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Executive Summary

This feasibility study (FS) addresses 16 Comprehensive Environmental Response,
Compensation, and Liability Act of 19801 (CERCLA) past practice liquid waste disposal
sites within three operable units (OUs)—the 200-PW-1, 200-PW-3, and

200-PW-6 OUs—which are located in the 200 West and 200 East Areas of the

Hanford Site within the industrial land use boundary. The purpose of this FS is to develop
a comprehensive, defensible, and balanced analysis of remedial alternatives—cleanup
actions—that adequately address the risks to human health and the environment from the

soil contamination associated with these waste sites.

Three contaminant impact assessments typically included as part of the remedial
investigation (RI) phase of the RI/FS—the baseline risk assessment, the ecological risk
assessment, and the fate and transport evaluation for groundwater protection—were

completed during the FS phase and are therefore included as appendices to this report.

Previous remedial action at these OUs consists of an Expedited Response Action to
address high concentrations of carbon tetrachloride in the vadose zone beneath several
200-PW-1 OU sites (216-Z-1A, 216-Z-9, and 216-Z-18) using soil vapor extraction
(SVE). This action was initiated in 1992 and continues through the present time.
Removal of the abovegrade structures at the 216-Z-9 Trench was initially planned to be
addressed as a removal action; these structures are now included in this FS for the

200-PW-1 OU.

The final soil contaminants of potential concern (COPCs) that are considered to be

principal threat contaminants include the following:

e Plutonium-239/240, americium-241, and cesium-137 (based on toxicity and

baseline risk results)
e (Carbon tetrachloride and methylene chloride (based on toxicity and mobility)

The remaining final COPCs (neptunium-237, radium-226, cadmium, manganese, and
thallium) are considered to be low-level threat contaminants. Technetium-99 and nitrate

were retained as potential threats to the groundwater. Additional sampling for mobile

1 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq.
Available at: http://uscode.house.gov/download/pls/42C103.txt.
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contaminants is warranted to improve the approximate distribution of these contaminants

in the vadose zone and to improve estimates of the potential threat to the groundwater.

Evaluation of an unrestricted land use scenario was used as the basis for determining the
need to take remedial action. The three contaminant impact assessments concluded that
with no remedial action, and under an assumed unrestricted land use scenario at the
locations of the 200-PW-1, 200-PW-3, and 200-PW-6 waste sites, there could be risks
above the CERCLA acceptable risk range to future human populations. Carbon
tetrachloride and other potential contaminants could continue to migrate downward and
contaminate groundwater above CERCLA response levels. There is no identified or

projected ecological risk.

The 200-PW-1, 200-PW-3, and 200-PW-6 waste sites are all located within the
approximately 52 km? (20 mi?) Central Plateau area that has been designated as an
industrial land use area for the treatment, storage, and disposal of hazardous, dangerous,
radioactive, and nonradioactive wastes, and related industrial activities. The industrial
land use area was officially designated in DOE/EIS-0222-F, Final Hanford
Comprehensive Land Use Plan Environmental Impact Statement,? and its accompanying
64 FR 61615, “Record of Decision: Hanford Comprehensive Land Use Plan
Environmental Impact Statement (HCP EIS).”3

Because the current and the reasonably anticipated future land use for the 200-PW-1,
200-PW-3, and 200-PW-6 areas at the completion of remediation is industrial use,

a industrial worker scenario was used to guide the development of remedial action
objectives (RAOs) and formulation of remedial action alternatives. The industrial worker
exposure scenario assumes that the workplace is the key source of contaminant exposure
with 6 hours per day spent indoors and 2 hours per day spent outdoors for 250 working
days per year and a 25-year exposure duration. Potential routes of exposure to soil

include direct external exposure, incidental soil ingestion, and inhalation of dust

2 DOE/EIS-0222-F, 1999, Final Hanford Comprehensive Land Use Plan Environmental Impact Statement,
U.S. Department of Energy, Washington, D.C. Available at:
http://www5.hanford.gov/arpir/?content=findpage&AKey=D199158842.
http://www5.hanford.gov/arpir/?content=findpage&AKey=D199158843.
http://www5.hanford.gov/arpir/?content=findpage&AKey=D199158844.
http://www5.hanford.gov/arpir/?content=findpage&AKey=D199158845.
http://www5.hanford.gov/arpir/?content=findpage&AKey=D199158846.
http://www5.hanford.gov/arpir/?content=findpage&AKey=D199158847.

364 FR 61615, “Record of Decision: Hanford Comprehensive Land Use Plan Environmental Impact Statement
(HCP EIS),” Federal Register, Vol. 64, No. 218, pp. 61615-61625, November 12, 1999. Available at:
http://gc.energy.gov/NEPA/nepa documents/rods/1999/61615.pdf.
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generated from wind or maintenance activities. The routes of industrial activity exposure
were conservatively estimated to occur from ground surface to a depth of 4.6 m (15 ft), to
accommodate the possibility of occasional subsurface construction or maintenance

activities along utility corridors by workers as part of the industrial scenario.

The RAOs (Figure ES-1) were established to evaluate whether the remedial alternatives

achieve compliance with potential applicable or

RAO 1. Prevent or mitigate unacceptable risk

relevant and appropriate requirements (ARARs) 16 Hiifan healfh a6d Seoloaisal TEgEnisS

and/or an acceptable reduction of risk for the associated with radiological exposure to wastes
or soil contaminated above risk-based criteria
industrial worker scenario. A range of remedial by removing the source or eliminating
. . ) the pathway.
alternatives applicable to source control actions RAO 2. Prevent or mitigate unacceptable risk

to human and ecological receptors associated
with nonradiological exposure to wastes or soil
contaminated above risk-based criteria by
removing the source or eliminating

at the waste sites were developed and evaluated

to protect human health and the environment as

stated in the RAOs. In addition, the the pathway.
. . RAO 3. Control the sources of potential
development of remedial alternatives also groundwater contamination to support the
; : Central Plateau groundwater goal of restoring
considered the feedback obtained from an early and protecting the beneficial uses of

groundwater, including protecting the Columbia

involvement public workshop that was held on e e

April 15,2008, to present draft remedial

) ) Figure ES-1. Remedial Action Objectives
alternatives for the 200-PW-1 OU waste sites.
As a result of that workshop, the Hanford Advisory Board issued Consensus Advice #207
on June 6, 2008, containing considerations that the Board believes are important to the
development of the Proposed Plan for this OU. This FS report incorporates the criteria
provided by the Board and the remedial alternatives evaluated in this FS are summarized

in Table ES-1.

All of the remedial alternatives, except the No Action Alternative, include several

common components, including the following:

e Institutional controls, long-term monitoring, and maintenance will be required

where residual contamination remains above cleanup acceptable risk levels.

e Soil vapor extraction will be required to continue at 216-Z-1A Tile Field,

216-Z-9 Trench, and 216-Z-18 Crib

e  Waste sites remediated under Removal, Treatment and Disposal (RTD) will be

sampled to confirm that cleanup goals have been achieved

vii
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e Sampling of technetium-99 and/or nitrate will be required at some sites to
determine if action is required.
e Sludge will be removed from the Settling Tanks and then they will be grouted.

e No Action is required at the 216-Z-8 French Drain and 216-Z-10
Injection/Reverse Well.

e Environmental surveillance and groundwater monitoring would be performed to

ensure the remedy is protective of HHE.

Table ES-1. Remedial Alternatives Evaluated for 200-PW-1, 200-PW-3, and 200-PW-6 OUs

Alternative Description

“No Action” The National Contingency Plan (NCP) requires consideration of a No Action
Alternative. This alternative would leave a waste site “as-is” in its current state,
with no additional remedial activities or access restrictions.

Alternative 1—Barrier ~ This alternative provides no treatment for radionuclides, but prevents and
controls exposure to hazardous substances through engineering controls and
institutional controls to protect human health and the environment.

Alternative 2—In Situ This alternative uses in situ vitrification to reduce the mobility of hazardous
Vitrification (ISV) substances as a principal element. It is primarily considered applicable for the
200-PW-1 OU waste sites that contain plutonium and americium. Institutional
controls are also a component of this alternative at waste sites where the
treatment process leaves residual contamination that will require
long-term controls.

Alternative 3— This alternative removes waste site soil, sludge, and/or debris, treating it as

Removal, Treatment  necessary to meet ARARSs, and then disposing of it at Hanford (Environmental

and Disposal (RTD) Restoration Disposal Facility [ERDF]) or offsite (Waste Isolation Pilot Plant
[WIPP]) as appropriate.

Five RTD options, listed below, were developed to achieve different removal
objectives. For the RTD options that leave residual contamination above risk
levels, institutional controls and evapotranspiration barriers are incorporated as
components to protect human health and the environment.

RTD Option 3A Remove the highest concentrations of contaminated soils to 0.6 m (2 ft) below
the base of a waste site.

RTD Option 3B Remove contaminated soils that could be a direct contact risk to industrial
workers and that are less than 4.6 m (15 ft) below the current ground surface.

RTD Option 3C Remove a significant portion of plutonium contamination based on an evaluation
of soil contaminant concentration with depth. A significant portion of Cs-137
contamination would be removed at the Cs-137 waste sites based on a
similar evaluation.

RTD Option 3D Remove contaminated soils containing greater than 100 nCi/g of transuranic
radionuclides.

RTD Option 3E Remove contaminated soils with greater than a 10" risk level so that long-term
institutional controls at a waste site are not necessary.

viii
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The remedial alternatives were evaluated with respect to the first seven of the nine
CERCLA criteria (EPA/540/G-89/004, Guidance for Conducting Remedial Investigations
and Feasibility Studies Under CERCLA)* in a detailed analysis (Chapter 6.0) and in a

comparative analysis (Chapter 7):

e Threshold Criteria

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

e  Balancing Criteria

— Long-term effectiveness and permanence

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

— Implementability

—  Cost

The key findings of these FS evaluations are the following:
e Alternatives 1, 2, and 3 are protective and would comply with potential ARARs.

e Alternatives 1, 2, and 3 require long-term institutional controls for residual
contamination, except for Alternative 2 at the Low-Salt waste sites and the
Alternative 3 RTD options where excavation from 6.7 to >27.4 m (22 to >90 ft)
at some waste sites would be required before institutional controls are not

necessary for long-term protection of human health and the environment.

The remedial action footprint from waste site excavation, soil stockpile, and haul roads,
contaminated soil handled, and backfill volumes required, the short-term impacts to
remedial action workers and the environment, implementability issues, and costs all
increase with RTD depth in Alternative 3 without a proportionate increase in long-term

effectiveness and permanence.

