and others. In addition, degradation products are also expected from the
breakdown of unstable compounds, such as TBP. Wastes generated ¢ ing the PUREX process
were sent to several waste management units, including the 216-C-1 Crib that received neutral to
basic process condensate and cold oven wastes between 1954 to 1956 (DOE-F  1993d).

The strontium recovery process was performed using a complexant di-2-ethyl- <yl phosphoric
acid to extract strontium from acid solutions of waste fuels. However, none of this waste was
disposed to the 200- PW-2 OU waste sites; thus, the strontium recovery process conducted at the
Semi-Works facility is not discussed further (DOE-RL 1993d).

In general, high-level wastes were stored in underground tanks in the 200 East Area tank farms,

. and low-level wastes were routed to cribs in the Semi-Works area for disposal. Wastes from the

201-C Process Building were sent to several waste sites, including the 241-CX-71 Storage Tank,
which received acidic wastes from the 201-C Process Building prior to  icharge to the

216-C-1 Crib, and unspecified wastes from the 201-C Process Building hot shop sink

(DOE-RL 19934d). '

2.2.3 Representative Sites and TSD Units

The concept and rationale for using analogous sites to reduce the amount of site characterization
and evaluation required to support remedial action decision making is discussed in the

_ ementation Plan (DOE-F~ 1999). T! use of this approach relies on first grouping sites
with similar location, geology, waste site history, and contaminants, and then choosing one or
more representative sites for comprehensive field investigations, including sa  ling. Findings
from site investigations at representative sites are extended to apply to other sites in the waste
group that were not characterized. Sites for which field data have not been collected are
assumed to have similar chemical characteristics to the sites that were characterized.
Confirmatory investigations of limited scope can be performed at the sites not selected as
representative sites, rather than full characterization efforts.

Data from representative sites are used to evaluate remedial alternatives and to select one (or
more) to apply for the entire waste group. Confirmatory sampling of the analogous sites after
remedy selection may be required and is built into the remedial design planning to demonstrate
that analogous conditions exist. Although a degree of uncertainty exists in employing the
analogous site concept, substantial benefit is realized in the early selection of a remedy that
allows early cleanup action to be performed. As defined in the Implementation Plan
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The excavation has side slopes of 1:1. It is unclear if the gravel backfill merely surrounds the
boxes or also fills them. The unit is considered to have cave-in potential (WHC 1991b).

During its service history, the crib received process condensate from the 221-U and

224-U Buildings and the 221-B Building from November 1952 until December 1957. The cribs
were inactive from December 1957 until May 1967. From May 1967 until November 1967, the
crib received liquid waste from the 221-B Building. From November 1967 to November 1973, it
received additional process condensate via a 15-cm (6-in.) vitrified clay pipe from the

221-B Building, including limestone that was used for neutralization of the waste stream. The
site was retired in November 1973. Radiation Occurrence Report 73-82 suggests that the
216-B-12 Crib was abandoned in November 1973 when the ground above the crib started to
subside, resulting in flow restrictions in the piping. 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 ft) of clean soil was added in
1993 (RHO 1979, WIDS).

The waste is low salt and neutral/basic. Records indicate that 180,000 kg (396,832 Ib) of
ammonium nitrate was disposed at the site. The radionuclide inventory of the site includes
cobalt-60, strontium-90, cesium-137, plutonium-239/240, and uranium-238 (PNL 1988,
DOE-RL 1988). An estimated 21,000 kg (46,300 Ib) of uranium, 374 g (1 Ib) of plutonium,
716 Ci of cesium-137, and 79.3 Ci of strontium-90 may have been discharged to this site. The

| . total volume of effluent discharged is estimated to be 520,000,000 L (140,000,000 gal)

(PNL 1988, DOE-RL 1997).

2.2.3.3 216-U-8 Crib. The 216-U-8 Crib is located in the 200 West Area about 137 m (450 ft)
west of Beloit Avenue and 229 m (750 ft) south of 16™ Street.

The crib consists of three timbered cascading crib structures, referred to as a stack drain, with a
bottom surface area that is 48 by 15 m (160 by 50 ft) and is 9 m (31 ft) deep (Figure 2-18)

(GE 1958b, PNL 1988). Surface elevation was 211 m (692 ft) and the ottom of the crib was at
202 m (662 ft) (GE 1954a). Each box-style crib measures 5 by 5 by 3 m (16 by 16 by 10 ft) high
and was constructed of fir timbers resting on a 0.9-m (3-ft)-thick grave bed about 9 m (31 ft)
below grade. It is unclear if the gravel backfill merely surrounds the boxes or also fills them.
The cribs are 18 m (60 ft) apart and connected in a series by a 15-cm (6-in.) schedule 40 pipe.
Each crib was vented by two 4-in. schedule 40 steel pipes that were capped b¢ 'w grade.

A 15-cm (6-in.)-diameter vitrified clay waste transfer line entered the crib and was partially
protected by a concrete encasement (WHC 1991a).

The crib operated from June 1952 to March 1960. The crib received process cond ate viaa
15-cm (6-in.) vitrified clay pipe from the 221-U and 224-U Tanks and ~ 71-U-1 stack drainage
(GE 1956c; DOE-RL 1988, 1995a). By July 1954, the crib had received 14,544 kg (32,064 lb)
of uranium, 185 g (0.4 Ib) of plutonium, and an estimated 1.54 x 10® L (4.1 x 107 gal) of quid
materials (GE 1954c). By the end of 1956, the crib had received 3.34 x 108 L (8.8 x 10 gal) of
liquid, 23,800 kg (6,173 1b) of uranium, and 365 g (0.8 1b) of plutonium (Heid 1957). By 1958,
it had received 3.63 x10® L (9.6 x 107 gal) of liquid materials and 367 g (0.8 Ib) of plutonium
(Baldridge 1959). In 1959, the crib received an additional 9.08 x 10° L (2.4 x 10° gal) of waste
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(Reisenauer 1959). During its operational use, the crib received a total of 3.79 x 105 L (1.0 x
10® gal) of waste (DOE-RL 1992a, 1995a).

In 1960, the crib was deactivated when it began to subside. Sinkholes were backfilled around the
three cribs and  risers were cut off and capped below grade (RHO 1979). The incoming waste
transfer line was blanked about 18 m (60 ft) north of the crib, and waste materials were diverted
to the 216-U-12 Crib. In 1994, the area over the crib and the portion of the vitrified clay pipe
from 16™ Street south to the crib were stabilized with about 0.6 m (2 ft) of soil  OE-RL 1995b).

The site was characterized in 1995 as part of 200-UP-2 OU characterization activities (DOE-RL
1995b). This included installation of a borehole through the crib, collection of soil and
vegetation samples, and an in-line camera survey of a portion of the pipeline that led to the waste
site. Waste in the site is acidic. Chemicals disposed at the site include nitric acid. The
radionuclide inventory includes cobalt-60, strontium-90, cesium-137, plutonium-239/240, and
uranium-238 (PNL 1988). This included an estimated 2.39 x 10* kg (52,700 Ib) of uranium and
370 g (0.8 Ib) of plutonium (DOE-RL 1997).

2.2.3.4 216-U-12 Crib. The 216-U-12 Cirib is the first of three RCRA TSD units in this OU.
The original RCRA Part A permit application (Part A), Form 3 (Rev. 0), was submitted to
Ecology in 1987.

* The 216-U-12 Crib replaced the 216-U-8 Crib when it began to subside. The 216-U-12 Crib is
located in the 200 West Area about 650 m (2,130 ft) south of the 221-U Building and . ) m
(460 ft) north of Beloit Avenue. The crib was constructed in 1960. It was esigned to receive
mixed waste (corrosive, D002) from U Plant, via a 15-cm (6-in.) vitrified . 1y pipe, for
approximately 5 minutes every hour, at the rate of 378 L/min (100 gal/1 1), and to dispose of the
process condensate by percolation into the soil column (DOE-RL 1995b). The 46-m (150-ft)-
long gravel-filled crib has bottom dimensions of 30 by 3 m (100 by 10 ft) with natural earth
sides, a 2:1 slope, and no constructed internal structure (Figure 2-19). The crib is about S m
(15 ft) below grade. The lower 2.1 m (7 ft) is filled with graduated layers of sand and gravels
and covered with a polyethylene barrier. A 305-mm (12-in.) vitrified clay pipe extends the
length of the crib 3 m (10 ft) below the surface. A vent riser, about 4 m (14 ft) long, extends
from 3 m (10 ft) below the surface to 0.9 m (3 ft) above grade. Two 5.2-m (17-ft)-lot vitrified
clay liquid-level gage wells also exter 0.9 m (3 ft) above grade. A 15-cm  -in.) diameter
vitrified clay pipe delivered water to the crib from the point where the 216-U-8 Crib feed line
was blanked off (WHC 1991a).

During its operational period beginning in April 1960 and continuing for 28 years, e crib
received 150 million liters (40,000,000 gal) of liquid waste. From 1960 to 1967 it received stack
drainage from 291-U-1, 244 WR Vault waste, storm drain waste from the 224-U Building, and
waste from the C-5 and C-7 tanks within the 224-B Building. In October 1963, the crib received
31.4 kg (69 Ib) of thorium from contaminated water and 3.1 kg (6 Ib) of thorium from the
244-WR Vault (DOE-RL 1992a). From May 1967 to September 1972, the crib received
occasional waste via tank C-7 in the 244-U Building. From September 1972 to November 1981,
the crib was out of service. From November 1981 to June 1988, the crib received corrosive (pH
of 0.5 to 1.5) process condensate and miscellaneous storm drain runoff from the 224-U Building
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The 216-A-36B Crib is located in the 200 East Area about 366 m (1,200 ft) south of the

202-A (PUREX) Building. Surface elevation is about 217 m (712 ft), and the subsurface
elevation of the crib is about 211 m (691 ft). The gravel-filled crib has bottom dimensions of
152 m (500 ft) and a width that varies from 2 to 3.4 m (7 to 11 ft) (Figure 2-21). T*= first 7.6 m
(25 ft) of the crib is 2 m (7 ft) wide and the remainder is 3.4 m (11 ft) wide. The tom of the
crib is 7.3 m (24 ft) below grade (WHC 1988). A 15-cm (6-in.) perforated pipe was placed
horizontally 7 m (23 ft) below grade (DOE-RL 1988).

The 216-A-36B Crib is the southern 152 m (500 ft) of a longer crib, origi. ' *nown the
216-A-36 Crib. The original crib received liquid effluent from Septe. e » to March 1966.
Over this time period a substantial inventory of radionuclides was dispc " > the crib and is
assumed to have infiltrated sediments near the inlet to the crib. To continue discharge to the
crib, it was reconfigured into two sections: 216-A-36A and 216-A-36B. Grout was injected into
the gravel layer of the crib to form a barrier between the two sections. The 216-A-36B Crib was
extended southward from 216-A-36A by inserting a smaller diameter pipeline insic the original
pipeline, effectively moving the discharge point farther south into the 716-A-36B Crib.
Discharge to the 216-A-36B Crib resumed in March 1966 and continu... '~*il October 1972,
when the crib v temporarily removed from service. During that time period (in May 1970),
about 14,000 Ci was discharged to the crib due to a leaking valve in the scrubber drain to the
catch tank (Manry and Prosk 1985). The crib was placed back in service in Nove er 1982 for
the restart of the PUREX Plant and remained active until the spring of 1988.

During its operational use, the 216-A-36 Crib received ammonia scrubber distillate waste, a
state-only toxic dangerous waste (WT02) from the 202-A Building (RHO 1979). This resulted
in the crib’s designation as a RCRA TSD unit in the fall of 1987. An interim status indicator
parameter evaluation program has been in operation at the crib since May 1988.