The remedial alternatives, which are summarized in Table ES-2 and the Proposed Plan
(DOE/RL-2009-117, Proposed Plan for 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6

Operable Units),® consider the key trade-offs between the remedial alternatives identified

4 EPA/540/G-89/004, 1988, Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA, Interim Final, OSWER Directive 9355.3-01, Office of Emergency and Remedial Response,

U.S. Environmental Protection Agency, Washington, D.C. Available at:
http://epa.gov/superfund/policy/remedy/pdfs/540g-89004-s.pdf.

5 DOE/RL-2009-1 17, in process, Proposed Plan for 200-CW-5, 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units,
U.S. Department of Energy, Richland Operations Office, Richland, Washington.
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The two CERCLA modifying criteria (State acceptance and Community acceptance) will

be evaluated by the U.S. Environmental Protection Agency (EPA) and the

U.S. Department of Energy (DOE) through the public review process of the Proposed

Plan (EPA/540/G-89/004) and documented in a Record of Decision for the 200-CW-5,
200-PW-1, 200-PW-3, and 200-PW-6 OUs. In addition, specific pipelines connected to

the waste sites would be remediated as a part of the remedial decision for these four OUs.

Table ES-2. Comparative Analysis Summary for the 200-PW-1, 200-PW-3, and 200-PW-6 Sites

Threshold Criteria

Balancing Criteria
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Alternatives 825 = 9Eg g2 & £ Se ¢
High-Salt Waste Group
216-Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-18 Crib
No Action No No Not Ranked"® $0
Barrier Yes Yes ) 0 O 0 $19.1
ISV Yes Yes 0 0° 0 @ $94.0
RTD Option A Yes Yes 0 0° ') 0 $112
RTD Option B Yes Yes 0 0° 0 0 $77.5
RTD Option C Yes Yes 0 0° 0 0 $642
RTD Option D Yes Yes 0 0° 0 O $917
RTD Option E Yes Yes O 0° 0 @ $896
Low-Salt Waste Group
216-Z-1&2 Cribs, 216-Z-3 Crib, 216-Z-12 Crib and 216-Z-5 Crib
No Action No No Not Ranked® $0
Barrier Yes Yes 0 @ O O $10.1
ISV Yes Yes 0 @ 0 @ $23.7
RTD Option A Yes Yes ) @ 0 0 $61.8
RTD Option C Yes Yes O @ 0 0 $81.4
RTD Option D Yes Yes O @ 0 ® $81.4
RTD Option E Yes Yes O @ 0 0 $81.4
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Table ES-2. Comparative Analysis Summary for the 200-PW-1, 200-PW-3, and 200-PW-6 Sites

Threshold Criteria Balancing Criteria
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Cesium-137 Waste Group
216-A-7 Crib, 216-A-8 Crib, 216-A-24 Crib, 216-A-31 Crib and UPR-200-E-56 Unplanned Release

No Action No No Not Ranked ° $0

Barrier (ET) Yes Yes 0 ® O O $12.2
Barrier (MEESC) Yes Yes 0 © O O $11.1
RTD Option B Yes Yes 0 ) 0 0 $19.6
RTD Option C Yes Yes 0 ® 0 0 $29.1

Settling Tanks
241-Z-361 Settling Tank and 241-Z-8 Settling Tank

No Action No No Not Ranked® $0
_I?;lﬁ(—ciﬁggrse Yes Yes O & 0 0 $39.6
Other
216-Z-8 French Drain and 216-Z-10 Reverse Well

No Action Yes Yes Not Ranked $0.16
Barrier Not Evaluated

ISV Not Evaluated

RTD Not Evaluated

a. These cost estimates are based on the best available information for the site-specific anticipated remedial
actions. The costs are expected to range from -30 percent to +50 percent of these estimated values. Major
changes to remedial action scope can result in remedial action costs outside of this range. Present worth
calculations are based on 1,000 years.

b. The No Action Alternative is not ranked because it does not meet the threshold criteria.

c. Carbon tetrachloride and other volatile organic compounds removed by soil vapor extraction are subject
to treatment.

d. Disposal costs to the Waste Isolation Pilot Plant (WIPP) are included here. Costs for confirmatory
sampling (about $30 million) for mobile contaminants and pipeline removal costs (about $4.9 million) are not
included here. DOE-RL pays for transporting transuranic waste to WIPP, but WIPP disposal costs are paid
through a different DOE budget.

Evaluation Metric

@ = performs less well against the criterion relative to the other alternatives with significant disadvantages
or uncertainty

© = performs moderately well against the criterion relative to the other alternatives with some
disadvantages or uncertainty

O = performs very well against the criterion relative to the other alternatives with minor disadvantages
or uncertainty
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The Hanford Site Cleanup Completion Framework (DOE/RL-2009-10) presents a
description of how the remediation of the 200-CW-5, 200-PW-1, 200-PW-3, and
200-PW-6 OUs fits within DOE’s overall cleanup and risk management strategy for
Hanford. The Cleanup Completion Framework outlines DOE’s proposals to do the

following:
¢ Contain and remediate contaminated groundwater

¢ Implement a geographic cleanup approach that guides remedy selection from a

plateau-wide perspective

¢ Evaluate and deploy viable treatment methods for deep vadose zone

contamination

¢ Conduct essential waste management operations in coordination with cleanup

actions

One aspect of the Cleanup Completion Framework is to put in place a process to identify
the “final footprint” for long-term waste management and containment of residual
contamination. The overall cleanup objective is to make the final footprint of the Inner
Area as small as practical. DOE intends for this final footprint to remain under federal

ownership and control for as long as a potential hazard exists.

Xii



DOE/RL-2007-27, REV. 0

Contents
INErOAUCTION cvviesriesiesuessnnessiesensrisrisssisisnsssisssiesssesssesssesssessssosssosssesssesasssssssssssssssssessnsssssosssosssssssese 1-1
O S o0y o To 1] OSSPSR 1-6
O o0 o1 OSSPSR 1-8
1.3 REZUIALOTY STALUS Leevierrieeieeireerreereeereetveteessiesseesseeenseenseanseesseessesnsessesseesssesseesssesssennsensseenns 1-8
1.3.1 Hanford Federal Facility Agreement and Consent Order .........ccoccocerererreneernnenn. 1-10
1.3.2 Tri-Party Agreement MIleStONES. ......eeveereerrrerrveerreesrrrserrereseeereeenseenseesssesssesssesssensses 1-10
1.4 Feasibility Study Report Organization ..........c.eccveevireivrrerrreiersiereeseeenseenseesssesssesssesssesseessens 1-10
Background INformation........eeeeeceeecccrresinrmssssnessiescssessnssssssssessessnssssssssssssessassssansssssssssessessassase 2-1
2.1 Operable Units Background and HiStOTY .......ccoccvevierierieerieenrenreereenreesereeeveneresseesseesseesseenns 2-1
2.1.1 200-PW-1 Operable Unit.......cccooevveirrieriieriienienieeieenieesreessesnsesssesssessessseesseessaessenss 2-1
2.1.2 200-PW-3 Operable Unit........ccoeivveireirriieriienienieeieenieeseessesssesssssssessssnsssnsseessaessenss 2-3
2.1.3 200-PW-6 Operable Unit........ccocivrevrrirreierienienieeieenieeseeessesnsesssesssesssssssessseessaessenss 2-3
2.2 PRYSICAL SCUNEZ ....vvecvreerreeiieeiieeiiretrestiessiesseessteenseenseenseeassesssessesssessesnssesseesseessansssesnsesnseenseenns 2-4
221 MELEOTOLOZY ...vveevveeireereeereentieatveetreeeesstessaesseesnseenseenseeaseeassesssesssesssesssesssesasesssersseessens 2-4
2.2.2 TOPOZLAPNY .eevveerieeireereeereenteeetreetreseeessaesseesssesnseenseaseesssesssesssesasesssessssesssesseesssesssenssees 2-5
2.2.3 Geology 2-5
2.3 NALUTAl RESOUICTES ... et iiiiiie ettt ettt e e e st e et e e er e e et em e seee e enseseeeaeeneas 2-11
231 VEZELALION ...eeevveeieeirereenr e teeteeeteeeresstesseesseessseenseanseenssesssennsessesssrsssessensssesnsennsenns 2-11
2.3.2 Wildlife 2-12
2.3.3  SPECIES OF CONCEOITN ..eevvrenrreerreereetreetretrrneeesseesseessseenseasassessssssessseesseesssesssessenssesnns 2-13
23,4 Cultural RESOUITES ... .eeieiiieeiereiieeie et ettt e e e e et e em e e e e emee e e neene s 2-15
2.3.5 Aesthetics, Visual Resources, and NOISE .......ooioviieieeie et eeeeseeeee e eeseennanes 2-16
23,6 SOCIOCCOMOIIIC .. ceuueeueereieeieeeeeaeeieee et et en e s e emeesece e emseesee e eneeneeaeeaneeneeseeeeenseseeeacens 2-16
2.4 Waste Site Description, Characterization, and Contamination ............cceeceereervesrveervreneennens 2-17
24,1 200-PW-1 WASLE STLES .veouvreirrirrrerereierreermieenseenseesseesssesnsesssesasesssessssesseesssesssesssessseanns 2-18
2.4.2 200-PW=-3 WaSEE SITES .eeteiuieuiereerneeierteraeenieeneeneeaeeee st ceeeseseeeneeaneemeeseeaneensessesacensens 2-67
2.4.3  200-PW-0 WS SITES .eeteiuieuiereirieeiertirreenieenceseeeeeee st cesee e eeeeseeaneemeesseaneenseseesacensens 2-75
2.5  Plutonium Fate and TTanSPOTL .......cevuerieerieereeneesrreeneeesterseresseesseesseessseenseensesssessssesssesssesses 2-80
2.6 Grouping of Waste Sites for Evaluation of Remedial Alternatives..........cccocvveiiiinnciinnncns 2-82
Development of Remedial Action Objectives and Preliminary Remediation Goals ................ 3-1
3.1  Conceptual EXposure MoOdel ..........cccveeirrirriierierierieeieenieesnraenveessesetreseeesseessaesseessseensessseens 3-1
3.1.1 Land Use 3-1
3.1.2  Current Land USE......coceii ittt e st se e en e e se e enees 3-1
3.1.3 Anticipated Future Land USE ..........cceciverveerveenreeniirereeireentineivesereseeesscessaesseessseenseensenns 3-1
3.1.4 Regional Land USE........ccccverierieerieerieeeireeiveesteestaeeteseernnssesseessaessaesnseessesssassssessenssesns 3-2
3.1.5  Groundwater USE ......oocceieiirreie ettt eeee st ee st e e e e see e en e e e e emeesees e enseseeeneeneas 3-4