The ammonia scrubber distillate waste contained americium-24] (0.2 Ci), cobalt-60,
plutonium-239 (258 g), strontium-90 (1,310 Ci), tritium, sulfur-113, iodine-129, cesium-137
(1,200 Ci), promethium-147, and uranium-238 (262 kg). Chemical conta 1ants included
ammonium fluoride, ammonium nitrate, and sodium dichromate (WF ™ 1988, DOFE-RL 1988).
Use of tI crib was dii Hntinued in the spring of 1988 and the facility was bac.......d

(BHI 1996b). No stabilization actions have taken place at the waste site.
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Feet Below Ground Surface (Feet)

Figure 2-6. Stratigraphy Near the 216-U-12 Crib.
Well 299-W22-78

—100

F—125

~—150

——175

—225

—250

H2 Sand Dominated
Sequence

Hanford formation

A

Plio-Pleistocene Unit
Sand and Silt

4 — Sand

AN

Plio-Pleistocene
Unit

Upper Ringold

Unit E Gravel

igold
Formation

LEGEND

T

7
s

Sand

7

{(Member of Taylor Flats-Silt) |- — — -

- Silty

239 V= ~ - ~

%ﬁﬁ% Gravel

Gravel —— - —]Silt

Caliche

Potentiometric Surface

Time-Rock Litho Facies Lithology
Lo Unit
H1 Upper Grave!
o5 Dominated Sequence Sand
~—50
Sand
—75

Sand to Silty Sand

4—Sand, Caliche
Sand-Silty Sand

NOTE: Depths are approximate
and are for illustrative
purposes only.

(Generalized 3/99, from PNNL, 2000)

2W:W22-78_LOG

200-Fw-2 OU RI/FS Work Plan ana kCRA TSD Unit Sampling Plan

May 2001

2-44




DOE/RL-2000-60

Background and Setting Rev. 0

Figure 2.7. Stratigraphy in the Vicinity of the 216-A-10 Crib and the 216-A-36B Crib.
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Figure 2-8. Location of the Hanford Site and 200-PW-2 Operable Unit Waste Sites.
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Figure 2-9. Location of 200-PW-2 Waste Sites Inside the 200 West Area.
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Figure 2-10. Location of 200-PW-2 Waste Sites on the West Side of the 200 East Area.
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occurred approximately at 32 m (105 ft) bgs. Ammonia was not detected from the surface to a
depth of 18 m (60 ft) in wells adjacent to the crib. Ammonia was not detected in boreholes
299-E17-17 and 299-E17-18, which are located south of the crib.

Fluoride concentrations were typically less than 1.2 ppm in boreholes in the vicinity of the crib.
Only one sample exceeded this threshold. A maximum concentration of 6.08 ppm was detected
in borehole 299-E17-15 at a depth of 27 m (90 ft).

Nitrate concentrations in the soil column ranged betv  :n 1.3 and 582.8 ppm in the vicinity of the
crib. Higher concentrations of nitrate were typically detected in the upper section of the soil
column approximately 18 to 20 m (60 to 65 ft) bgs. Concentrations ger - 1lly decreased with
depth. Samples collected within the crib ranged between 1.38 to 44 ppm. The pH in all samples
ranged between 7.76 to 10.11.

The spectral gamma logging system identified three man-made radionuclides (cesium-137,
cobalt-60, and antimr 1y-125) beneath the 216-A-36B Crib in borehole 299-E17-9. Uranium
isotopes were not detected.

Cesium-137 was detected from 9 to 19 m (29 to 61 ft) bgs. Concentrations greater than
-,000 pCi/g (instrument saturation point) were detected from 9 to 12 m (31 to 39 ft) bgs.
Cesium-137 concentrations generally decreased with depth. The cesium-137 contamination also
- corresponds to higher levels of gamma ener  detected with the natural gamma tool in borehole
299-E17-11. This borehole is located approximately 33 m (100 ft) sou of borehole 299-E17-9.

Cobalt-60 was detected in two zones beneath the crib. The upper zone is from 14 to 28 m
(46 to 92 ft), and the lower zone is from 51 to 92 m (167 to 300 ft) bgs. he maximum
concentration within either zone was less than 3 pCi/g.

The distribution of antimony-125 is similar to cobalt-60. This contaminant was detected in the
same upper zone of cobalt-60 contamination at 14 to 28 m (4€ 1 92 ft)  1eath the 216-A-36B
Crib. The concentration of antimony is less than 7 pCy/g throughout the zone.

The effluent volume discharged at this site is greater than the soil pore  ume as indicated in
Table 3-1. These data indicate that there has been in ict to groundwater at this site. ..ie
current status of groundwater contamination in the vicinity of the 216-A-36B Crib is described in
PNNL (2000) and attributes some of the contamination to the discharge. .o this crib. The report
indicates that tritium, nitrate, iodine-129, strontium-90, and gross beta exceed the groundwater
protection standards/guidelines in the vicinity of the crib. Major groundwater plumes in the
vicinity of the 216-A-36B Crib are shown in Figures 3-2 and 3-3.

3.3.2 Conceptual Contaminant Distribution Models

Preliminary conceptual contaminant distribution models were first developed for the 200-PW-2
OU in the waste site grouping report (DOE-RL 1997), which provided generalized models at the
OU scale. Using waste site-specific information (Sections 2.1.5, 2.2.3, and 3.3) and the OU -
models as a baseline, site-specific conceptual contaminant distribution models were developed

200-PW-2 OU RI/FS Work Plan and RCRA TSD Unit Sampling Plan
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for each of the representative sites and TSD units. These site-specific models represent our
current understanding of the physical conditions and the nature and extent of contamination and
provide the basis for the remedial investigations proposed for each of the representative sites and
TSD units. Conceptual contaminant distribution models are shown in Figures 3-10 through 3-15.

Information pertaining to contaminant sources, release mechanisms, transport media, exposure
route, and receptors has also been incorporated into the discussion of the conceptual contaminant
distribution models in this section. The conceptual exposure model is included to develop an
understanding of potential risks and exposure pathways. This information forms the basis for an
evaluation of potential human health and environmental risk.

Waste streams associated with 200-PW-2 waste sites consisted of uranium-rich process
condensate and can range in pH from acidic, to neutral, and to basic. The waste streams are
characterized by significant concentrations of both radionuclides and inorganic chemicals
(DOE-RL 1999). The primary sources of contamination at waste si 1 these groups were
generated at chemical processing plants (i.e., PUREX, REDOX, B 5F], and U Plants) in the
200 Areas. Effluent from these contaminant sources was discharged to the soil column in
trenches and cribs.

Releases to the environment from primary sources have produced secondary contaminant
sources. These secondary sources can consist of contaminated surface s, subsurface soils,
and groundwater beneath waste sites. Releases{ n secondary sources can also impact the
environment by infiltration, resuspension of contaminated soil, volatilization, biotic uptake,
leaching, and external radiation. When waste sites were receiving effluent, the dominant
mechanism of contaminant transport was vertical infiltration. After this practice ceased, liquids
continued to move through the soil column by gravity drainage for an undetermined period of
time. Currently, the dominant mechanism of contaminant transport is assumed to be residual
moisture from the effluents and limited natural recharge from precipitation.

The following statements are general conclusions regarding the conceptual contaminant
distribution model for this waste group.

¢ Effluent discharged to waste sites in the )0-PW-2 OU consisted of uranium-rich process
condensate that contained high levels of fission produc  Primary radiological contaminants
of potential concern (COPCs) include cesium, plutonium, strontium, technetium, and uranium.

e Waste sites in this waste group, with the exception of unplanned releases, generally received
large quantities of effluent in comparison to soil pore volume. Therefore, the wetting front
and mobile contaminants at most sites likely impacted groundwater when these sites were
actively receiving effluent. DOE-RL (1997) suggests that discharge volumes met or
exceeded soil pore volumes beneath representative sites and TSD units in this waste group.

¢ Effluent and mobile contaminant migration is predominantly vertical beneath the waste site
after release. Lateral spreading of effluents and contaminants may have occurred in
association with fine-grained lithofacies such as the sandy sequence of the Hanford formation
and the Plio-Pleistocene unit/early Palouse soil.

200-PW-2 OU RI/FS Work Plan and RCRA TSD Unit Sampling Plan
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¢ Contaminants such as cesium and plutonium that have large distribution coefficients
(K4 >2,000 mL/g) normally adsorb strongly onto Hanford Site sediments. As a general rule,
these normally immobile contaminants are detected in high « 1centrations near points of
release. Their concentrations generally decrease with depth 1n the vadose zone.
Contaminant impact in the lower half of the vadose zone or to groundwater should not be
significant. Contaminants with Kys equal to 0 mL/g such as nitrite and tritium are not
readily adsorbed on soil particles and migrate throughout the vadose zone to groundwater.
These very mobile contaminants may be present in residual conc rations in the vadose
zone. Moderately mobile contaminants, such as strontium-90 (Kg = 0.4 to 50 mL/g), are
also present throughout the vadose zone and their concentrations may increase in the lower
half of the soil column. However, impact to groundwater is not expected to be significant.
In the 200 Areas, the distribution of strontium-90 in groundwater above the maximum
contaminant level (MCL) of 8 pCV/L is limited.

¢ Uranium mobility is affected by the specific form of the uranjium compound. The
distribution of uranium through the vadose to groundwater typically shows local significant
accumulations near the base of the structure (crib or trench), at the caliche interface, and
along some fine-grained lenses in between. The elevated levels are due in part to sorption,
porosity changes, and the presence of elements, molecules, or compounds that act as
reductants for most uranium species.

Uranium is generally considered to be poorly sorbed by sandy sediments; estimates of
uranium Ky range from 0O to 25 mL/g or higher (D( -RL 2000b). Several different scenarios
may help to explain the transport of uranium in the var e zone and to groundwater:

(1) uranium is immobilized by the formation of insoluble carbon * phosphate compounds
such as autunite, a hydrated calcium uranyl phosphate; (2) uranium con unds formed in the
subsurface may be dissolved and mobilized by nitric acid typical of the discharges to the
200-PW-2 waste sites; and (3) once dissolved the uranium is tran orted through the vadose
zone to different horizons or groundwater depending on the volume of discharge and the
presence of zones such as the caliche layer documented at the 216-U-8 Crib. These
situations, in concert with the pH, porosity, and other pre-existi~~ ~~=-*:~~5 found in the
subsurface soils, can contribute to the v.__it  uraniumcon tat  ne of the
waste sites.

Waste sites in the 200-PW-2 OU no longer receive ef 1ent. Sites in this OU have been surface
stabilized (i.e., covered with clean soil to prevent the spread of contaminants) or were covered
with clean soil during construction. With the cessation of artificial recharge, the downward flux
of moisture through the vadose zone has decreased. Residual moisture should continue to
decrease in the vadose zone over time and equilibrate with the natural recharge rate, thus
reducing the potential for future impacts to groundwater.

3.3.3 Environmental Information
A summary of ecological resources for the 200 Areas is provided in Appendix F, Sections 8.0

and 9.0 of the Implementation Plan (DOE-RL 1999). Available information pertaining to
sampling of vegetation and biota within the 200-PW-2 OU waste sites is presented in this section
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contaminant entry to the food chain. Contaminants of potential ecological concern were
identified for zones from O to 2 m (0 to 6 ft) and from 2 to 4.6 m (6 to 15 ft). Exposure pathways
included ingestion of contaminated plant material and direct :posure to radioactive
contaminants.