xiii



DOE/RL-2007-27, REV. 0

3.2 Summary of the Baseline Human Health Risk ASsessment........coccoeeivvrniniinnieinnenneenenee 3-4
3.2.1 Selection of Initial Contaminants of Potential CONCEIN..........ccvveerveerrircrvrcirreerrreienienns 3-4
3.2.2 EXPOSUIC ASSCSSIICIIL. . ereeuirrrrereeeueeaneeeeneeersaeeaaeeaaeeeenseessseeaaseeaaneessnseesaseeeassensnseenns 3-6
3.2.3 Native American RiSk ASSESSMENL .......cccvreirrreiereierrierieerieenseessessveessesseessernsseessaessenss 3-7
3.3 Screening Level Ecological Risk ASSESSIMENL.........coviievierierieeiieenreeerreeveesiensaesseesreeenseesseens 3-8
3.4 Evaluation of Groundwater PrOt€CION ........eecviviierrierrieeieenieesreesteenreretreseresseessaesseessseenseessennes 3-9
3.5 Final Contaminants of Potential CONCEIN........eccvreirrreirreieriieriennieeieenreeereenvesseeeereseeesseensees 3-13
3.6 Potential Applicable or Relevant and Appropriate Requitements.........cccvveevvreveveeereerserenenns 3-15
3.6.1  WaASTE STICAIMIS. c..eiotiiiiiiiiiiie ettt ettt ettt ettt er e et et et et et e e e e s 3-17
3.6.2  AIrborne EMISSIONS . ..cocceiutiiiiriiiteiertiee et seeieeeeeeeeieer e e e emee e e e ense e et eneeneeneeans 3-18
3.7 Remedial ACtion ObBJECHIVES. ..cviirierieerieerrreereerreestesetretrrsseessaesseessseesseeseesseasssesssesssesssesssens 3-19
3.7.1 Remedial Action ObJECHIVE 1....ccievierieeieenireereeirerireiessiesseesreeenseenseesseesssessseessenees 3-20
3.7.2 Remedial Action ODBJECHIVE 2....ccveevierrieeieeireereeiveneirseiesseesseesrseenseenseesseesssesssenssensses 3-20
3.7.3 Remedial Action ObBJECHIVE 3....coievierieeieeireereerreenieeiesseesseesrseenseenseesseesssesssenssenses 3-20
3.8 Preliminary Remediation GOALS ........ccccoveeveeiieeniireiieriiereieriiesrieenieeneeneeeneeeneesssessseessensseessens 3-21
3.8.1 Industrial Worker Preliminary Remediation Goals..........cccoevvvevevieriereeenveenrrennnns 3-22
3.8.2 Considerations Used to Establish Groundwater Preliminary Remediation Goals....3-23
3.8.3 Preliminary Remediation Goals for Protection of Ecological Resources ................. 3-25
Identification and Screening of Remedial Technologies.........ccccccervurmnsvncscricscrressnrmssnnsensescarsene 4-1
4.1 General RESPONSE ACLIONS. ..e.vvecveereerereierieersierneeeseenseesssesssesssesssesasessssessaesseessassssesnsessseesseesns 4-1
4.2 TECHIOIOZIES ...vveeirerreerreeiieeiieetveetre et iessiesseessteenseenseanseeassaasseansessesnsesnssesaesssessaesseesnsenneeesseenns 4-2
4.2.1 Screening of Remedial TEChNOLOZIES .....ccvvvevvreirrreieriieriiene e eereesreeeereeveeeeseeesseenseeas 4-2
4.2.2 Summary of Remedial Technologies and Process Options .........cccoeecvveevreevrreverieneenns 4-2
Remedial Action AILErNATIVES ..c.eeeccceiescnrrssirnssssnesssiescrsessnssssssssestessnsssssssssssssssassssanssssssssssssssassssse 5-1
5.1 Development of Remedial AISINALIVES .....vecvveeveerreeiererireiirserereiereiesreesreeenseenseesseesssesssesssennes 5-1
5.2 Description of Remedial ALEINatiVes ......ccvvvievierierieeieeneeereenreesresetreseresseessaesseessseesseesseens 5-2
5.2.1 Common Components of Remedial ALernatives .........ccecververveenveenernrreernserereieneens 5-4
5.2.2  ARErNative 1——BarTill .....covierierrieereeniieeiireireseiessiesseesreeenseenseesssesssesssesssesssssssesseenseens 5-9
5.2.3 Alternative 2—In Situ VIIITICAION ..evvveieeeireer e ieecvriiesrie e enieereeeneeenveenseessennes 5-13
5.2.4 Alternative 3—Removal, Treatment, and Disposal.........cccoecvvvverierierieeerveenvrenennens 5-15
Detailed Analysis Of AILErNAtiVes .......ccivvirisvrerciesccriesinrrsssrmssssnnsesiessnsssssssssssssssassssansssssssossssessassase 6-1
6.1  Description of Evaluation Criteria.........c.eccvverirerreeirreierrienriennaeenseenseesssesssesssasasesseessseensessseesns 6-1
6.1.1 Overall Protection of Human Health and the Environment ............cccoeevveernnvrnienienns 6-2
6.1.2 Compliance with Applicable or Relevant and Appropriate Requirements................. 6-2
6.1.3 Long-Term Effectiveness and PErmanence ..........ccoccvevvevierierieeenveesensernernnerenseenseens 6-2
6.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment..........cccccocerccrreenene 6-3
6.1.5 Short-Term EffEeCtiVENEss «...ocviiiiiiiieririe et eee e e e e e e neene 6-3
6.1.6  IMPLeMENLADIIILY ....vveeieriieriierrierrieeieesreeerreer e e e staeteeeraesseseseeeeeseessaesseesseesssesnsennseens 6-4

Xiv



DOE/RL-2007-27, REV. 0

6.1.7 Cost6-4

6.1.8  StAte ACCEPLANCE ...eeuiieieiieeeiiieeirerrtieaestieeeteesreeasseaeeaeeeenseesseeeaaeaeaaneersnseesaseeeansensaseenns 6-5
6.1.9 COmMMUNILY ACCEPLANICE ...evveerreerrreerreerrrrrraereseressaesseessseenseesseesseesssesssesssesssesssersssessens 6-5
6.2 Detailed Analysis 0f NO AcCtion AREINALIVE .....c.coevvreierierierieeiieeneeerreenreesreseeenseesneeenseesseens 6-5
6.2.1 Overall Protection of Human Health and the Environment .............cccoeevvevrnvrnienienns 6-5
6.2.2 Compliance With ARARS .....ccieriieieeiieeirciesiiereiertiesnieenaeenseessseensesssassseseresseesseesseens 6-6
6.2.3 Long-Term Effectiveness and PErmanence ..........ccoccvevvevierieriesnveenrennensernneeenseenseens 6-6
6.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment ...........cccccocvcrinenen. 6-6
6.2.5 Short-Term EffEeCtiVENEss «....cviiiiiiiierieie et es e e eeneene 6-6
6.2.6  IMPleMENLADILILY ....eveeieriieriierrierrieeieesieeereeereee st es st e teeeesessesesessseesaessaesseessensssesnsennseens 6-6
6.2.7 Cost6-6
6.3 Detailed Analysis of Alternative 1—Barrier.........ccovveviereenreeireecrercrreeieseeessiesreesneeenseenseenns 6-6
6.3.1 Overall Protection of Human Health and the Environment .............cccoeevvernnvrnienianns 6-8
6.3.2 Compliance With ARARS .....ccieriiiieeireeircieriieriiestieerieenneenseesneeeseessesssesssessaesseessenss 6-8
6.3.3 Long-Term Effectiveness and PErmanence ..........coccvevvevierierieenieesvenneensernnenenseenseens 6-9
6.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment ............cccvervvrerrrnenns 6-9
6.3.5 Short-Term EffeCtiVENEss «....c.iouiiiiiierirreere et se et e ee e 6-10
6.3.6  IMPlemeEntability ......cvvevieriieeieeieeer e et eereere st e ssceseeresseess e sseesrseenseenseesssesseessennes 6-10
LG T T O - S OSSR 6-10
6.4 Detailed Analysis of Alternative 2—In Situ VItrification..........cceereeerieerveenvrcvnserrsereneienieens 6-15
6.4.1 Overall Protection of Human Health and the Environment..............cccccvveeveervennnnne 6-16
6.4.2 Compliance With ARARS .....coierierieeie et eereeseesteeeitesecesseesseesrseenseenseeeseeeneesssennes 6-16
6.4.3 Long-Term Effectiveness and Permanence ............cccoeevvevreerrreeerieniesivesrveenvenneenens 6-17
6.4.4 Reduction of Toxicity, Mobility, or Volume through Treatment .............ccoeerveenrnnne. 6-18
6.4.5 Short-Term EffECtiVENESS ...covverierierieerieenirenreeiveesreestesseesseessseenseesseesseesssesssesssensses 6-18
6.4.6  IMPlementability ......cccceviierrieerieeireee et e sterevestre e sseessaesneeesseesseessseenseenseesseesseesssennes 6-18
ST O - SO R 6-19
6.5 Detailed Analysis of Alternative 3—Removal, Treatment, and Disposal...........cccoccvrrerneen. 6-19
6.5.1 Overall Protection of Human Health and the Environment .............ccoccvveeveevennnnne 6-21
6.5.2 Compliance With ARARS .....ccceviiirierieeie e et stvssevsstvess e ssaesseeenseenseensenssennees 6-22
6.5.3 Long-Term Effectiveness and Permanence ............cccoeevvevreerrreiereeneesivesiveenveeneenens 6-23
6.5.4 Reduction of Toxicity, Mobility, or Volume through Treatment .............cccccveerrnnee. 6-24
6.5.5 Short-Term EffeCtiVEness «....coouiiiiieerirreee et se e e et en e e 6-25
6.5.6  IMPlemMEntabIliLy .....covierrierieeieeieeee et e stve e etve st e sseessaeesseesseesseessseenseenseesseesneessennes 6-26
0.5.7  COST ettt ettt et ettt eae e e et et et et e s 6-26
6.6 National Environmental Policy Act of 1969 Values Evaluation...........cccoeevvevrevrnvnneieniens 6-27
6.6.1 Description of National Environmental Policy Act of 1969 Values.........ccccccveernnee. 6-27
6.6.2 Detailed Evaluation of the National Environmental Policy Act of 1969................. 6-28
7 Comparative Analysis of AILerNativesS.....ccvvverercercsccrresinrmssnnmssnesccrissasssssssnesesiesensssssssssssssssassesens 7-1

XV



DOE/RL-2007-27, REV. 0

7.1 SummMAry Of AlLCINALIVES....covuerrieeirerireereeireesteretrestrrsseessaesseesnseenseenseesssesssesseesseesssesssesnsessseenns 7-1
7.2 Overall Protection of Human Health and the Environment ...........ccooccvvevvvienienienieenieenneenn, 7-2
7.3 Compliance With ARARS ......cciiieiteir ettt st e srte e eteeneeene e s eseessaessaessseensesnseenns 7-2
7.4  Long-Term Effectiveness and PErmManenCe. .........ocvvveverrierrierieenveenrrreirrseressiensaessaesmseeseesseens 7-2
7.5 Reduction of Toxicity, Mobility, or Volume through Treatment...........cccveevveerierieeerveenneenn, 7-3
7.6 Short-Term EffectiVENEsS .. ou ettt ettt se e e en e e e eneeeees 7-3
7.7 IMPLeMENLADIIILY ..eevviiriieie sttt e ree s eesreeenseesseesnseenseenseeeneeanseansenseeseeseessansseens 7-4
T8 D08 ettt ettt et e et et et et e ettt e e e st ereeeneeenneeane 7-5
7.9 StAC ACCEPLANCE ....eveueieeeiieeeeiieeeieenie et eaataeenteesseeesseeeaneeeenneesssseeaseeaaneensnseesnseeesaseeeaneersnsees 7-5
7.10 COMMUNILY ACCEPLANICE . .veevreeerreerreerrreererreeerseesseessseenseenseesseesssesssessesasersseessaesssesssesnsessseesns 7-5
7.11 Summary of Comparative ANALYSIS......cceecvrreierierierieerieeneesressressresstreseersseessaesseessseeseesseenns 7-6
Uncertainties Related to DeciSion MaKing........ccccceeescnrrsssnnescrrescsrrsssnssssssesessesenssssassssssssssssessassase 8-1
8.1 Uncertainties in Estimating and Evaluating Health Risk Posed by Contamination ............... 8-1
8. 1.1  Potential IMPACES....vecveeiieciieeiireiireiesrierriesreeenseenseesseesssasnsessessessarsseesseesssesnseensensseenns 8-2
8.2 Uncertainty Estimates of the Potential Impacts to Groundwater ............ccocoeovrnnerieninnnanne 8-2
8.3 Uncertainty on Plutonium INVENTOTY ......oveevierierieeieeieeeireiieseieseiessaesseeenseenseesssasssesssesssenees 8-4
8.3.1  Potential IMPACES....vecveeiieiireiireiirriierriesreesreeenteenseesseesstasnsessesseesaesseesseesssesnseensenssesns 8-5
8.4  Uncertainty with the Cost of Remedial Technologies........cccvervrervrerrreienierienieeieenieenneenens 8-5
8.4.1  Potential IMPACES....veeveerieiireiieeiirreierrierraesreeenteenseesssessseesesasesasessaesseesseesssessseensenssessns 8-5
Summary and Path FOrWard ... iiiinnnminiininimmmmmiisimmsmesiasssssssssssssssssssans 9-1
0.1 Feasibility Study SUMMATY ....coveerieerireereeireesiiretresereseiesseesseeenseeseesseessessessseessaesseesssesssessseenns 9-1
9.2 Baseline Risk Assessment and Contaminants 0f CONCEIN .......eevverrvecvrrerrreiereierrienreeeneenseenns 9-1
0.3 Remedial ACtion ObBJECHIVES. . c..ueeieerireereerreertiretreetirseiesseesseesneeenseenseesssesssesssesasessserssesssessseenns 9-3
9.4 Development and Analysis of Remedial Arnatives.......cccoevvvvereierierieerieeneeseessvessvesneennes 9-3
0.5 Path FOrward ..ottt et sttt ee et en e et eees 9-5
0.5.1 PropoSed PIAN........cccevierrieeieeie st eesteeetvestteseiesetesseesneeenseenseesseeensesssessesseenseessaesseens 9-5
9.5.2 ReCOTd Of DECISION .eeuieiieitiriceie ettt ettt s se e en et ee e emee e es e eeeeeeeneene 9-6
9.5.3 Post-Record Of DECISION ..c.ceiiiiiiiriiii ettt se e e e neene e 9-6
0.5.4 RemMedIial DIESIZN.c.ucvvriieriieriieriieriieeieerie et eetee st ee st eeeteeeteessaesaseessseseessaesseessansssesnsennseens 9-6
9.5.5 REMEIAl ACHOM «.eiiiiieie ittt et se et en et e emee e e e enee e ceeene 9-6
0.5.6  Five-Year REVIEW ....oiiiiii ettt et e et se e e e neene s 9-6
9.5.7 Deletion from the National Priotiti€s LiSt........ccoveveriieriierrieerivenirennreeninnrrsernseeenseenseens 9-7

XVi



DOE/RL-2007-27, REV. 0

Appendices
A Baseline Human Health RiSK ASSESSIMENT...ccccceiieerirmrirnssessisssinsiosssesssesssnsssnesssesssssssssssssssosssessnes A-i
B Screening Level Ecological Risk ASSESSIMENT.......ccccciiricnrrissnmsiiescriesanssssssneseseescasssssssssssssssassesans B-i
C Potential Applicable or Relevant and Appropriate Requirements........coccceeeveescnerssnresessescseeses C-i
D Cost EStimate BACKUP ..c.uceecvciiirinrrisnneriiescsresssnsssssnssssessesssssssssssssessassssassssssssssessassasssass sesssssssssessass D-i
E Evaluation of Groundwater Protection.......cuiicrcnienensensnesrensensansssesecsacssesssnssesaessnessessessassnsan E-i
F Evaluation of Future Risk Reduction for Various Soil Removal Alternatives
at the 216-Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-12 Crib ......cccccovvvrcreerecrcrsenncercerccsscsanes F-i
G  Native American Human Health Risk AsSeSSMENT .....c.cccovviisuiisiesvessuessuesssnesseessensssssssesssossaessnes G-i
H  Pipelines Remedial EvVAIUAtiON.......ecccciiiiiirisinnniienccricsinrisssnesisiescssessnssssssssessesnsssssssssssssssassesans H-i
I Cost Estimate Associated with Post-ROD Sampling for Groundwater Protection ..........c....... I-i
Figures
Figure 1-1. Location of the Hanford Site..........ccecverierrveerreeniieeirriireiereieriiesneeeneeeseenseenseeensasssesssenses 1-2
Figure 1-2. 200-PW-1 Operable Unit Waste Sites in the 200 West ATea .......ccooviiieoenvninnenenncas 1-3
Figure 1-3. 200-PW-3 Operable Unit Waste Sites in the 200 East Area........ccocceevvervecvenvrerrnenenn. 1-4
Figure 1-4. 200-PW-6 Operable Unit Waste Sites in the 200 West ATea ........cooeriieeneninnenenncas 1-5
Figure 1-5. Relationship of the 200-PW-1 and 200-PW-6 Operable Unit Waste Sites to the
200-ZP-1 Groundwater Operable Unit and Other Waste Sites in the 200 West Area.....1-9
Figure 2-1. Major Geologic Units of Interest in the 200 AT€a ........cccvveevreerereierieeneeereereeneeesrreernneens 2-7
Figure 2-2. Generalized Stratigraphic Column for the 200 ATea ......ccccooovviiiiiiiiniiee e 2-8
Figure 2-3. Contaminant Distribution Model, 216-Z-9 Trench........ooooooeiviieiiiieeeeeeee e 2-19
Figure 2-4. Contaminant Distribution Model, 216-Z-1A Tile Field.........cccoecvvermvievienierieeieenneenns 2-21
Figure 2-5. Contaminant Distribution Model, 216-Z-18 Crib .......ccoocviiieiininieiiieiee e 2-23
Figure 2-6. Contaminant Distribution Model, 216-Z-12 Crib .......ccooiiiieiininieieieree e 2-25
Figure 2-7. Contaminant Distribution Model, 216-Z-1&2 Cribs ....coooviioioeiiieeeeeeeeee e 2-27
Figure 2-8. Contaminant Distribution Model, 216-Z-3 Crib......ccccoiiiiiiinrieie e 2-29
Figure 2-9. Contaminant Distribution Model, 241-Z-361 Settling Tank ........ccccoooviiiniininnnne 2-31
Figure 2-10.  Contaminant Distribution Model, 216-A-8 Crib........cocoiiieiiniiniiinrieee e 2-33
Figure 2-11.  Contaminant Distribution Model, 216-A-24 Crib......cccooiiiiiiinnieieneree e 2-35
Figure 2-12.  Contaminant Distribution Model, 216-A-7 Crib........cocoiiiiiininiiie e 2-37

XVii



Figure 2-13.
Figure 2-14.
Figure 2-15.
Figure 2-16.
Figure 2-17.
Figure 2-18.
Figure 2-19.

Figure 3-1.
Figure 3-2.
Figure 4-1.
Figure 4-2.
Figure 4-3.
Figure 4-4.

Figure 4-5.

Figure 4-6.

Figure 5-1.
Figure 5-2.

Figure 5-3.
Figure 5-4.

Figure 5-5.
Figure 5-6.

Figure 7-1.
Figure 7-2.
Figure 7-3.
Figure 7-4.

DOE/RL-2007-27, REV. 0

Contaminant Distribution Model, 216 A-31 CribD....oiiiiiiieeee e 2-39
Contaminant Distribution Model, UPR-200-E-56 Unplanned Release ............cccoeeun... 2-41
Contaminant Distribution Model, 216-Z-8 French Drain...........ccocvveeeevveeeecvveeeeecreeeens 2-43
Contaminant Distribution Model, 216-Z-10 Injection/Reverse Well............cccccvveennnee. 2-45
Contaminant Distribution Model, 241-Z-8 Settling Tank .........ccocceervervenvecrveenvennnnnen 2-47
Contaminant Distribution Model, 216-Z-5 Crib........ccovrvereecreieeeeeeeeeeeeeeeeee e 2-49

Approximate Extent of Carbon Tetrachloride Dense Nonaqueous Phase Liquid
in Silt Lens at 19.8 m (65 ft) Below Ground Surface Adjacent to the

R A (<1 1¢] o PR 2-52
Location of the Industrial Land Use AT€a.......ccccieiiiiiniererirree e e eeeseceeeas 3-3
Inner and Outer Areas of the Central Plateau ........ooceevririeiiniiii e 3-7
Conceptual Schematic: Perimeter of a Monofill Evapotranspiration Barrier ................ 4-10
Conceptual Schematic: Perimeter of a Capillary Evapotranspiration Barrier ............... 4-10
Conceptual Schematic: In-Situ VItrification......cc.ooocererinierienrrere e 4-19

Comparison of Pre- and Post-GeoMelt Subsurface Planar Vitrification
Radionuclide CONCENTIAtIONS .....ceiuveeereireirieerereeraeeaie et e eee e et eneeseee e eneesees 4-21

Standard Free Energy of Formation for Various Metal Oxides Environmental
Protection and Waste ManagemeENt ...........uevrverieerreeneesivensrennrrrseenerrsseesseessesssseesessseenns 4-22

GeoMelt Subsurface Planar Vitrification Processing Equipment at Los Alamos
National Laboratory i 2000 .........ccvecrveerrereireirretirreieriesreeeneeenseesseesssesssesseessessssesnsessseens 4-24

Conceptual Design of Alternative 1| Monofill Evapotranspiration Barrier.................... 5-11

Conceptual Design of a Monofill Evapotranspiration Barrier with a Physical Barrier
Component (AILEINALIVE 1) ..eevierieerieeireereeireesreeeeretreseiessiessaesseessseenseenseesseesssesssesssesses 5-12

Conceptual Schematic: Alternative 2—In Situ Vitrification at the 216-Z-9 Trench.....5-14

Plutonium Mass with Depth Beneath the 216-Z-1A Tile Field (High-Salt Waste

Plutonium Mass with Depth Beneath the 216-Z-12 Crib (Low-Salt Waste Group)......5-20

Conceptual Design of Alternative 3 Option 3A Removal, Treatment, and Disposal

O the 216-Z-18 Crib...ceiiiiiiiii et 5-22
Alternative 1 Summary for the 200-PW-1 and 200-PW-6 Operable Units ................... 7-11
Alternative 2 Summary for the 200-PW-1 and 200-PW-6 Operable Units ................... 7-13
Alternative 3A Summary for the 200-PW-1 and 200-PW-6 Operable Units ................ 7-15
Alternative 3B Summary for the 200-PW-1 and 200-PW-6 Operable Units................. 7-17

xviii



Figure 7-5.
Figure 7-6.
Figure 7-7.
Figure 7-8.
Figure 7-9.
Figure 7-10.