The evaluation was conducted based on biological monitoring data (Johnson et al. 1994) and
modeling results using relative risks to evaluate the sites. Risks were assigned to each of the
waste sites based on environmental hazard quotient (EHQ) results-and are prese: :d below:

e High (EHQ = 100)
e Medium (EHQ >10 and <100)
e Low (EHQ<10).

Plants collected from the 216-U-8 Crib during the 200-UP-2 LFI were analyzed for both
radionuclides and metals. Modeling concentrations of metals as measured in plants into a
mouse resulted in a HQ>1 for aluminum (EHQ = 5,030), antimony (EHQ = 52.3), barium
(EHQ = 7.66), copper (EHQ = 18.7), manganese (EHQ = 21.7), and vanadium (EHQ = 5.96).
Estimating the radiation dose to the mouse following ingestion of plant matter revealed that
exposure to the maximum activity concentration in plants from the site resulted in a total dose
rate of 1.57 rad/day. Strontium-90 alone contributed approximately 99% of the total dose rate.
Exposure of the mouse to radionuclides in the soil resulted in an estimated total dose at the 0- to
. 2.0-m (0- to 6-ft) interval and at the greater than 2- to 4.5-m (6- to 15-ft) interval to be less than
1 rad/day. Modeling results indicated no chemicals of potential ecological concern detected in
soils from this site as having an EHQ >1. The ecological risk :  »ciated with the 216-U-8 Crib
and the 216-U-8 VCP was considered medium to high. The area around the 216-U-8 Crib and
along the 216-U-8 VCP was surface stabilized following completion of the LFI activities in order
to minimize future risk at the surface.

In a similar manner, modeling the radiation dose to the mouse fo »wing ingestion of plant matter
from the 216-U-12 Crib revealed that exposure to the maximum activity concentration in plants
from the site resulted in a total internal dose rate of less than 1 rad/day. No nonradioactive
chemicals were found to be  1itaminants of ecological concern in soil at this site. The mouse is,
therefore, not expected to be exposed to hazardous concentrations of nor  lioactive chemicals at
this site as determined through the evaluation of soil concentrations. Exposure of the mouse to
radionuclides of potential ecological concern at this site did not result in a radiation dose greater
than 1 rad/day. The ecological risk associated with the 216-U-12 Crib was es nated to be low.

Although not part of the 200-PW-2 OU, data obtained during the 200-UP-2 LFI for the 216-U-10
Pond and the 216-U-11 Trench can also be considered indicative of conditions in the area. At
these two sites chemical and radionuclides were modeled from soil to the ecological receptors to
estimate potential impacts on biota at these locations. No chemicals at a soil depthof Oto 1.9 m
(0 to 6 ft) were predicted to be potentially hazardous to the mouse. Barium, copper, and zinc
were found to have EHQs greater than one for soil depths from 2 to 4.5 m (6 to 15 ft). No
radionuclides were found to result in a dose of greater than 1 rad/day to the mouse.

200-PW-2 OU RVFS Work Plan and RCRA 15D Unut dampling Plan
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Modeling maximum concentrations measured in plants resulted in a hazard quotient greater than
one for barium, copper, and vanadium. A total internal dose rate less than 1 rad/day to the
mouse was estimated from ingestion of the maximum activity measured in plant matter. Data
collected from mice living adjacent to the 216-U-10 Pond from 1975 to 1977 (d' ing operation)
showed the highest exposure rate of 1.47 roentgens (R)/week or 0.21 R/day to the pocket mouse
(Gano 1979). Soil data were also collected along the same sampling transects for the mice.
Results showed the highest gamma exposure of 37 mrad/yr or 0.1 mrad/day and neutron
exposure of 75 R/yr or 0.2 R/day fromsoils O to 1  cimeter below the surface. ased on the
risk modeling conducted for the 200-UP-2 LFI, the ecological ~*-': associated with the
216-U-10 Pond and 216-U-11 Ditch was considered medium, the neighboring 216-Z-11 Ditch
was considered low to medium, and the 216-U-14 Ditch was considered low.

3.5.3.3 Summary. Soil characterization data previously collected, and information to be
obtained from the proposed borehole sampling to be conducted at representative waste sites as
part of this work plan, will be sufficient to address potential impacts to human health.

Based on the ecological data collected from previous investigations (e.g., 200-UP-2 LFI) and
surveys (e.g., annual near-facility environmental surveys), no additional OU-specific ecological
data are considered necessary to address potential impacts to the environment at this time.
However, it is an expectation that an assessment for ““- 200 Areas is needed that would further
evaluate ecological impacts for the 200 Area Central Plateau in a more holistic manner.

3.6 DEVELOPMENT OF CONTAMINANTS OF CONCERN

The development of the list of COPCs and refinement tot list of COCs for this OU were main
objectives of the DQO process. The preliminary list of COPCs for the OU included the complete
set of contaminants that were potentially discharged to this waste group from facilities discussed
in Section 2.2. This master list of COPCs was generated by process information gathered and
evaluated against a set of exclusion criteria and past sampling/characterization events to enable
the development of a final COC list. Chemical ct “eristics such as toxicity, persistence, and
chemical behavior in tl roi W consii Thecri ia  excl >nofcertain
constituents, as detailed in the DQO report (BHI 2000 pending), are as follows:

e Short-lived radionuclides with half-lives less than 3 years

¢ Radionuclides that constitute less than 1% of the fission product inventory and for which
historical sampling indicates nondetection

¢ Naturally occurring isotopes that were not created as a result of Hanford Site operations

e Constituents with atomic mass numbers greater than 242 that represent less than 1% of the
actinide activities

200-PW-2 OU RI/F> work Plan and RCRA TSD Unit Sampling Plan
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e Progeny radionuclides that build insignificant activities within 50 years and/or for which
parent/progeny relationships exist that permit progeny estimation

e Constituents that would be neutralized and/or decomposed by facility processes

e Chemicals in a gaseous state that cannot accumulate in soil media

e Chemicals used in minor quantities relative to the b : production chemicals consumed in
the normal processes; these chemicals are not likely to be present in toxic o1 igh

concentrations

e Chemicals that are not persistent in the environment due to volatilization, biological
degradation, or other natural mitigating features

e Chemicals that are not persistent in the vadose zone due to high mobility and previous
confirmatory sampling/analysis activities.

The exclusion process resulted in a final list of COCs for the OU, which is presented in
Table 3-7. The preliminary list of COPCs, the excluded analytes and, the ratio le for exclusion
are presented in the DQO summary report (BHI 2000 pending).
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Figure 3-1. 216-A-19 Trench Borehole Location Map.
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Figure 3-4. 216-B-12 Crib Borehole Location Map.
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Figure 3-6. Uranium Concentrations in Groundwater at Well 299-W19-2.
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Figure 3-7. Major Nonradiological Groundwater Plumes in the
Vicinity of the 200 West Area (Modified from PNNL 2000).
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Figure 3-9. 216-A-10 Crib and 216-A-36B Crib Borehole Location M:
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Figure 3-10. 216-A-19 Trench Conceptual Contaminant Distribution Model.
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sived a total volume of 1.1x10° liters (291,000

gallons) of wastewater via a temporary overiand pipe. The effluent contained uranium,
cesium-137, plutonium, strontium-90, and nitrate. The trench was backfilled with native
material after operations ceased. The site was stabilized with an additional 0.6 m (2 ft) of

clean fill in 1990.

Effluent and contaminants were released into H1. The wetting front and contaminants moved
vertically down beneath the crib. There is little or no lateral spreading as evidenced by the
lack of contamination in borehole 299-E25-10 which is located 18 m (60 ft) west of the trench.

Contaminants that are immobile, such

as cesium-137, sorb to soils near the bottom of the

trench. The highest concentrations are expected near the bottom of the trench. Contaminants
that are moderately mobile, such as strontium-90 and uranium, are present deeper in the

vadose zone. The most mobile contam

inants, such as nitrate, move with the moisture front.

Contaminant data have not been collected within the waste site boundary.

Wastewater and contaminants may not have significantly impacted groundwater as the

effluent volume discharged to the soil
volume (1,232 m®).

column (1,100 m’) does not exceed the soil pore
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Figure 3-11. 216-B-12 Crib Conceptual Contaminant Distribution Model.
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Uranium rich process wastes were discharged to the 216-B-12 Crib between 1952 and 1973. The
crib recei* | a total volume of 5.2x10% L (1.4x10° gal) of waste water.

Effluent and contaminants were released to the environment at the bottom of the wooden
structures into the Ha.

The wetting front and contaminants moved vertically down beneath the crib. There is little or
no lateral spreading.

Contaminants with large contaminant distribution coefficients, such ;esium-137, sorb to
soils with the highest concentrations within 34 ft. of the crib bottom. Contar 1t concentration
generally decreases with depth. Contaminants with moderate contaminant dis tion coefficients,
such as cobalt-60, are present throughout the vadose zone. Contaminants wiui contaminant
distribution coefficients of 0 move with the moisture front and are present in trace amounts

throughout the vadose zone.

If lateral spreading occurs within the vadose zone, it is associated with fine grained lenses
within the Hz and H3.

Waste water and contaminants with moderate to very low distribution coefficients impacted
groundwater since the effluent volume discharged 1o the soil column (520,000 m®) is greater
than the soil pore volume (18,300 m?3).
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Figure 3-13. 216-U-12 Crib Conceptual Contaminant Distribution Model.
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received a total of 1.5x108 liters (4.0x107 gal) of waste water.

Effluent and contaminants were released to the environment from a vitrified clay pipe approximately 17° bgs
within a gravel filled drain field.

The wetting front and contaminants moved vertically down beneath the crib. There Is little or no lateral spreading.

Contaminants such as cesium-137 have large contaminant distribution coetficients and sorb to soils with higher
concentrations within 5 feet of the bottom of the crib. Cesium-137 concentrations generally decrease with depth
and were not detected greater than 59 ft bgs. Uranium, which can have small to moderate contaminant distribution
coefficients was the only other contaminant detected beneath the crib. It is present to a depth of 80 ft and
contaminant concentration generally increase with depth. The 216-U-12 crib is considered analogous to the
216-U-8 Crib, and therefore uranium may be present associated with the Plio-Pleistocene Unit {caliche layer)
and may be distributed throughout the vadose zone with strontium-90, a moderately mobile contaminant.
Contaminants with distribution coefficients of zero move with the moisture front and may be present in trace
amounts throughout the vadose zone.

If spreading occurs within the vadose zone, it is associated with the Plio-Pleistocene Unit and the upper Ringold
Formation.

Wastewater and contaminants with moderate to very low contaminant distribution coefficients impact groundwater.
The effluent volume discharged to the soil column (150,000 m?) is greater than the soil pore volume (1,400 m?)
as evidenced by the tritium, and nitrate in the groundwater in the vicinity of the crib.
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Figure 3-14. 216-A-10 Crib Conceptual Contaminant Distribution Model.
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contained ium, cesium-~137, plutonium, strontium-90, tritium, ame m-_. .., odine-1Z3,

and nitric acid.

Effluent and contaminants were released to the environment from a buried vitrified clay pipe
approximately 9.4 m (31 ft) bgs within a gravel filled drain field in H2. The wetting front and
contlaminants moved vertically down beneath the crib. There is moderate lateral spreading as
ev_i:enced by contamination in borehole 299-E24-60 which is located 6.1 m (20 ft) west of the
crib.

The zone of greatest contamination is detected near the discharge pipe to a depth 27.4 m (90
ft). Contaminants that are immobile, such as cesium-137, sorb to soils near the bottom of the
crib. Cesium-137 concentrations are highest (10,000 pCi/g) 18to 23 m (59" 3 ft) bgs. Contaminants
that are moderately mobile, such as europium-154 and cobalt-60, are .. . sent deeper in the
vadose zone at low concentrations. The most mobile contaminants, such as nitrate, moved with
the moisture front and are present in trace amounts throughout the vadose zone.