Table 1-1.

Table 2-1.
Table 2-2.
Table 2-3.
Table 2-4.
Table 2-5.
Table 2-6.

Table 2-7.

Table 2-8.

Table 2-9.

Table 2-10.

Table 2-11.
Table 2-12.

Table 2-13.

Table 2-14.
Table 2-15.
Table 2-16.

DOE/RL-2007-27, REV. 0

Alternative 3C Summary for the 200-PW-1 and 200-PW-6 Operable Units................. 7-19
Alternative 3D Summary for the 200-PW-1 and 200-PW-6 Operable Unit.................. 7-21
Alternative 3E Summary for the 200-PW-1 and 200-PW-6 Operable Units................. 7-23
Alternative 1 Summary for the 200-PW-3 Operable Unit (Revised April 2011) .......... 7-25
Alternative 3B Summary for the 200-PW-3 Operable Unit ..........ccccvvvvvevrnvnnreninninnns 7-27
Alternative 3C Summary for the 200-PW-3 Operable Unit .......cccoooeiiiiiniinnninnenn. 7-29
Tables

Alignment of 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units,

Waste Groups, aNd WASLE SITES .v.vveeveereerrieeireiirrierrieereeenieenseesseeensesssesssesssesssersseessesssens 1-6
Waste Sites 216-Z-9 Trench, 216-Z-1A Tile Field, and 216-Z-18 Crib...........cceveeunnn.... 2-1
Waste Sites 216-Z-1&2, 216-Z-3, 216-Z-12, and 241-Z-361....c.cccecvvvenivvinicncinncnnn 2-2
200-PW-3 Operable Unit Waste SItES .....ccvrevrerrreerrieerieenieenrseseeevesssesssesssesssersseesseessens 2-4
200-PW-6 Operable Unit Waste SItES .....ccveevrerrrrerrieeieenieenreeeeeeressresssesssrsssersseesseessens 2-4
Potential Species of Concern on the Central Plateau........cocveevecveciveenvvrcvrevnsereniienieens 2-14

Maximum Concentrations of Radionuclide COPCs in Soil Samples at the

R A (<1 1¢] o PR 2-53
Maximum Concentrations of Nonradionuclide COPCs in Soil Samples at the

R A (<1 1¢] o PR 2-54
Maximum Concentrations of Radionuclide COPCs in Soil Samples at the

216-Z-1A Tile FIElA it st seen 2-57
Maximum Concentrations of Nonradionuclide COPCs in Soil Samples at the

216-Z-1A Tile FIElA it st seen 2-58
Maximum Pu-239/240 and Am-241 Activities Detected in Soil Samples at the

R 2 U @ ¢ PSS 2-62
Spectral Gamma Logging Results for the 216-Z-3 Crib........ccocceviveiiveivecveerveenreeeenens 2-65
Maximum Concentrations of Radionuclide COPCs in Soil Samples at the

R I 'y 1o PO 2-68
Maximum Concentrations of Nonradionuclide COPCs in Soil Samples at the

R I 'y 1o PO 2-69
Logging Results for Wells of Interest at the 216-A-24 Crib........cccevveecvvecvrcvnnrrniienieens 2-71
Borehole Logging Results for Well 299-E25-54 at the 216-A-7 Crib....cooooeoevcnieeee. 2-73
Radiological Logging Results for UPR-200-E-56 Boreholes..........ccocvvvriverrncnnennne 2-75

XiX



Table 2-17.

Table 3-1.
Table 3-2.

Table 3-3.
Table 3-4.
Table 4-1.
Table 4-2.
Table 5-1.
Table 5-2.
Table 5-3.

Table 6-1.
Table 7-1.
Table 7-2.
Table 7-3.
Table 9-1.

DOE/RL-2007-27, REV. 0

Grouping of Waste Sites in the 200-PW-1, 200-PW-3, and 200-PW-6
OPETADIE UTILS .1uevvireiieiieriierrieenieeieenseesnresveeseeseeeeseaseessaessaesseesssesnsesnseesseesssesssesssesses 2-83

Selected Initial Contaminants of Potential Concern in Soil....ccccvvviiiiiiiiiiiiii . 3-5

Summary of Model Results on Groundwater Impacts and Associated
Uncertainties for Vadose Zone Contaminants at PW-1/3/6 Waste Sites.......cccccoceeene 3-10

Summary of Final COPC for the 200-PW-1, 200-PW-3, and 200-PW-6 OUs.............. 3-14

Summary of Soil Preliminary Remediation Goals for Industrial Worker Exposures....3-20

Summary of Technology Screening ReSUIS........ccvvvierierierieeie et eereecrveereveseeneeneeens 4-3
Retained Remedial TEChNOLOZISS ...ecvverrveerveereeiireiiecirreeieseiessiesreeeneeenseenseesseesnsesnsesseessens 4-7
Remedial Alternatives for 200-PW-1, 200-PW-3, 200-PW-6 OU Waste Sites............... 5-3
FULUTE SAMPUINIE....eevieeireirt ettt et e stesreesneeenaeenseeseeeseeensasnsenseesseesssesssesnsennseens 5-7
Summary of Material Removal Depths for the RTD Options at the 200-PW-1,

200-PW-3, 200-PW-6 OU WaASLE SITES...uuveirieiieeeeieeeeeeeeeeeeeieeeeeeeeeeeerseereeeeeeseeasneeneeens 5-21
Summary of Detailed Analysis of ASINALIVES .....oocvvveerrreieriierierieeieenieeereeereenrenseennes 6-11
Summary of Costs of Alternatives by Waste Site GIOUP......ccvecvveevrevreerrreierrierrieneeenseens 7-7
Summary of WIPP Disposal Costs by Alternatives by Waste Site Group .........ccoveveveens 7-8

Comparative Analysis Summary for the 200-PW-1, 200-PW-3, and 200-PW-6 Sites....7-9

Summary of Contaminants of Concern for the 200-PW-1, 200-PW-3, and
200-PW-6 Operable UNILS ......ccceviierieerieenieeereeireenrisstresereseeessaesseessseenseessesssesssesssaesseessens 9-2

XX



ac
ARAR
bgs

BNI

BRA
CCu
CDF
CEM
CERCLA

CFR
cocC
CopPC
CPM
CSM
CT
CTUIR
CwcC
D&D
DBBP
DNAPL
DOE
DOE-RL
DSA
Ecology
ECR
ELCR
EPA
ERDF
ERH
ESA

ET

DOE/RL-2007-27, REV. 0

Terms

acre
applicable or relevant and appropriate requirement
below ground surface

Bechtel National, Inc.

baseline risk assessment

Cold Creek Unit

controlled density fill

conceptual exposure model

Comprehensive Environmental Response, Compensation, and
Liability Act of 1980

Code of Federal Regulations

contaminant of concern

contaminant of potential concern

counts per minute

conceptual site model

carbon tetrachloride

Confederated Tribes of the Umatilla Indian Reservation
Central Waste Complex

decontamination and decommissioning
dibutyl butyl phosphate

dense, nonaqueous phase liquid

U.S. Department of Energy

DOE Richland Operations Office, also known as RL
documented safety analysis

Washington State Department of Ecology
ecological compliance review

excess lifetime cancer risk

U.S. Environmental Protection Agency
Environmental Restoration Disposal Facility
electrical resistance heating

Endangered Species Act of 1973

evapotranspiration

XXi



ES

FY

GAC
GRA

ha

HAB
HCP EIS

HEPA
HI
HHE
HMS
HQ

IC

ISV
MCL
MEESC
MNA
NCP
NDA
NEPA
NPH
NPL
0&M
OSWER
oU
PCB
PFP
PNNL
ppmv
PRF
PRG
PUREX

DOE/RL-2007-27, REV. 0

feasibility study

fiscal year

granular activated carbon
general response action
hectare

Hanford Advisory Board

Hanford Comprehensive Land Use Plan Environmental Impact
Statement

high-efficiency particulate air

hazard index

human health and the environment
Hanford Meteorological Station

hazard quotient

institutional control

in situ vitrification

maximum contaminant level

maintain and enhance existing soil cover
monitored natural attenuation

National Contingency Plan
non-destructive analysis

National Environmental Policy Act of 1969
normal paraffin hydrocarbon

National Priorities List

operations and maintenance

Office of Solid Waste Emergency Response
operable unit

polychlorinated biphenyl

Plutonium Finishing Plant

Pacific Northwest National Laboratory
parts per million by volume

Plutonium Reclamation Facility
preliminary remediation goal

Plutonium Uranium Extraction

XXil



DOE/RL-2007-27, REV. 0

RAO remedial action objective

RBC risk based concentration

RCRA Resource Conservation and Recovery Act of 1976
RCW Revised Code of Washington
RECUPLEX Recovery of Uranium and Plutonium by Extraction
RESRAD RESidual RADioactivity (dose model)
RfD reducing reference dose

RI remedial investigation

RME reasonable maximum exposure

ROD record of decision

RTD removal, treatment, and disposal

SLERA screening level ecological risk assessment
SPV subsurface planar vitrification

SST stainless steel

SVE soil vapor extraction

SWB standard waste box

TBP tributyl phosphate

TSD treatment, storage, and disposal

UPR unplanned response

USFWS U.S. Fish and Wildlife Service

VCP vitrified clay piping

VOC volatile organic compound

WAC Washington Administrative Code

WCH Washington Closure Hanford, LLC

WIPP Waste Isolation Pilot Plant

XXiii



DOE/RL-2007-27, REV. 0

This page intentionally left blank.

XXiv



DOE/RL-2007-27, REV. 0

1 Introduction

The Hanford Site, managed by the U.S. Department of Energy (DOE), encompasses approximately
1,517 km? (586 mi?) in the Columbia Basin of south-central Washington State. In 1989, the

U.S. Environmental Protection Agency (EPA) placed the 100, 200, 300, and 1100 Areas of the Hanford
Site on the 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan”
(National Contingency Plan [NCP]), Appendix B, “National Priorities List” (NPL), pursuant to the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA).

The process for characterization and remediation of waste sites at the Hanford Site is addressed in
Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order, commonly referred to as
the Tri-Party Agreement. Submittal of Draft A of this feasibility study (FS) by September 30, 2007, met
TPA Milestone M-015-45B.

The 200 Area NPL site is in a region referred to as the Central Plateau and consists of the 200 West Area
and 200 East Area (Figure 1-1). The 200 Area contains approximately 800 waste sites that include waste
management facilities and inactive irradiated nuclear fuel reprocessing facilities. These sites are managed
by the DOE Richland Operations Office, also known as RL (DOE-RL), excluding sites assigned to the
Tank Farms Waste Management Area. Several waste sites in the 600 Area, located near the 200 Area,
also are included in the 200 Area NPL.

As part of the approach to waste site cleanup, RL, EPA, and the Washington State Department of Ecology
(Ecology), known as the Tri-Parties, agreed to consolidate the 23 process-based operable units (OUs) into
12 groups based on similarities between contaminant sources (TPA Milestones M-13-02-01 and
M-15-02-01, approved in June 2002). As a result of this process, the Plutonium/Organic-Rich Process
Condensate/Process Waste Group OU (200-PW-1 OU), the Organic-Rich Process Condensate/Process
Waste Group OU (200-PW-3 OU), and the Plutonium Process Condensate/Process Waste Group OU
(200-PW-6 OU) were consolidated into one group—the Plutonium/Organic-Rich Group OU—because
the waste sites in all three OUs received Plutonium and/or Organic-Rich process condensates and process
wastes. All of the waste sites in these three OUs are located in the 200 East and 200 West Areas

(Figures 1-2 through 1-4).

During the remedial investigation (RI), reported in DOE/RL-2006-51, Remedial Investigation Report for
the Plutonium/Organic-Rich Process Condensate/Process Waste Group Operable Unit: Includes the
200-PW-1, 200-PW-3, and 200-PW-6 Operable Units (hereafter referred to as the RI Report), data were
collected in accordance with DOE/RL-2001-01, Plutonium/Organic-Rich Process Condensate/Process
Waste Group Operable Unit RI/F'S Work Plan: Includes the 200-PW-1, 200-PW-3, and 200-PW-6
Operable Units (hereafter referred to as the PW Work Plan) to characterize the nature and extent of
chemical and radiological contamination and physical conditions in the vadose zone underlying two waste
sites: the 216-Z-9 Trench and the 216-A-8 Crib. The RI summarizes the characterization data for all of the
waste sites in the three OUs, which is sufficient to support the evaluation of remedial alternatives
presented in this FS report.

The 16 waste sites in the three OUs addressed in this FS report were organized into four waste groups
based on process waste type, primary contaminants, and similarities in the distribution of contaminants in
the subsurface. As shown in Table 1-1, the four waste groups include High-Salt, Low-Salt, Cesium-137
(Cs-137), and Settling Tank. The remediation of waste sites in this OU will also address the pipelines
which conveyed the wastes to their respective waste units. Detailed pipeline information is located in
Appendix H of this document. Characterization data from the well-characterized liquid waste disposal
sites revealed a clear, consistent correlation between the type of waste disposed and the current
distribution of contaminants in the subsurface.

1-1
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Figure 1-4. 200-PW-6 Operable Unit Waste Sites in the 200 West Area
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Table 1-1. Alignment of 200-PW-1, 200-PW-3, and 200-PW-6 Operable Units,
Waste Groups, and Waste Sites

Operable Unit Waste Group Waste Site
200-PW-1 High-Salt 216-Z-1A Tile Field

216-Z-9 Trench
216-Z-18 Crib

Low-Salt 216-Z-1&2 Cribs
216-Z-3 Crib
216-Z-12 Crib

Settling Tank 241-Z-361 Settling Tank

Pipelines 200-W-174-PL and 200-W-206-PL (connected to

High-Salt waste sites)

200-W-208-PL and 200-W-210-PL (connected to
Low-Salt waste sites)

200-W-205-PL and 200-W-220-PL (connected to
settling tank)

200-PW-3 Cesium-137 216-A-7 Crib

216-A-8 Crib

216-A-24 Crib

216-A-31 Crib

UPR-200-E-56 Unplanned Release

200-PW-6 Low-Salt 216-Z-5 Crib

216-Z-8 French Drain

216-Z-10 Injection/Reverse Well

Settling Tank 241-Z-8 Settling Tank

Pipelines 200-W-205-PL and 200-W-220-PL (connected to
settling tank)

Knowledge of this correlation made it possible to estimate residual contaminant distribution, at the sites
that are not as thoroughly characterized, with an acceptable level of confidence.

1.1 Purpose

The purpose of this FS is to develop and evaluate alternatives for remediation of the 16 waste sites and
pipelines in the 200-PW-1, 200-PW-3, and 200-PW-6 OUs. This FS refines preliminary applicable or
relevant and appropriate requirements (ARARs), remedial action objectives (RAOs), and general
response actions (GRAs) initially identified in the Implementation Plan (DOE/RL-98-28, 200 Area
Remedial Investigation/Feasibility Study Implementation Plan—Environmental Restoration Program).
Technology screening and development of alternatives initially performed in this plan have been
reviewed and refined, as necessary, based on the site-specific data reported in the RI Report
(DOE/RL-2006-51), other sources of existing information, and the feedback obtained from a public
workshop that was held on April 15, 2008, to present draft remedial alternatives for the 200-PW-1 OU
waste sites. As a result of that workshop, the Hanford Advisory Board (HAB) issued Consensus

1-6
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Advice #207, “Criteria for Development of the Proposed Plan for 200-PW-1, 3, and 6,” on June 6, 2008,
containing considerations that HAB believes are important to the development of the Proposed Plan for
this OU. This FS report incorporates the criteria provided by HAB regarding remedial alternatives and
their evaluation.

This section presents a description of how the remediation of the 200-CW-5, 200-PW-1, 200-PW-3, and
200-PW-6 OUs fits within DOE’s overall cleanup and risk management strategy for Hanford. This is
described in the Hanford Site Cleanup Completion Framework (DOE/RL-2009-10). The Cleanup
Completion Framework outlines DOE’s proposals to do the following:

e Contain and remediate contaminated groundwater

e Implement a geographic cleanup approach that guides remedy selection from a plateau-wide
perspective

e Evaluate and deploy viable treatment methods for deep vadose zone contamination
e Conduct essential waste management operations in coordination with cleanup actions

One aspect of the Cleanup Completion Framework is to put in place a process to identify the “final
footprint” for long-term waste management and containment of residual contamination. The overall
cleanup objective is to make the final footprint of the Inner Area as small as practical. DOE intends for
this final footprint to remain under federal ownership and control for as long as a potential hazard exists.

The Cleanup Completion Framework and a related document, Central Plateau Cleanup Completion
Strategy (DOE/RL-2009-81), set forth DOE’s cleanup approach that provides a framework and context
for DOE’s remedy selection proposals for structures, soil, debris, and groundwater from a plateau-wide
perspective. The Completion Strategy organizes the Central Plateau cleanup into the following three
major components:

e  The Inner Area is approximately 26 km? (10 mi?) in the middle of the Central Plateau
encompassing the region where chemical processing and waste management activities
occurred.

e The Outer Area is greater than 168 km” (65 mi”) and includes much of the open area on the
Central Plateau where limited processing activity occurred. Cleanup levels in the outer area
are expected to be comparable to those being used for waste sites along the Columbia River
(River Corridor).

e  Groundwater Remediation is necessary for approximately 207 km® (80 mi*) of groundwater
beneath the Hanford Site contaminated above drinking water standards because of past
processing activities that occurred on the Central Plateau. Cleanup that started in 1995 is
being expanded to contain contaminant plumes in the Central Plateau, remove contaminants,
and restore groundwater to beneficial use.

The FS documents for the 200-CW-5 OU and the 200-PW-1, 200-PW-3, and 200-PW-6 OU were
originally prepared in 2003 and 2007, respectively. They used somewhat different assumptions and risk
scenarios than those that may be used to make other future Central Plateau cleanup decisions. However,
all cleanup decisions will be protective of human health and the environment, meet statutory requirements
for remedy selection, and be in compliance with ARARS.

The alternatives considered provide a range of potential response actions (e.g., no action; capping; in situ
treatment; and partial to full removal, treatment, and disposal [RTD] with capping) that are appropriate to
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address waste site-specific conditions. The alternatives are evaluated against the two threshold and five
balancing CERCLA evaluation criteria (EPA/540/G-89/004, Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA, Interim Final, OSWER 9355.3-01).

The two modifying criteria will be evaluated through the public review process (EPA/540/G-89/004) of
the Proposed Plan (DOE/RL-2009-117, Proposed Plan for 200-CW-5, 200-PW-1, 200-PW-3, and
200-PW-6 Operable Units).

The FS alternatives evaluation serves as the basis for identifying a preferred alternative(s) remedy
consistent with CERCLA. A preferred alternative (or alternatives) will be presented to the public for
review and comment in the Proposed Plan (DOE/RL-2009-117). Following public review, DOE will
prepare a CERCLA record of decision (ROD) that identifies the remedial alternative(s) to be implemented
for the 200-PW-1, 200-PW-3, and 200-PW-6 OUs waste sites.

1.2 Scope

This FS evaluated existing information and data for the 16 waste sites and associated pipelines identified
in Table 1-1, screened and selected viable remedial technologies, developed effective remedial
alternatives, and compared those remedial alternatives using the guidance provided in EPA/540/G-89/004
and associated documents.

Remediation of the 200-PW-1, 200-PW-3, and 200-PW-6 OU waste sites is a source-control action that
addresses contaminated soil and structures (e.g., concrete pads, pipes, timbers) associated with cribs,
settling tanks, a tile field, a French drain, an injection/reverse well, a covered trench, and an unplanned
release (UPR). Remediation of the 216-Z-9 Trench also includes the abovegrade and belowgrade metal
structures used for a prior removal action at that site. Other than the requirement for a source-control
action to be protective of groundwater and surface water, the scope of this FS does not include
remediation of groundwater beneath these sites.