If additional lateral spreading occurs within the vadose zone, it is likely to be associated with
the fine grained lenses within the Ha.

Wastewater and mobile contaminants impact groundwater as the effluent volume discharged
to the soil column (3,210,096 m?) is greater than the scil pore volume (28,072 m?) as evidenced
by the tritium, iodine-129, and nitrate in the groundwater.
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Figure 3-15. 216-A-36B Crib Conceptual Contaminant Distribution Model.
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‘ @ Uranjum rich process and ammonia scrubber wastes were dlscharged to the 216—A-36AIB Cribs between 1966 and 1987.
| The gravel filled drain field received a total volume of 3. 17X10° Iners (8. 37x10 gallons) of wastewater through a 15 cm

(6 in. pinal huriad 7 Om (22 #\ hee Tha faw salt, nel - ipeinm 177 nlutgnjum,
‘ H ti 29, m, b] hate i , and
| ammonia. Due to the high inventory of short lived b i~A-36A, the crib was

isolated by grouting 2 10 cm (4 in.) pipe inside of the original 15 cm (6 In.) pipe. The 10 cm (4 In.) pipe was extended to
216-A-36B and perforated. Contamination from 216-A-36A may impact soils on the northern end of the 216-A-36B crib.

@ Effluent and contaminants were released to the environment at the bottom of the crib within H,. The wetting front and
contaminants moved vertically down beneath the crib. There may be significant lateral spreading as indicated by the
elevated hydrogen ion (pH 9-10) and ammonium concentrations (max 353 ppm) 30.5m (100 ft) bgs in boreholes 299-E17-
14, 299-E17-15 and 299-E17-16 which are located approximately 30.5 m (100 ft) east of the waste site.

@ The zone of greatest contamination is detected from the bottom of the crib to a depth of 18.0 m (59 ft). Contaminants
that are immobile, such as cesium-137, sorb to soils near the bottom of the trench. Cesium-137 concentrations are
highest (1 6x10° pCi/g) at a depth of 11 m (36 ft); concentrations decrease with depth to 18.6 m (61 ft). Maximum
concentrations of americum-241 (18,200 pCi/g) and cobait-60 (1,025 pCi/g) were also detected in this zone. Contaminants
that are moderately mobile, and uranium are present deeper in the vadose zone. Strontium-90 is detected to a depth
of 28 m (92 ft). The maximum concentration is about 100,000 pCi/g at a depth of 10 - 12 m (33 - 39 #t). Uranium-235
concentrations were highest (1,225 pCi/g) at the base of the crib. The most mobile contaminants such as nitrate move
with the moisture front and are present in trace amounts in the vadose zone.

@ Lateral spreading may also occur within the vadose zone associated with the fine grained lenses in the H,.

@ Wastewater and mobile contaminants impact groundwater as the effluent volume discharged to the soil column
(318,080 m ) is greater than the soil pore volume (16,327 m’) as evident by iodine-29, tritium, and nitrate in the groundwater.
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Table 3-1. 200-1
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Table 3-6. Summary of Human Health Qualitative Risk Assessment

for the 200-UP-2 Operable Unit. (DOE-RL 1995b)

Industrial-Use Scenario
Waste Site Designation Qualitative Risk faior C . .
Classificatinn® Major Contaminant Major Pathway
216-U-1 and 216-U-2 Medium Cesium-137 External Radiation
~ Crib System Exposure
216-U-10 Pond System® High (radionuclides) Cobalt-60 External Radiation
Cesium-137 Exposure
Europium-154
Sodium-22
Medium (organics) Aroclor-1260 Ingestion
Low (inorganics) Chromium Fugitive Dust Inhalation
216-U-8 Crib System High (radionuclides) Cesium-137 External Radiation
(including 216-U-8 and Exposure
216-U-12) Low (inorganics) Chromium Fugitive Dust Inhalation
216-U-4 French Drain Medium Cesium-137 External Radiation
and 216-U-4a Reverse Exposure
Well System* |

*Very Low = Very Low Qualitative Risk; Incremental Cancel Risk (ICR) < 1E-06

Low = Low Qualitative Risk; 1E-06 < ICR < 1E-04

Medium = Medium Qualitative Risk; 1E-04 < ICR < 1E-02-

High = High Qualitative Risk; ICR > 1E-02
>Qualitative risk classification is based on the highest risk category for chemical contaminant of potential concern
from waste sites characterized by analytical data.
“These waste sites are not part of the 200-PW-2 OU.
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4.0 WORK PLAN APPROACH AND RATIONALE

4.1 SUMMARY OF DATA QUALITY OBJECTIVE PROCESS

The RlI needs for the 200-PW-2 OU were developed in accordance with the DQO process

(EPA 1994a; BHI-EE-01, Environmental Investigations Procedures, Procedure 1.2). The DQO
process is a seven-step planning approach that is used to develop a data collection strategy
consistent with data uses and needs. The goals of the process are to provide the data needed to
refine the preliminary site conceptual model and support remedial decisions.

The DQO process was implemented by a team of subject matter experts and key decision
makers. Subject matter experts provided input on regulatory issues, the history and physical
condition of the sites, and sampling and analysis methods. Key decision makers from DOE,

- Ecology, and EPA participated in the process to develop the characterization approach outlined
in the DQO summary report. The DQO process and involvement of the team of experts and
decision makers provides a high degree of confidence that the right type and quality of data are
collected to fulfill informational needs of the 200-PW-2 decisional process. Results of the DQO
process for characterization of the representative sites and TSD units in the 200-PW-2 OU are
presented in the Remedial Investigation DOQO Summary Report for the 200-PW-2 Uranium-Rich
Process Waste Group Operable Unit (BHI 2000 pending). During the DQO, it was determined

. that the characterization data previously obtained for the 216-U-8 Crib are sufficient to support
the 200-PW-2 RI/FS process without additional data collection. In addition, the 216-U-8 Crib is
considered analogous to the 216-U-12 Crib, and therefore no additional sampling activities at the
216-U-12 Crib are required. Geophysical logging of nearby boreholes for each of these two sites
will, however, be conducted as an efficient means to provide additional data to support
refinement of the conceptual contaminant distribution models. Characterization activities
outlined in this work plan focus on the four remaining representative sites and TSD units
(216-A-19, 216-B-12, 216-A-10, and 216-A-36B).

4.1.1 Data Uses

Data generated during characterization of the re; . sentative si and TSD un  will consist
mainly of soil contaminant data. These contaminant data will t~ "1sed along with existing data
from the 216-U-8 and 216-U-12 representative sites to define th nature and vertical extent of
radiological and chemical contamination, support an evaluation of risks, and assist in the
evaluation and selection of a remedial alternative. By defining the type and vertical distribution
of contamination, the conceptual model for contaminant distribution can be verified or refined.
The lateral extent of contamination is assumed to be confined within the site boundaries.
Geophysical logging results can be used to evaluate the lateral extent of contamination in sites
where existing boreholes are accessible and distant from the planned sampling locations.
Additional evaluation of the lateral extent will be done during the confirmatory sampling phase
as necessary to support remedial design. Verification of the current model will direct the
application of the analogous site concept at the remaining 200-PW-2 waste sites. A limited
amount of data will also be collected to characterize the physical properties of soils that will be
used to support an assessment of risk (e.g., RESidual RADioactivity [RESRAD] dose modet or
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other risk modeling, as required). - Contaminant and soil property data will be obtained by
sampling and analyzing soils.

4.1.2 Data Needs

A considerable amount of information has been presented in Sections 2.0 and 3.0 regarding the
200-PW-2 waste sites. Existing data were sufficient to develop an understanding of radiological
and chemical contaminant distribution for the 216-U-8 Crib and the 216-U-12 Crib. However,
data are insufficient to develop a distribution model for the other four representative sites and
TSD units. The most pertinent existing information was used to develop site-specific conceptual
models for the 216-A-19, 216-B-12, 216-A-10, and 216-A-36B waste sites; additional
information is provided by reference. For the representative waste sites and TSD units (and the
other waste sites in the OU in general), information is available regarding location, construction
design, and major types of waste disposed. For several of the sites (those associated with
200-UP-2 investigation activities) considerable data exist, while at others (216-A-10 and
216-A-36B) soil data exist to a lesser extent or are almost nonexistent (216-A-19 and 216-B-12).
Therefore, data are needed to verify and/or refine the contaminant distribution models at these
four sites. These data are needed to support remedial decision making at these sites and any
analogous sites. As defined by the DQO process, the focus of the 200-PW-2 Rl is to determine
the nature and extent of contamination in the vadose zone within the boundary of the
representative waste sites and TSD units. Specifically, determinations of the type, concentration

" (particularly the highest concentration), and vertical distributi  of radiological and chemical

contamination in the vadose zone at the 216-A-19 Trench, 216-B-12 Crib, 216-A-10 Crib,

and 216-A-36B Crib are the major data needs. Data are also required to determine the physical
properties of soils; these data will provide additional inputs to support an evaluation of risk
through the use of models for fate and transport of contaminants through the vadose zone to
groundwater, exposure to radionuclides, and exposure to chemicals.

4.1.3 Data Quality

Data quality was addressed during the DQO session. The data quantity and quality for the
216-U-8 and 216-U-12 _.ibs were dete  ned to be sufficient to support the  FS process. The
COCs were identified for these sites based on data previc ly  llected under an approved work
plan.

The process of identifying potential COCs is summarized in Section 3.6. Analytical
performance criteria were established by evaluating potential ARARs and preliminary
remediation goals (PRGs), which are regulatory thresholds and/or standards or derived risk-
based thresholds. These potential ARARs and PRGs represent chemical-, location-, and action-
specific requirements that are protective of human health and the environment. Regulatory
thresholds and/or standards or preliminary action levels provide the basis for establishing
cleanup levels and dictate analytical performance levels (i.e., laboratory detection limit
requirements). Detection limit requirements and standards for precision and accuracy are used to
define data quality.
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To provide the necessary data quality, detection limits should be lower than preliminary action
levels. Additional data quality is gained by establishing specific policies and procedures for the
generation of analytical data and field quality assurance/quality control requirements. These
requirements are discussed in detail in the SAP (Appendix B). Analytical performance
requirements are specified in Table 3-6 of the DQO summary report (BHI 2000 per ng) and in
Table B-3 of the SAP. The potential ARARs and PRGs for 200 Area waste sites are discussed in
Sections 4.0 and 5.0 of the Implementation Plan (DOE-RL 1999).

4.1.4 Data Quantity

Data quantity refers to the number of samples collected. The number of samples needed to
refine the site conceptual model and make remedial decisions is based on a biased sampling
approach. Biased sampling is the intentional location of a sampling point within a waste site
based on process knowledge of the waste stream and expected behavior of the potential COC(s).
It is the preferred sampling approach as defined in Section 6.7 ~ of the Implementation Plan
(DOE-RL 1999) for the RI phase. Using this approach, sampling locations can be selected that
increase the chance of encountering the highest contamination in the local soil column.

Sample locations at the representative sites and TSD units were selected based on the preliminary
conceptual models of contaminant distribution presented in the DQO summary report. A single
borehole location in each of the four representative sites and TSD units identified in the previous

. section was selected for sampling. The locations were selected with the goal of intersecting the

highest areas of contamination and to determine the type and vertical extent of contamination at
the representative sites. Because the 216-A-19 Trench being investigated covers a relatively
small area, lateral extent of contamination within the site boundary is not required. At the
216-B-12 Crib, geophysical logging at existir -~ boreholes within the crib will be used to guide
placement of the borehole. At th.. 216-A-10 Crib, geophysical logging at six locations along the
length of the crib will help to determine the location for the borehole. For the 216-A-36B Crib,
lateral extent of contamination within the site boundaries will be evaluated with a borehole and
augmented with geophysical logging. Soil samples will be taken at each representative site and
TSD unit from a deep borehole (to near the groundwater table) and will be collected from
different depths at the waste site to evaluate the vertical extent of ¢~ imination. Extra soil
samples may be collected as warranted by observations such asch s in lithology, visual
indications of contamination, and field screening results. This biased sampling approach was
designed to provide the data needed to meet DQOs for this phase of the VFS process.

4.2 CHARACTERIZATION APPROACH

This section provides an overview of characterization activities that are | nned to collect the
required data identified in the DQO process. These activities include borehole drilling and
sampling and geophysical logging using spectral gamma and neutron moisture tools. Sample
analysis will be conducted by either an onsite or an offsite laboratory under a contract-required
quality program. The sampling strategy is designed to provide access to potentially
contaminated subsurface areas. Sample collection will be guided by field screening and a
sampling scheme that identifies critical sampling depths.
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4.2.1 Geophysical Logging Through Direct Push Holes

The location of the area of highest potential contamination within the 216-A-10 Crib is uncertain
due to the manner in which effluent was discharged to the crib. Therefore, locating the borehole
for this site requires some preliminary geophysical logging activities to target the area of highest
contamination. A series of up to six direct push (e.g., Geoprobe® or cone penetrometer) holes or
drill casings will be installed and logged with a gamma detector. The location of the borehole
will be identified based on the results of this logging. The depth of direct push holes may be
limited based on subsurface conditions (i.e., cobbles, gravel). The holes will be pushed to a
maximum depth of approximately 27 m'(90 ft) bgs (or approximately 14 m [45 ft] below crib
bottom). 14 m (45 ft) below the crib is considered sufficient to locate the zone of highest
contamination, which is expected to be above 27 m (90 ft) bgs as shown in the conceptual
contaminant distribution model for this site (Figure 3-14).

4.2.2 Drilling and Sampling

The 216-A-19 Trench borehole will be drilled and sampled from a location near the center of the
crib to a depth just above the groundwater table (Figure 4-1). Surface geophysical methods will
be used to help locate the trench boundaries. Alternatively, direct push holes or drive casings
may be installed and logged to help determine the area of highest contamination. The 216-B-12
Crib borehole will be located with the support from geophysical logging of existing boreholes

- within the crib (Figure 4-2). The borehole at the 216-A-10 Crib will be located near the direct

push hole with the maximum indication of contamination ba 1 on the geophysical logging as
described in Section 4.2.1 (Figure 4-3). The 216-A-36B Crib borehole will be drilled and
sampled from a location near the north end of the crib to maximize the effects that contaminants
from the adjacent 216-A-36A Crib will have on the vadose zone (Figure 4-3). Each of these four
boreholes will also be drilled to a depth just above the groundwater table. These locations were
chosen to target the areas of maximum contamination within each site. Therefore, the sediments
that will be collected should provide a worst-case scenario for maximum contamination levels at
depth.

The sample collection strategy !  been designed to characterize the vad: ne materials
beneath the sites to the top of the groundwater tab ~ Sampling will generally be 'n at the first
sign of radiological contamination, as determined by field measurements. This contamination is
expected to begin at the historic bottom of the site (i.e., crib or trench bottom), but if
contamination is detected in backfill materials above the waste site bottom, the backfill materials
will also be sampled. Borehole soil samples will typically be collected at more frequent intervals
from the effluent release point (i.e., the bottom of the crib or trench), then at decreasing
frequency with depth. Samples that were identified as critical during the DQO process will also
be collected at 4.6 m (15 ft) bgs. For excavation and disposal sites, the decision-making d th is
4.6 m (15 ft), as directed by Model Toxics Control Act (MTCA) direct exposure requirements.

A 7.6-m (25-ft) bgs sample is also identified as a desirable sample for determining the cost
effectiveness of placing a barrier over a waste site versus the excavation of contaminants. For
containment sites, cost models show that RCRA surface barriers can become more cost effective

® Registered trademark of Kejr, Inc., Salina, Kansas.
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than excavation in the 7.6- to 9.1-m (25- to 30-ft) depth range. Additional samples may be
collected at the discretion of the geologist/sampler based on field screening and geologic
information (e.g., changes in lithology). A detailed sample schedule for each borehole is
presented in the SAP (Appendix B).

All drilling will be via procedures approved by Bechtel Hanford, Inc. or by qualified
subcontractor procedures, and will conform to site-specific technical specifications for
environmental drilling services. The drill rig generally will require a 23-m (75-ft) square pad
with a 5-m (16-ft)-wide access road. Cleaning and decontamination requirements will also be
performed according to Bechtel Hanford, Inc.-approved procedures.

Likely drilling methods for this project include cable tool, sonic, and diesel hammer. The
drilling method must allow the use of a 13-cm (5-in.) outside-diameter split-spoon sampler. Use
of a split-spoon sampler will necessitate compositing the sample over most or all of the sampler
to obtain enough sample volume for analysis. The drilling method must not use any system that
circulates air or water. Air-based drilling methods may compromise the sample collection and
data quality for volatile constituents through the introduction of air to the soils. Controlling
contamination with these methods is difficult, potentially increasing risks to workers. In
addition, the air circulated in these methods may dry out the formation and negatively impact the -
moisture-logging activities. If a drilling method other than cable tool drilling will be used,
Ecology will be notified.

All four boreholes will be drilled to the top of the water table. The maximum total depth of the
investigation below ground surface is approximately as follows: the 216-A-19 Trench will be
76 m (250 ft), the 216-B-12 Crib will be 91 m (300 ft), and both the 216-A-10 Crib and
216-A-36B Crib will be 97 m (320 ft). In the boreholes, the presence of water-saturated soils at
the expected water table elevation will indicate the end of the borehole and will be determined by
the site geologist. Up to three strings of casing may be telescoped to the proposed depth to
minimize the transport of contaminants in the vadose zone from the drilling operations. The
casing size will be of sufficient size to accommodate a split-spoon sampler and geophysical
logging tools to the bottom of the borehole. Downsizing of the casing will be commensurate
withtl  :pected decrease in contamination levels with denth. Actual conditions during drilling
may warrant changes; the changes may be implemen sultat . with and the approval
of the task lead and t]  subcontract technical representative. All casii  will be removed from
the boreholes when drilling and sampling are completed. If required to support Hanford Site
groundwater monitoring needs, boreholes may be completed as wells and samples of
groundwater may be taken. Otherwise, the borehole will be backfilled with bentonite or an
appropriate alternative decommissioning procedure in accordance with WAC 173-160,
“Minimum Standards for Construction and Maintenance of Wells.”

4.2.3 Field Screening
All samples and/or cuttings from the boreholes will be field screened for evidence of

radionuclides. Radioactivity screening of the soils will assist in the selection of sampling
intervals (besides those already identified as critical sampling depths).
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4.2.4 Analysis of Soil

Soil samples via split-spoon samplers will be collected for nonradiological and radionuclide
analysis and the determination of select soil properties. The list of analytes for this investigation
was developed based on an evaluation of all potential contamination that was discharged to the
waste sites. Development of this list of COCs is presented in Section 3.6, Table 3-5, and in the
DQO summary report (BHI 2000 pending). Tables B-3 and B-4 of the SAP (Appendix B) list
details of the analytical methods, holding times, and quality assurance and quality control
procedures for each contaminant. A limited number of samples will also be analyzed to
determine soil physical properties, such as moisture content and particle size.

43  GEOPHYSICAL LOGGING

The four boreholes (described in Section 4.2.2) will be logged with a high-resolution spectral
gamma-ray logging system to provide continuous vertical logs of gamma-emitting radionuclides,
and with a neutron moisture-logging system to identify moisture changes. In addition to the
logging performed on the new borings, spectral gamma logging is proposed in existing wells
near the 216-B-12, 216-U-8, 216-U-12, 216-A-10, and 216-A-36B waste sites. The spectral
gamma logging of existing wells in the vicinity of a waste site can be a cost-effective method of
providing supplemental data on the vertical and lateral distribution of gamma-emitting

- radionuclides, provided that the wells are located sufficiently close to the waste site and are

appropriately constructed (e.g., single well casing in contact with the formation). The spectral
gamma logging system uses instrumentation to identify and quantify gamma-emitting
radionuclides in wells as a function of depth.

The neutron moisture-logging system that measures moisture employs a weak radioactive
neutron source and neutron detector to provide a direct reading of hydrogen atom distribution in
the soil surrounding the borehole. This detector will be used to measure continuous vertical
moisture in the vadose zone.

TI spe . | gamma logs will be used to supplement the laboratory radionuclide data to determine
the vertical distribution of radionuclides in the vadose zone beneath the units and aid in geological
interpretation of subsurface stratigraphy. The deep boreholes will be logged through the casing
prior to the addition of a new casing string and after the well hasr hed total depth. The spectral
gamma logging equipment calibration is conducted annually, and the data acquired during the
calibrations are used to derive factors that convert measured peak area count rate to radionuclide
concentrations in pCi/g. Corrections are applied to the data to compensate for the gamma ray
attenuation by the casing. A list of wells to be logged is identified in the SAP (Appendix B).

Logging runs will be made prior to changing casing sizes and at the total depth of the borehole.
The downhole tools and cable will be subject to the same rules as the drill rig and equipment.
The downhole tools and cable will be cleaned between boreholes. The upper part of each
borehole will be the most contaminated and will be logged first. The site geologist will record
the types of geophysical surveys and the depth intervals of initial and repeat runs on
BHI-EE-181, Well Construction Summary Report form.
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Figure 4-2. Sample Locaﬁon Map for the 216-B-12 Crib.
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The RCRA TSD closure options (i.e., landfill, modified, and clean closure as defined in
Condition I1.K. of the Hanford Facility RCRA Permit) will be determined based on the
alternative selected and the amount of cleanup that can be attained by the alternative. Landfill
closure under RCRA could include the construction of an engineered barrier over the unit and
equates to what is typically termed as a “containment alternative” under CERCLA. A modified
closure option includes alternatives that leave contaminants in place 2bove MTCA Method B
cleanup standards in soil, debris, or groundwater, but below MTCA wlethod C. A clean closure
option requires that all contaminated material and media be removed and decontaminated to
levels below MTCA Method B.

Recent revisions prompted by the EPA and codified in the June 2000 amendments to
WAC 173-303-610(1)(d) for closure/postclosure plans and WAC 173-303-645(1)(e) for
corrective actions allow for alternative requirements for closure, po:  :losure, groundwater
monitoring, or corrective action at TSD units. WAC 173-303-645(1)(e) states:

“The director may, in an enforceable document, replace all or part of the
requirements of this section with alternative requirements for ground water
monitoring and corrective action when he or she determines: (i)A dangerous
waste unit is situated among other solid waste management units or areas of
concern, a release has occurred, and both the dangerous waste unit and one or
more of the solid waste management units or areas of concern are likel* > have
contributed to the release; and (ii) It is not necessary to apply the requirements of
this section because the alternative requirements will prot . human health and
the environment.”

These revisions allow certain TSD units to be addressed-throught! corrective action program
rather than through the TSD closure requirements. This flexibility is intended to reduce the
potential for confusion and inefficiency created by the application of two different regulatory
requirements at the same unit or between units within close proximity of one another. Under
these new provisions, closure and postclosure plans may be eliy * ated as stand-alone documents
in favor of generating a more holistic document that includes the closure/postclosure elements
within t  details of the corrective action requirements at TSD, RPP, and CERCLA past-practice
units. The application of these revised regulations tc _ Js within the 200 Areas of the Hanford
Site will require further discussion between Ecology and DOE and may result in changes to the
integrated RCRA/CERCLA process presented in the Implementation Plan (DOE-RL 1999),
Figure [-1 of this work plan, and this section.