Because three of the 200-PW-1 OU waste sites (the 216-Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-18
Crib) were the primary sources of the carbon tetrachloride contamination in the 200-ZP-1 Groundwater
OU, the FS reports for both the 200-PW-1, 200-PW-3, and 200-PW-6 OUs and the 200-ZP-1
Groundwater OU were prepared by a common project team to ensure that the baseline risk assessment
(BRA) and the remedial alternatives in both FS reports that addressed contaminated soil, contaminant
migration to groundwater, and groundwater contamination were integrated. As shown in Figure 1-5, other
waste sites also overlie the 200-ZP-1 Groundwater OU; some of these waste sites may be sources for the
other contaminants found in the groundwater. These other waste sites are being addressed by the
CERCLA RI/FS process for other OUs in the 200 West Area or under the Resource Conservation and
Recovery Act of 1976 (RCRA) for the applicable treatment, storage, and disposal (TSD) units. The RI for
the 200-ZP-1 Groundwater OU was completed in 2006, the FS was completed in 2008, and the ROD was
signed in September 2008.

The 200-PW-3 OU waste sites are located in the 200 East Area (Figure 1-3). Contaminated groundwater
beneath these waste sites is being addressed by the 200-PO-1 Groundwater OU.

1.3 Regulatory Status
The following sections describe the regulatory status of the 200-PW-1/3/6 OUs.
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1.3.1  Hanford Federal Facility Agreement and Consent Order

The Tri-Party Agreement (Ecology et al., 1989, as amended) addresses the integration of cleanup
programs under CERCLA and RCRA to provide a standard approach to directing cleanup activities and to
ensure that applicable regulatory requirements are met.

1.3.2  Tri-Party Agreement Milestones

The abovegrade structures at the 216-Z-9 Trench were originally planned to be addressed as a removal
action and were included in the Tri-Party Agreement as Milestone M-083-41, “Complete Transition and
Dismantlement of the 216-Z-9 Crib Complex.” Milestone M-083-41 was deleted in 2008 by Tri-Party
Agreement Change Package M-083-08-01. The abovegrade structures at the 216-Z-9 Trench are
addressed in this FS for the 200-PW-1 OU.

1.4 Feasibility Study Report Organization

This FS report includes all of the required elements suggested in EPA/540/G-89/004. The report contains
the following chapters and supporting appendices:

Chapter 1 presents the purpose, scope, and regulatory framework for the FS, as well as this overview
of report organization.

Chapter 2 presents descriptions of the physical setting, waste sites, site contamination, and fate and
transport and explains the process used to estimate residual contaminant distribution at the sites with
limited characterization data.

Chapter 3 discusses anticipated land use, summarizes the risk assessments and the evaluation of
groundwater protection, identifies the final contaminants of potential concern (COPCs), and develops
the overall cleanup objectives and media-specific goals for the waste sites.

Chapter 4 refines the remediation technologies identified for these OUs and waste sites by evaluating
new information on existing technologies or promising and relevant emerging technologies.

The technologies were broadly screened for applicability to the waste sites in the FS. Screening
considerations include effectiveness (likelihood of meeting RAOs for the specific contaminants
present at a site), implementability relative to specific site conditions, status of technology
development, and relative cost.

Chapter 5 describes the remedial alternative development process and uses that information in concert
with site-specific data from the RI to refine the remedial alternatives retained for the detailed and
comparative analyses.

Chapter 6 presents a detailed analysis of each of the remedial alternatives against seven of the nine
CERCLA evaluation criteria (overall protection of human health and the environment [HHE];
regulatory compliance; long-term effectiveness and permanence; reduction of toxicity, mobility, or
volume through treatment; short-term effectiveness; implementability; and cost) as defined in
EPA/540/G-89/004. This chapter also assesses each remedial alternative relative to the National
Environmental Policy Act of 1969 (NEPA) values, as required by DOE policy.

Chapter 7 presents the comparative analysis of the remedial alternatives and identifies relative
advantages and disadvantages, based on seven of the nine CERCLA evaluation criteria.

Chapter 8 provides a summary of the key uncertainties of all analyses included in this report so their
impact on the evaluations is explicitly presented and discussed.
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Chapter 9 summarizes the results of the FS. This chapter also discusses the path forward for
remediation of the 200-PW-1, 200-PW-3, and 200-PW-6 OUs waste sites.

Chapter 10 provides the references for the main text of the report; each appendix contains its own
reference section.

Appendix A presents the integrated 200-PW-1, 200-PW-3, and 200-PW-6 OUs and 200-ZP-1
Groundwater OU human health risk evaluations for sites having sufficient characterization data to
support risk assessment. This appendix addresses the human health risk assessment methodology,
results, and uncertainties.

Appendix B presents the screening level ecological risk evaluations for all 16 of the 200-PW-1,
200-PW-3, and 200-PW-6 OU waste sites, including the methodology, results, and uncertainties.

Appendix C presents an analysis of potential regulatory requirements and available guidance with
respect to the 200-PW-1, 200-PW-3, and 200-PW-6 OU waste sites.

Appendix D presents the basis for the comparative cost estimates for the 200-PW-1, 200-PW-3, and
200-PW-6 OUs.

Appendix E presents the fate and transport evaluation of groundwater protection.

Appendix F presents the evaluation of future risk reduction for various soil removal alternatives at the
216-Z-9 Trench, 216-Z-1A Tile Field, and 216-Z-12 Crib.

Appendix G presents an additional human health risk assessment that addresses future Native
American exposure scenarios.

Appendix H presents the pipeline assessment for the 200-PW-1, 200-PW-3, and 200-PW-6 OUs that
addresses remedial activities for the pipelines associated with waste transfer operations at these OUs.

Appendix I presents the cost estimates for Post-ROD sampling activities at the 200-PW-1, 200-PW-3,
and 200-PW-6 OUs.
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2 Background Information

This chapter discusses waste sites in the 200-PW-1, 200-PW-3, and 200-PW-6 OUs. The information
includes OU background and history; physical setting; natural resources; and waste site description,
characterization, and contamination.

2.1 Operable Units Background and History

The 200-PW-1, 200-PW-3, and 200-PW-6 OU waste sites are located within the 200 Area industrial land
use area (Figure 1-1). The remediation of waste sites in these OUs will also address the portions of six
pipelines (200-W-174-PL, 200-W-205-PL, 200-W-206-PL, 200-W-208-PL, 200-W-210-PL, and
200-W-220-PL). These pipelines were used to transfer waste to 200-PW-1 and 200-PW-6 OU waste sites.
Detailed pipeline information is located in Appendix H of this document. This section summarizes the
background and history of these OUs.

211 200-PW-1 Operable Unit

From the time the Z Plant complex (now referred to as the Plutonium Finishing Plant [PFP] Complex)
came online in 1949, it generated large volumes of waste effluent. Until 1990, effluents such as cooling
water that, under normal operating conditions, contained little or no radiological contamination were
discharged to open ditches that drained to the U Pond. From 1949 until May 1973, effluents from
chemical processes and plutonium finishing activities that, under normal operating conditions, contained
low levels of plutonium and other contaminants were discharged to the soil column at subsurface
engineered waste sites. These engineered waste sites were designed to provide effective disposal of
effluent to the soil column, but were operated in a manner intended to limit adverse impacts to
groundwater. The six subsurface engineered waste sites and an associated subsurface settling tank that
received these contaminated process waste streams comprise the 200-PW-1 OU.

Three waste sites (216-Z-9 Trench, 216-Z-1A Tile Field, and 216-Z-18 Crib) primarily received waste
streams from the Recovery of Uranium and Plutonium by Extraction (RECUPLEX) or the Plutonium
Reclamation Facility (PRF) solvent extraction systems. These waste streams included acidic aqueous
phase process wastes containing plutonium and americium. This aqueous waste, referred to as High-Salt
waste, was a concentrated nitrate solution containing dissolved metal (aluminum, calcium, sodium,
magnesium) nitrates. These three sites also received significant volumes of organics (principally carbon
tetrachloride, tributyl phosphate [TBP], and lard oil), both entrained in the aqueous phase waste streams
and as separate, nonaqueous phase waste streams. These three sites were operated sequentially, being
replaced when conditions warranted (Table 2-1).

Table 2-1. Waste Sites 216-Z-9 Trench, 216-Z-1A Tile Field, and 216-Z-18 Crib

Waste Site Period of Operation Primary Waste Stream

216-Z-9 Trench 1955-1962
Acidic High-Salt aqueous wastes and organic

216-Z-1A Tile Field* 1964-1969 nonaqueous wastes, containing plutonium

and americium
216-Z-18 Crib 1969-1973

* The 216-Z-1A Tile Field received neutral to basic aqueous phase process and laboratory waste from 1949 to
1959 as overflow from the 216-Z-1 Crib and the 216-Z-3 Crib.

2-1
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The other 200-PW-1 OU waste sites (216-Z-1&2 Cribs, 216-Z-3 Crib, 216-Z-12 Crib, and 241-Z-361
Settling Tank) primarily received neutral to basic aqueous waste streams that contained plutonium and
americium, with negligible amounts of organics and no nonaqueous phase liquids. This aqueous waste,
referred to as Low-Salt waste, was primarily a dilute sodium fluoride and sodium nitrate solution when
discharged. These cribs were operated sequentially, being replaced when conditions warranted

(Table 2-2). The 241-Z-361 Settling Tank remained online for discharges to all four cribs, limiting
pass-through of suspended solids; it had no design capability to discharge wastes directly to the soil
column.

Table 2-2. Waste Sites 216-Z-1&2, 216-Z-3, 216-Z-12, and 241-Z-361

Waste Site Period of Operation Primary Waste Stream
216-Z-1&2 Cribs* 1949-1952 Neutral to basic Low-Salt aqueous wastes,
containing plutonium and americium
216-Z-3 Crib 1952-1959
216-Z-12 Crib 1959-1973
241-Z-361 Settling Tank 1949-1973

* Waste was discharged to the 216-Z-2 Crib, which overflowed to the 216-Z-1 Crib, which overflowed to the
216-Z-1A Tile Field. These two cribs also were used for limited discharges of acidic aqueous and/or uranium waste
streams from 1966 to 1969.

In the 1970s, 0.3 m (1 ft) of soil was removed from the floor of the 216-Z-9 Trench, which was
contaminated with relatively high concentrations of plutonium and americium, to reduce the risk of a
nuclear criticality reaction. Approximately 58 kg (128 Ib) of plutonium and a significant

(but undocumented) amount of americium were removed from the floor of the 216-Z-9 Trench.