The decision-making process for the 200-PW-2 OU will be based on the use of a proposed plan,
ROD, and Hanford Facility RCRA Permit modification. Based on the FS/closure plan, a
proposed plan will be prepared that identifies the preferred remedial alternative for waste sites
within the OU. The proposed plan will include a draft permit modification with unit-specific
permit conditions for RPP waste sites and the RCRA TSD units within the OU for incorporation
into the Hanford Facility RCRA Permit. The CERCLA ROD will document the RCRA TSD
unit closure and RCRA corrective action decisions for these units. The lead regulatory agency
(Ecology) will prepare the CERCLA ROD following completion of the public involvement
process for the proposed plan, which, after signature by the Tri-Parties, will authorize the
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5.2.2.2 Preparation of Field Reports. At the completion of the field investigation, a field
report will be prepared to summarize the activities performed and the information collected in
the field. The report will include survey data for borehole locations, the number and types of
samples collected and associated Hanford Environmental Information System database numbers,
inventory of IDW containers, geological logs, field screening results, and geophysical logging
results.

5.2.3 Management of Investigation-Derived Waste

Waste generated during the RI will be managed in accordance with a W > to be prepared for
the OU. Appendix E of the Implementation Plan (DOE-RL 1999) provides general waste
management processes and requirements for the IDW and forms the basis for activity-specific
WCPs. The WCP addresses the handling, storage, and disposal of IDW generated during the Rl
phase. Furthermore, the plan identifies governing Environmental Restoration Contractor (ERC)
procedures and discusses the types of waste expected to be generated, the waste designation
process, and the final disposal location. The IDW management task begins at the start of the
field investigation, when IDW is first generated, through waste designation and disposal.

5.2.4 Laboratory Analysis and Data Validation

Soil and sediment samples collected from the boreholes will be analyzed for a comprehensive

- suite of radionuclides and chemicals and for select physical properties based on established
DQOs and as defined in the SAP (Appendix B). The list of analytes, methods, and associated
target detection limits are provided in Tables B2-1 and B2-2 of the SAP (Appendix B). This task
includes the laboratory analysis of samples, the compilation of laboratory results in data
packages, and the validation of a representative number of laboratory data packages.

5.2.5 Remedial Investigation Report

This section summarizes data evaluation and interpretation subtasks leading to the production of
an RI report. The primary activities include performing a data quality assessment (DQA);
evaluating the natu  ex it, and concentration of contaminants based on sampling results;
assessing contaminant fate and transport; refining the site conceptual models; and evaluating
risks through a QRA. These activities will be performed as part of the RI report preparation task.

5.2.5.1 Data Quality Assessment. A DQA will be performed on the analytical data to
determine if the data are the right type, quality, and quantity to support the intended use. The
DQA completes the data life cycle of planning, implementation, and assessment that began with
the DQO process. For this task, the data will be examined to determine if they meet the
analytical quality criteria outlined in the DQO and to determine if the data are adequate to
evaluate the decision rules in the DQO.

5.2.5.2 Data Evaluation and Conceptual Model Refinement. This task will include
evaluating the information collected during the investigation. The chemical and radiological
data obtained from the boreholes will be compiled, tabulated, and statistically evaluated to gain
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Appendix D of the Implementation Plan (DOE-RL 1999) identifies the following remedial action
alternatives as potentially applicable to the 200-PW-2 OU:

No action alternative

Engineered surface barriers with or without vertical barriers
Excavation and disposal with or without soil treatment

Excavation, ex situ treatment, and geologic disposal of transuranic soil
In situ grouting or stabilization

In situ vitrification

e Monitored natural attenuation (with institutional controls).

During the detailed analysis, each alternative will be evaluated against the following criteria:

e Overall protection of human health and the environment
Compliance with ARARs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume through treatment
Short-term effectiveness

Implementability

Cost

e State acceptance.

One additional modifying criteria, community acceptance, will be applied following the FS at the
proposed plan and ROD phase.

NEPA values will also be evaluated as part of DOE’s responsibility under this authority. The
NEPA values include impacts to natural, cultural, and historical resources; socioeconomic
aspects; and irreversible and irretrievable commitments of resources.

The RCRA closure performance standards (WAC 173-303-610[2]) will also be used to evaluate
tl ability of " ernatives to comply with RCRA closure requirements. These standards require
the closure of TSD units in a man1  that achieves the g:

e Minimizes the need for further maintenance

e Controls, minimizes, or eliminates, to the extent necessary to protect human health and the
environment, post-closure escape of dangerous waste, dangerous waste constituents,
leachate, contaminated run-off, or dangerous waste decomposition products to the ground,
surface water, groundwater, or the atmosphere

e Returns the land to the appearance and use of surrounding land areas to the degree possible
given the nature of the previous dangerous waste activity. :
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In addition, RCRA corrective action performance standards (WAC 173-303-646[2]) will be used
to evaluate alternative compliance with RCRA corrective action requirements. These standards
state that corrective action must achieve the following:

e Protect human health and the environment for all releases of dan; ous wastes and dangerous
constituents, including releases from all solid waste management units at the facility

e Occur regardless of the time at which waste was managed at the facility or placed in such
units, and regardless of whether such facilities or unit were intended for the management of
solid or dangerous waste

e Be implemented by the owner/operator beyond the facility boundary where necessary to
protect human health and the environment.

The FS will also include supporting information needed to complete the detailed analysis and
meet regulatory integration needs, including the following:

e  Summarize the RI, including the nature and extent of contamination, the contaminant
distribution models, and an assessment of the risks to help establish the need for remediation
and to estimate the volume of contaminated media

"~ o Refine the conceptual exposure pathway model to identify pathways that may need to be
addressed by remedial action

e Provide a detailed evaluation of AR ARs, beginning with potential ARARs identified in the
Implementation Plan (Section 4.0, - JE-RL 1999)

e Refine potential RAOs and PRGs identified in the Implementation Plan (Section 5.0,
DOE-RL 1999) based on the results of the RI, ARAR evaluation, and current land-use

considerations

o Refinet! list of remedial alternatives, ic 1tifiedin ~ Imple. :n i Plan (Appendix D,
DOE-RL 1999) and in this section, based on the RI

¢ Provide corrective action recommendations for RPPs to fulfill the requirements for a CMS
report

e Include closure plan information to address RCRA TSD units in the OU. The information
will incorporate, by reference, specific sections of the work plan or RI report containing
specific closure plan information. The information will include closure performance
standards, a closure strategy, general closure activities including verification sampling, and
general post-closure information.

Additional RCRA integration guidance for preparing an FS/closure plan is provided in
Section 2.4 of the Implementation Plan (DOE-RL 1999).
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54  PROPOSED PLAN AND PROPOSED RCRA PERMIT MODIFICATION

The decision-making process for the 200-PW-2 OU will be based on the use of a proposed plan,
ROD, and modification to the Hanford Facility RCRA Permit. Following the completion of the
FS/closure plan, a proposed plan will be prepared that identifies the preferred remedial alternative
for the OU (which will include RCRA closure and corrective action réquirements). In addition to
identifying the preferred alternative, the proposed plan will also serve the following purposes:

e Provide a summary of the completed RI/FS.

e Provide criteria by which analogous waste sites within the OU not previously characterized
will be evaluated after the ROD to confirm that the contaminant distribution model for the
site is consistent with the preferred alternative. Contingencies to move a waste site to a more
appropriate waste group will also be developed.

e Identify performance standards and ARARs applicable to the OU.

The proposed plan will also include a draft permit modification with unit-specific permit
conditions for RPPs and the RCRA TSD units for incorporation into the Hanford Facility RCRA
Permit. After the public review process is complete, Ecology (as the lead regulatory agency), in
concert with DOE and EPA, will make a final decision on the remedial action to be taken, which
is documented in a ROD. The Hanford Facility RCRA Permit will subsequently be modified by
Ecology to incorporate the ROD (and subsequent amendments) by reference, authorizing the
RCRA actions.

5.5 POST-RECORD OF DECISION ACTIVITIES

After the ROD and modification to the Hanford Facility RCRA Permit have been issued, a
remedial design report (RDR) and remedial action work plan (RAWP) will be prepared to detail
the scope of the remedial action (which will include RCRA closure and corrective action

requi 1 . As part of this activity,  )Os will be established and SAPs w  be prepared to
direct confirmatory and verification sampling and analysis efforts. Prior to beginning
remediation, confirmation sampling will be performed to ensure that sufficient characterization
data are available to confirm that the selected remedy is appropriate for all waste sites within the
OU, to collect data necessary for the remedial design, and to support future risk assessments, if
needed. Verification sampling will be performed after the remedial action is complete to
determine if ROD requirements have been met and if the remedy was effective. Additional
guidance for confirmatory and verification sampling is provided in Section 6.2 of the
Implementation Plan (DOE-RL 1999).

The RDR/RAWP will include an integrated schedule of remediation activities for the OU,
including the schedule for RCRA TSD unit closure, and will satisfy the requirements for a RPP
corrective measures implementation work plan and corrective measures design report.
Following the completion of the remediation effort, closeout activities will be performed as
specified in the ROD, RDR/RAWP, and the Permit. :
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The RCRA closure activities and schedules will be defined in the FS/closure plan and will be
consistent with those identified in the RDR/RAWP. Enforceable sections of the FS/closure plan
will be stated in the modification to the Hanford Facility RCRA Permit. Certification of closure
in accordance with WAC 173-303-610(6) will be performed after completion of cleanup actions.
The site will be restored as appropriate for future land use. If clean closure is not attained at a
TSD unit, post-closure care requirements will be met. These requirements will include final
status groundwater monitoring, maintenance and monitoring of institutional controls and/or
surface barriers, and certification of post-closure at the completion of the post-closure period.
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6.0 PROJECT SCHEDULE

The project schedule for activities discussed in this work plan is shown in Figure 6-1. This
schedule will serve as the baseline for the work planning process and will be used to measure the
progress of the implementation of this process. The schedule for field activities and the
preparation, review, and issuance of the RI report, the FS/closure plan, and the proposed plan/
proposed permit modification are also shown in Figure 6-1. The schedule concludes with the
preparation of a ROD. Modification of the Hanford Facility RCRA Permit will occur after
issuance of the ROD, during Ecology’s annual modification process.

The portion of the schedule most germane to this work plan and the SAP (Appendix B) are
FY 2001 through FY 2003. One Tri-Party Agreement milestone tF--* has heen completed
involved submittal of Draft A of the work plan to the regulators by wec  er 31, 2000
(Milestone M-13-25). Existing outyear RCRA TSD unit milestones include M-20-33, which
requires submittal of the 216-A-10 Crib and 216-A-36B Crib closure/post:  ;ure plans to
Ecology by October 31, 2003, and M-20-52 and M-20-53, which require s....ittal of the
216-A-37-1 Crib and 207-A South Retention Basin closure/post-clo  re plans to Ecology by
December 31, 2003. The schedule shown in Figure 6-1 proposes new completion dates for these
RCRA TSD milestones in order to align them with completion of the FS/closure plan.
Modifications to major mile: 1e M-20-00 will be proposed at a later date as part of a

~ comprehensive package to address all other remaining M-20 interim milestones.

The following are proposed project milestone completion dates for key activities:
o Complete field activities (M-15-43A) — September 30, 2003*
e Submit Draft A RI report for regulatory review (M-15-43B) — June 30, 2004*

o Submit Draft A FS/closure plan and Draft A proposed plan/permit modification for regulator
review (M-15-43C) — December 31, 2005*.

Interim milestones to be designated under the Tri-Party Agreement will b tablished through
negotiations between the Tri-Parties. A Class II change form will be submutted to Ecology and
EPA to request the addition of any interim milestones. Any updates to the project schedule or
associated milestones will be reflected in the annual work planning process. Currently field
activities are scheduled to begin in FY 2003.

*Target project milestone
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ACRONYMNS
ASTM American Society for Testing and Materials
BHI Bechtel Hanford, Inc.
bgs below ground surface
CFR Code of Federal Regulations
COC contaminant of concem
COPC contaminant of potential concern
L E U.S. Department of Energy
DQO data quality objective
EPA U.S. Environmental Protection Agency
ERC Environmental Restoration Contractor
ES feasibility study
FSP field sampling plan
HEIS Hanford Environmental Information System
ou operable unit
PUREX Plutonium/Uranium Extraction
QAP)P quality assurance project plan
QC quality control '
RCF Radiological Counting Facility
. RCRA Resource Conservation and Recovery Act of 1976
RCT radiological control technician
REDOX Reduction/Oxidation
RESRAD RESidual RADioactivity Dose Model
RI remedial investigation
SAP sampling and analysis plan
TSD treatment, storage, and disposal
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disposed to the crib and is assumed to have infiltrated sediments near the inlet of the crib. To
continue effluent discharge to the crib, it was divided into two sections: 216-A-36A and
216-A-36B. Grout was injected into the gravel layer to form a barrier between the two sections.
Replacement piping was inserted through the original discharge piping, effectively moving the
discharge point further south along the length of the trench into the section that became the
216-A-36B Crib. The 216-A-36B Crib operated from 1966 to 1972 and was reactivated in 1982
for the PUREX Plant restart and remained active until early 1988. During its operational use, it
received ammonia scrubber distillate waste from the 202-A Buildi~~ The caustic nature of the
waste (WT02) resulted in the site being permitted as a RCRA TSD unit. Use of the crib was
later discontinued and the facility backfilled. No stabilization actions have taken place at the
waste site.

B.1.4 Contaminants of Concern

Step 1 of the DQO process identifies the need to develop a list of contaminants of potential
concern (COPCs) for 200-PW-2 OU waste sites. Development of the COPCs is an essential step
towards refining the preliminary conceptual contaminant distribution model to obtain site-
specific models for the representative sites. From an investigation of historical sources including
process documents, logbooks, original plant technical manuals, and interviews of plant operators,
a list of potential contaminants was identified. Screening of this list was conducted during the
DQO to arrive at a final list of 45 COCs for the 200-PW-2 OU. Development of this list is

- described in the 200-PW-2 DQO summary report "~ HI 2000 p.  ling) and is summarized in
Section 3.6 of the work plan. The COCs are identified in Table B-1.

B.1.5 Data Quality Objectives

The U.S. Environmental Protection Agency (EPA) document, Guidance for the Data Quality
Objectives Process (EPA 1994a), was used to support the development of this SAP. The DQO
process is a strategic planning approach that provides a systematic process for defining the
criteria that a data collection design should satisfy. Using the . QO process ensures that the type,
quantity, and quality of environmental data used in decision making will be appropriate for the
intended app! tion.

This section summarizes the key outputs resulting from the implementation of the seven-step
DQO process for the Rl of the OU. Additional details are included in the DQO summary report
(BHI 2000 pending).

B.1.5.1 Statement of the Problem. The 200-PW-2 OU consists of 32 waste sites that received
mostly uranium-rich process drainage, process distillate discharge, and miscellaneous
condensates that were generated at U Plant, REDOX, PUREX, B Plant (i.e., WESF), and the
Semiworks Facility (C Plant) from 1952 through 1988. Twenty-nine of the sites in this group are
RCRA past-practice waste sites and three are RCRA TSD units. Five RCRA past-practice sites
are unplanned release sites. Vadose zone soils and the aquifer have been impacted by effluent
released to the 200-PW-2 waste sites.
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The total number of samples for the waste sites is selected based on the conceptual contaminant
distribution models and the physical setting of the waste sites. The models suggest that the
highest contaminant concentrations should be detected near the bottom of the crib/trench and
decrease with depth. Therefore, a greater frequency of sampling is planned in the zone
immediately below the release point of the contaminants (i.e., the bottom of the cribs/trenches).
Sample frequency will decrease with depth based on the expected distribution of contamination.
Additional samples will be collected at the discretion of the site geologist based on the field
screening data. All drill cuttings and soil samples will be screened as described in Section
B.3.2.2. Field screening will be performed to reduce the potential of overlooking zones of
significant contamination and for worker safety. The optimal sample design for this Rl is
presented in Section B.3.

200-PW-2 OU Rist S Work Plan and RCRA TSD Unit Sampling Plun
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-Table B-2. Decision Rules.

DR # Decision Rule

If the analytical results of the vadose zone soil samples within the geographic boundaries of the
individual 200-PW-2 OU representative and TSD waste sites over the next 5 years meet all of the
following conditions:

e The RESRAD analysis of maximum detected soil sampling results for the radiological COCs in the
200-PW-2 OU representative waste site vadose soils do not exceed the annual exposure limits for
human health protection.

e The fate and transport analysis (TBD) of the maximum detected soil sampling results for the
radiological COCs inthe 2 PW-2 OU representative waste site vadose sc  do not exceed the
annual exposure limits for protection of groundwater.

1&2 . .

o  The analytical results of the 200-PW-2 OU representative waste sites indicate that maximum
detected values do not exceed the respective nonradiological CC  preliminary action levels for
direct exposure.

» The analytical results of the 200-PW-2 OU representative waste site vadose soils indicate that the
maximum detected values do not exceed the respective nonradiological COC preliminary action
levels for protection of groundwater.

Then evaluate for site closure with no remedial action. If any of these conditions are not met, then
evaluate the need for conventional remedial action alternatives within a feasibility study/closure plan,
or evaluate a streamlined approach to site closure to be applied administratively via an existing record
of decision.

If the maximum detectea values indicate that the contam  tion distributicn 2nd physical charucieristics
in the 200-PW-2 OU waste sites do not differ significantly from the prelin  iry conceptual
contaminant distribution model, then the preliminary conceptual contaminant distribution model will
not be revised prior to use for remedial decision making or remedial action planning.

If the maximum detected values indicate that the contamination distrib "~ n and physical properties in
the 200-PW-2 OU waste sites differ significantly from the preliminary conceptual contaminant
distribution model, then the preliminary conceptual contaminant distribution model will be revised
prior to use for remedial decision making or remedial action planning.

*The use of the term “remedial action” is 1 ively to refer to one of the described in the project objectives
discussion. The selection of the appropriate alternative action is beyond the sc¢ QO st ry report.

DR = decision rule

TBD = to be determined
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e BHI-SH-05, Industrial Hygiene Work Instructions
e BHI-EE-10, Waste Management Plan

e BHI-RC-01, Radiation Protection Program Manual

e BHI-RC-04, Radiological Control Work Instructions

e Hanford Site Radiation Control Manual (DOE-RL 1996b)

o Specification for environmental drilling services specific to 200-PW-2

e Sampling Services Procedures Manual, ES-SSPM-001, Rev. 0, Procedure 2-5,
“Laboratory Cleaning of Sampling Equipment,” Waste Manag:  ent Northwest
(WMNW 1998).

B.2.7.1 Sample Location. Sample locations (e.g., geophysical surveys and bor oles) will be
staked and labeled before starting the activity. Locations will be staked by the technical lead or
field team leader assigned by the project manager. After the locations have been staked, minor
adjustments to the location may be made to mitigate unsafe conditions, avoid structural
interferences, or bypass utilities. Locations will be identified during or after sampling following
. BHI-EE-01, Procedure 1.6, “Survey Requirements and Techniques.” Changes in sample
locations that do not impact the DQOs will require approval of the project manager. However,
changes to sample locations that result in impacts to the DQOs will require lead regulator
concurrence.

B.2.7.2 Sample Identification. The ERC Sample and Data Tracking database will be used to
track the samples through the collection and laboratory analysis process. The HEIS database is
the repository for the laboratory analytical results. ..ie HEIS s: nt  bers will be issued to
the sampling organization for this project in accordance with B ~01, Procedure 2.0,
“Sample Event Coordination.” Each chemical/radiological and physical properties sample will
be identified a1 ~ labeled with a unique F'7'S sample number. The sample I tion, depth, and
corresponding HEIS numbers will be documented in the sampler’s field 1- ~book.

Each sample container will be labeled with the following information using a waterproof marker
on firmly affixed, water-resistant labels:

e HEIS number

e Sample collection date/time

e Name/initials of the person collecting the sample
* Analysis required

e Preservation method, if applicable.

200-Pw-2 OU RIFS Work Plan and RCRA 15D Unit Sampling Plan
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B.2.7.3 Field Sampling Log. All information pertinent to field sampling and analysis will be
recorded in bound logbooks in accordance with BHI-EE-01, Procedure 1.5, “Field Logbooks.”
The sampling team will be responsible for recording all relevant sampling information including,
but not limited to, the information listed in Appendix A of Procedure 1.5. Entries made in the
logbook will be dated and signed by the individual who made the entry.

B.2.7.4 Sample Custody. A chain-of-custody record will be initiated in the field at the time of
sampling and will accompany each set of samples (cooler) shipped to any laboratory in
accordance with BHI-EE-01, Procedure 3.0, “Chain of Custody.” The analyses requested for
each sample will be indicated on the accompanying chain-of-custody form. Chain-of-custody
procedures will be followed throughout sample collection, transfer, analysis, and disposal to
ensure that sample integrity is maintained. Each time responsibility for custody of the sample
changes, the new and previous custodians will sign the record and note the date and time. The
sampler will make a copy of the signed record before sample shipment and transmit it to ERC
Sample Management within 24 hours of shipping, as detailed in HI-EE-0I, Procedure 2.1,
“Sampling Documentation Processing.”

A custody seal (i.e., evidence tape) shall be affixed to the lid of each sample jar. The container
seal will be inscribed with the s:  pler’s initials and the date and then sealed. Though not
anticipated at these sites, if sample jars are collected inside a glovebag or glovebox because of
contamination levels and “bagged out,” the evidence tape may be affixed to the seal of the bag or
. box to demonstrate that tampering has not occurred. This will eliminate problems associated with
contaminated soils adhering to the custody tape while inside the glovebox.

B.2.7.5 Sample Containers and Preservatives. Level [ EPA pre-cleaned sample containers
will be used for soil samples collected for chemical and radiological analysis. Container sizes
may vary depending on laboratory-specific volumes needed to meet analytical detection limits.
If, however, the dose rate on the outside of a sample jar or the curie content exceeds levels
acceptable by an offsite laboratory, the sampling lead and task lead can send smaller volumes to
the laboratory after consultation with ERC Sample Man 1ent to determine  :ceptable
volumes. Smaller sample volumes may not be able to meet QA/QC requirements as discussed in
Table B-3. Preliminary container types and volumes are identified in Table B-4. Final types and
volumes will be provided in the Sample Authorization Fi

B.2.7.6 Sample Shipping. The outside of each sample jar+ 1 be surveyed by the radiological
control technician (RCT) to verify that the container is free of smearable surface contamination.
The RCT will also measure the radiological activity on the outside of the sample container
(through the container) and will mark the container with the highest contact radiological reading
in either disintegrations per minute (dpm) or millirems per hour (mrem/hr), as applicable. Unless
pre-qualified, all samples will have total activity analysis performec y the Radiological
Counting Facility (RCF), 222-S Laboratory, or other suitable onsite laboratory, before shipment.
This information, along with other data that may pre-qualify the samples, will be used to select
proper packaging, marking, labeling, and shipping paperwork in accordance with U.S. Department
of Transportation regulations (49 CFR), International Air Transport Association requirements,
and to verify that the sample can be received by the offsite analytical laboratory in accordance
with the laboratory’s acceptance criteria. The sampler will send copies of the shipping
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documentation to ERC Sample Management within 24 hours of shipping, as detailed in
BHI-EE-01, Procedure 2.1, “Sampling Documentation Processing.”

As a general rule, samples with activities <1 mR/hr will be shipped to an offsite laboratory.
Samples with activities between 1 mR/hr and 10 mR/hr may be shipped to an offsite laboratory;
samples with activities in this range will be evaluated on a case-by-case basis by ERC Sample
Management. Samples with activities >10 mR/hr will be sent to an onsite laboratory arranged by
Sample Management. Potential impacts of onsite laboratory measurements are discussed in
footnote a of Table B-3.
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Table B-4. Sample Preservation, Container, and Holding Time Guidelines. (2 Pages)

Analytes A;;:)):iltcyal Matrix PnuuTl:jr l”;-— Amount™"* [T’reservation Re::icrl:ll;:%nts Holding Time
Particle size None
distribution — 18 Soil ] G/P 100-4000 g l None None established for
ASTM D422 ~=~lysis

*Optimal volumes, which may be adjusted downward to accommodate the possibility of retrieval of small amount of sample. Minimum sample

size will be defined in the Sampling Authorization Form.

®Shoutd samples be liquid rather than soils, the following volumes need to be collected:

Radionuclides - 4 L for all radionuclides (except carbon-14, tritium, and technetium-99; they requir= approximately 500 mL each sample).
Chemicals — All liquid samples require the amount as listed for soil samples. Preservation and hol 3 times are also affected if liquid
samples are collected. Consult ERC Sample Management stafT for details.

“Mixed soil samples may be obtained and submitted to the analytical laboratory for analyses for specific analytes, including the following:
Radionuclides — 100 g of soil for ali radionuclides (except carbon-14, tritium, and technetium-99; they require approximately 10 g each
sample).

Chemicals ~ A 10-g soil sample is required for all ICP analysis, 10-g soil sample is required for IC anion analysis, 5-g soil sample for
hexavalent chromium analysis, 10-g soil sample for CA analysis, 10-g soil sample for 8015 analysis, and 125-g soil samples for each 8270
and TOC analyses. ’

Note: Vessel must be sealed.

aG = amber glass

\P = as soon as possible
G = glass
p = plastic

TBD = to be determined
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B.3  FIELD SAMPLING PLAN
B.3.1 Sampling Objectives

The primary objective of the field sampling plan (FSP) is to identify and describe sampling and
analysis activities that will be conducted to resolve decision rules identified in Step 5 of the DQO
process (see Section B.1.2.2). Decision rule statements indicate that remedial action may be
necessary if preliminary action levels and annual exposure protection limits are exceeded. The
FSP uses the sampling design proposed in Step 7 of the DQO process and describes pertinent
elements of the sampling program. Sample methods, procedures, Ic  ions, frequencies,
parameters of interest, and bottle requirements are identified in this section.

A borehole will be drilled through each of the representative sites identified in the DQO as
needing additional data to support the RUFS or TSD closure processes: the 216-A-19 Trench,
the 216-B-12 Crib, the 216-A-10 Cnib, and the 216-A-36B Cnb. T :boreholes will be drilled to
the top of groundwater and soil samples will be collected through the vadose zone for laboratory
analysis. Physical property samples will be collected at major lithologic changes and as
determined by the site geologist. The boreholes will be geophysically logged for gamma-
emitting radionuc!” *=s and neutron moisture content. A spilt-spor  sampler will be the primary
sampling device used to collect the samples from the boreholes. The locations of planned and
existing boreholes are shown in Figures B-1 through B-3.

‘ B.3.2 Field Measurements

B.3.2.1 Surface Radiation Survey. A surface radiation survey will be performed at each waste
site to be investigated to document existing surface contamination and to support preparation of
supporting health and safety documentation. Surface radiation surveys will be conducted by
qualified RCTs in accordance with applicable health and safety procedures. A survey report will
be prepared for each site. Surveys will be performed according to BHI-EE-05,F cedure 2.22,
“Operation of the Global Positioning Environmental Radiological Surveyor (GPERS-11),” and
Procedure 2.5, “Operation of the Mobile Surface Contamination Monitor I1,” or other applicable
approved procedures. A post-samplir ~ survey will alsol _ formed at each sampling site to
ensure that mplit  activities have not contributed to surface contamination. '

B.3.2.2 Soil Screening. All samples and cuttings from boreholes ‘Il be field screened for
evidence of radioactive contamination by the RCT or other qualified personnel. Surveys of these
materials will be conducted visually and with field instruments. Potential screening instruments
are listed in Table B-5 with their respective detection limits. The RCT will record all field
measurements, noting the depth of the sample and the instrument reading.

Prior to drilling, a local area background reading will be taken wi  the field screening
instruments at a background site to be selected in the field. Field screening will be used to
identify the bottom of the waste site (i.e., crib/trench) and adjust sampling oints, assist in
determining sample shipping requirements, and support worker health and safety monitoring.
The site geologists will use professional judgment, screening data, and the information provided
in Tables B-6 through B-9 to finalize sampling decisions. :
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Radiological and nonradiological analytes of interest are presented in Table B-3. If sample
volume requirements cannot be met, samples will be collected according to the priority presented
in Table B-4. Radiological and nonradiological samples will always take precedence over
physical property samples.

Physical property samples will be collected from the boreholes to provide site-specific values to
support the RESidual RADioactivity (RESRAD) dose model or other modeling efforts. Soil
properties of interest are moisture content, grain-size distribution, and soil density. Samples for soil
density shall generally be collected with a split-spoon sampler equipped with four separate lexan
liners. Samples will be analyzed in accordance with the ASTM methods listed in Table B-4 (ASTM
1993) or in accordance with approved field procedures. The physical property samples will be
collected from lithologies that represent the major facies in the vadose zone as identified in

Tables B-6 and B-9. The samples will be collected coincident with nonradiological and radiological
split-spoon sample intervals, where possible.

Investigation-derived waste generated during this activity will be handled according to
procedures in Section B.2.7 and the waste control plan.

B.3.3.2 Pre-Shipment Sample Screening. A representative portion of each sample to be
shipped to an offsite laboratory will be submitted to the RCF, 222-S Laboratory, or other suitable
onsite laboratory for total activity analysis prior to shipment. Total activities w be utilized for
sample pre-shipment characterization. Samples that slightly exceed the offsite laboratory

" criterion discussed in Section B.2.7.6 may be reduced in volume to allow offsite shipment. Onsite
and offsite laboratories will be identified prior to initiating field activities and will be mutually
acceptable to the ERC’s Sample and Data Management group and to the task lead.

B.3.3.3 Summary of Sampling Activities. A summary of the number and types of samples to
be collected at all four waste sites is presented in Table B-10.

B.3.4 Geophysical Logging

The planned boreholes and selected existing boreholes will be geophysically logged with the
high-resolution spectral gamma-ray logging system toas s the :al  stribution and
concentration of gamma-emitting radionuclides. Soil moisture will also be assessed using a
neutron logging tool for all new boreholes only. These methods are :s  »ed in Section 4.3 of
the work plan. The new boreholes will be logged prior to telescoping of casing and before
decommissioning activities. The starting point for logging will be recorded; this is usually
ground surface or top of casing. The site geologist will witness logging runs and verify before
and after field calibrations and repeat log intervals. The list of boreholes and wells that will be
logged with the spectral gamma logging system is presented in Table B-11. These wells
represent data collection points in the vicinity of the individual waste sites. Logging of these
wells will provide additional, updated, site-specific information on gamma contaminant
distribution, both laterally and vertically in the area of the waste sites.

The location of the area of highest potential contamination within the 216-A-10 Crib is uncertain
due to the manner in which effluent was discharged to the crib. Therefore, locating the borehole
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for this site requires some preliminary geophysical logging activities to target the area of highest
contamination. A series of up to six direct push (e.g., Geoprobe® or cone penetrometer) holes or
drill casings will be installed and logged with a gamma detector. The location of the borehole
will be identified based on the results of this logging. The depth of direct push holes may be
limited based on subsurface conditions (i.e., cobbles, gravel). The holes will be pushed to a
maximum depth of approximately 27 m (90 ft) bgs (or approximately 14 m [45 ft] below crib
bottom). 14 m (45 ft) below the crib is considered sufficient to locate the zone of highest
contamination, which is expected to be above 27 m (90 ft) bgs as shown in the conceptual
contaminant distribution model for this site (see Figure 3-14 of the work plan).

B.3.5 Surveying

The location of all new boreholes will be surveyed after the sampling and decommissioning
activities are completed. Surveys will be performed according to BHI-EE-01, Procedure 1.6,
“Survey Requirements and Techniques.” Data will be recorded in the North American Vertical
Datum of 1988 (NAVD 1988) and the Washington State Plane (South Zone) North American
Datum of 1983 (NAD 1983), with the 1991 adjustment for horizontal coordinates. All survey
data will be recorded in meters and feet.

® Registered trademark of Kejr, Inc., Salina, Kansas.
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Figure B-1. Location of Planned and Existing Boreholes and Wells
at the 200-PW-2 216-A-19 Trench.

®

299-E265
299-E26-56,

299-E25-10,

& .7 [ ] 200-PW-2 Waste Sites

& Existing Groundwater Monitaring
Wells or Boreholes

@ Planned Borehole
Roads

M.

120 140 |

60
== —— = = %
lo f100 1200 300 ®

@
®©
®
©
®
@ @ &
[
@
@
]
299-£26-57,
| 299-E26-64,
- 2 1 6'A'1 9
C3245 <D16-A-20
@
@ ®

w £ ® o :
% o o
Note: Final borehol  )cation will be

__ based upon geophy..al survey data
" --or geoprobe boring.

BHI:maa 06/27/00 /home/maaye/amlshuwaste_borehole2e <both> Plotted 22-JAN-2001 Rev 4

200-PW-2 OU RI/FS Work Plan and RCRA TSD Unit Sampling Plan

May 2001

B-29












DOE/RL-2000-60

Appendix B — Sampling and Analysis Plan Rev. 0
Figure B-5. Approximate Sampling Intervals in the 216-B-12 Borehole.
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Figure B-6. Approximate Sampling Intervals for the 216-A-10 Borehole.
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Figure B-7. Approximate Sampling Intervals for the 216-A-36B Borehole.
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B.4 HEALTH AND SAFETY

All field operations will be performed in accordance with BHI health and safety requirements
outlined in BHI-SH-01, ERC Safety and Health Program, and in accordance with the
requirements of the Hanford Site Radiological Control Manual (DOE-RL 1996b). In addition, a
work control package will be prepared in accordance with BHI-MA-02, ERC Project
Procedures, which will further control site operations. This package will include an activity
hazard analysis, site-specific health and safety plan, and applicable radiological work permits.
BHI-FS-01, Volume 1, Procedure 2.4, “Pre-Job Walkdowns, 1z:__ Identification, and
Analysis,” will also be used during work control package preparation.

The sampling procedures and associated activities will take into consideration exposure
reduction and contamination control techniques that will minimize the radiation exposure to the
sampling team as required by BHI-QA-01, ERC Quality Program, and BHI-SH-01.
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