Since 1992, an expedited response action in the 200-PW-1 OU has used SVE to minimize the migration
of carbon tetrachloride in the vadose zone away from the 216-Z-9 Trench, the 216-Z-1A Tile Field, and
the 216-Z-18 Crib. Three SVE systems—with capacities of 14.2 m*/min (500 ft’/min), 28.3 m*/min
(1,000 ft*/min), and 42.5 m*/min (1,500 ft’/min)—were used for continuous full-scale operations at each
of the three sites from 1992 through 1997. Since 1998, only the 14.2 m*/min (500 ft*/min) SVE system
has been in use; it typically was operated from April through September and alternated between the
216-Z-9 Well Field and the combined 216-Z-1A/216-Z-18 Well Field. Between April 1991 (the pilot test)
and September 2008, approximately 79,380 kg (175,003 Ib) of carbon tetrachloride have been removed
using the SVE systems (SGW-40456, Performance Evaluation Report for Soil Vapor Extraction
Operations at the 200-PW-1 Operable Unit Carbon Tetrachloride Site, Fiscal Year 2008). Remediation
using SVE is continuing.

Carbon tetrachloride concentrations in soil vapor extracted from the 216-Z-9 Well Field have declined
from approximately 30,000 parts per million by volume (ppmv) at startup in March 1993 to 14 ppmv in
fiscal year (FY) 2008. Carbon tetrachloride concentrations in soil vapor extracted from the combined
216-Z-1A/216-Z-18 Well Field have declined from approximately 1,500 ppmv at startup in February
1992 to 14 ppmv in FY 2008. The remaining carbon tetrachloride mass likely is held in fine-grained
layers in the vadose zone, where it is less easily removed using SVE.

Carbon tetrachloride vapor concentrations measured near the groundwater during the 1996 to 1997
200-PW-1 OU rebound study were compared to groundwater concentration data collected from nearby
groundwater wells as part of the 200-ZP-1 Groundwater OU pump-and-treat project. Based on this
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comparison, the carbon tetrachloride concentration gradient in 1997 would drive the contaminant from the
groundwater to the vadose zone.

Between 1996 and 2007, the carbon tetrachloride concentrations in the upper portion of the unconfined
aquifer underlying the primary source waste sites have also been reduced. This reduction likely has
resulted from the dual application of SVE remediation in the vadose zone and the 200-ZP-1 Groundwater
OU pump-and-treat interim remedy in the groundwater in the vicinity of the source waste sites

(216-Z-9 Trench, 216-Z-1A Tile Field, and 216-Z-18 Crib).

The reduction of carbon tetrachloride vapor concentrations in the area remediated using SVE has reduced
the threat to human health and to groundwater. In addition to the SVE system, the vadose zone in the area
of the SVE system is monitored monthly with monitoring wells, probes, and penetrometers. However, as
carbon tetrachloride concentrations in both groundwater and the vadose zone change, the direction of
contaminant movement between these media may change based on the carbon tetrachloride concentration
gradients (SGW-37111, Performance Evaluation Report for Soil Vapor Extraction Operations at the
200-PW-1 Operable Unit Carbon Tetrachloride Site, Fiscal Year 2007).

Passive SVE systems were installed on eight wells in the 216-Z-1A/216-Z-18 Well Field in FY 1999.
Passive SVE is a natural process driven by barometric pressure fluctuations and often is referred to as
“barometric pumping.” Between October 1999 and September 2008, approximately 90 kg (198 1b) of
carbon tetrachloride has been removed using passive SVE (SGW-40456).

212 200-PW-3 Operable Unit

The 200-PW-3 OU is located in the 200 East Area and consists of five waste sites: the 216-A-8 Crib, the
216-A-24 Crib, the 216-A-7 Crib, the 216-A-31 Crib, and a UPR site (UPR-200-E-56). The four cribs
received effluent derived directly or indirectly from Plutonium Uranium Extraction (PUREX) operations
(Table 2-3). The 216-A-8 Crib and the 216-A-24 Crib received vapor condensate from waste storage
tanks in tank farms associated with PUREX. The 216-A-7 Crib received sump waste from a tank farm
associated with PUREX and a one-time discharge of organic inventory, consisting of a hydrocarbon
compound that may have contained TBP, from the PUREX chemical storage area. The 216-A-31 Crib
received process waste from PUREX.

Waste streams discharged to these cribs contained fission products (primarily cesium-137 [Cs-137]), and
both aqueous and nonaqueous phase organics. The principal organic constituents were refined kerosene
(normal paraffin hydrocarbon [NPH]), TBP, and butanol. Wastes were discharged directly to the soil
column. The UPR-200-E-56 site was contaminated by liquids migrating laterally from the 216-A-24 Crib.
Cs-137 and NPH are the primary constituents of interest at these sites.

213 200-PW-6 Operable Unit

The 200-PW-6 OU contains four waste sites: the 216-Z-10 Injection/Reverse Well, the 216-Z-5 Crib, the
216-Z-8 French Drain, and the 241-Z-8 Settling Tank (Table 2-4). These waste sites received wastes from
the Plutonium Isolation Facility or the PFP Complex that contained plutonium but did not include
organics. The 216-Z-10 Injection/Reverse Well and the 216-Z-5 Crib received aqueous, neutral to basic
process and laboratory wastes from the Plutonium Isolation Facility (231-Z Building). The 241-Z-8
Settling Tank received aqueous silica gel waste from back flushes of the feed filters at RECUPLEX;
overflow from the tank went to the 216-Z-8 French Drain.
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Table 2-3. 200-PW-3 Operable Unit Waste Sites

Period
Waste Site of Operation Primary Waste Stream
216-A-8 Crib® 1955-1958 Neutral to basic Low-Salt aqueous waste,
1966-1985 (intermittent) containing organics and Cs-137
216-A-24 Crib® 1958-1966 Neutral to basic Low-Salt aqueous waste,
containing organics and Cs-137
UPR-200-E-56 Unplanned 1979 (discovery date) Neutral to basic Low-Salt aqueous waste,
Release Site” containing organics and Cs-137
216-A-7 Crib 1956-1957 Neutral to basic Low-Salt aqueous waste,
containing Cs-137
1966 Nonaqueous phase organic liquid
216-A-31 Crib 1964—-1966 Neutral to basic organic waste, containing Cs-137

a. In 1958, the 216-A-24 Crib replaced the 216-A-8 Crib. In 1966, the waste stream was diverted back from the
216-A-24 Crib to the 216-A-8 Crib. The 216-A-24 Crib was believed to be valved out of service in 1966, but the
valve was found to be open in 1979.

b. This contaminated site was discovered in 1979 during routine monitoring. Low volumes of contaminated waste
from the adjacent 216-A-24 Crib most likely seeped laterally to this location.

Table 2-4. 200-PW-6 Operable Unit Waste Sites

Primary Period
Waste Site of Operation Primary Waste Stream

216-Z-10 Injection/Reverse Well 1945 Neutral to basic Low-Salt aqueous wastes,
(February to June) containing plutonium

216-Z-5 Crib* 1945-1947 Neutral to basic Low-Salt aqueous wastes,
containing plutonium

241-Z-8 Settling Tank 1955-1962 Neutral to basic Low-Salt aqueous wastes,
containing plutonium

216-Z-8 French Drain 1955-1962 Neutral to basic Low-Salt aqueous wastes,

containing plutonium

*In 1945, the 216-Z-5 Crib replaced the 216-Z-10 Injection/Reverse Well.

2.2 Physical Setting

The following sections briefly describe the meteorology, topography, and hydrogeologic setting in the
vicinity of the 200-PW-1, 200-PW-3, and 200-PW-6 OUs.

221 Meteorology

The Hanford Site lies within the semiarid shrub-steppe Pasco Basin of the Columbia Plateau in
south-central Washington State. Climatological data for the Hanford Site are compiled at the Hanford
Meteorological Station (HMS), which is located on the Hanford Site’s Central Plateau, just outside the
northeast corner of the 200 West Area and about 4 km (3 mi) west of the 200 East Area.

24
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The prevailing surface winds on Hanford’s Central Plateau are from the northwest, and occur most
frequently during the winter and summer. The HMS reported wind speeds, from 1945 through 2004, at
15.2 m (50 ft) above the ground that are lower during the winter months, averaging 2.7 to 3.1 m/s

(6 to 7 mi/h), and faster during the spring and summer, averaging 3.6 to 4.0 m/s (8 to 9 mi/h).

Based on data collected from 1946 through 2004, the average monthly temperatures at the HMS range
from a low of -0.7°C (31°F) in January to a high of 24.7°C (76°F) in July. The record maximum
temperature, 45°C (113°F) occurred at the HMS on July 13, 2002, and August 4, 1961, The record
minimum temperature, -31°C (-23°F) occurred on February 1 and 3, 1950. The annual average relative
humidity at the HMS is 55 percent. The annual average dew point temperature at the HMS is 1°C (34°F).

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

Concerns about severe weather usually center on hurricanes, tornadoes, and thunderstorms. Washington
does not experience hurricanes; and tornadoes are rare and generally small. The estimated probability of a
tornado striking a point on the Hanford Site is 9.6 x 10°/yr. The average occurrence of thunderstorms
near the HMS is 10 per year according to the Pacific Northwest National Laboratory (PNNL) Hanford
NEPA (PNNL-6415, Hanford Site National Environmental Policy Act [NEPA] Characterization).

2.2.2 Topography

The 200-PW-1, 200-PW-3, and 200-PW-6 OU waste sites are located in the 200 East and 200 West Area
of the Hanford Site. The 200 Area is located on a broad, relatively flat area that constitutes a local
topographic high commonly referred to as the 200 Area Plateau. The plateau is a giant flood bar

(Cold Creek Bar) that was formed during cataclysmic ice-age floods from glacial Lake Missoula.

The flood bar may have started forming during the earliest floods 1 to 2 million years ago. The Cold
Creek Bar trends generally east-west, with elevations between 197 and 225 m (647 to 740 ft). The plateau
drops off rather steeply to the north and east into a former flood channel that runs east-southeast, with
elevation changes of between 15 and 30 m (50 and 100 ft). The plateau gently decreases in elevation to
the south into the Cold Creek valley. Most of the 200 West Area and the southern half of the

200 East Area are situated on the Cold Creck Bar, while the northern half of the 200 East Area lies on the
edge of a former flood channel. A secondary flood channel running south from the main channel bisects
the 200 West Area. More detail on the physical setting of the 200 Area and vicinity is provided in the
Implementation Plan, Appendix F (DOE/RL-98-28).

Waste sites in the 200 West Area are situated on a relatively flat area within the secondary flood channel
that bisects the 200 West Area. Surface elevations range from approximately 201 to 217 m

(660 to 712 ft). Waste site surface elevations in the 200 East Area range from about 189 m (620 ft) in the
northern portion to about 220 m (720 ft) in the southern portion. The ground surface in the 200 East Area
slopes gently to the northeast.

223 Geology

The 200-PW-1, 200-PW-3, and 200-PW-6 OU waste sites are located in the Pasco Basin, one of several
structural and topographic basins of the Columbia Plateau. Basalts of the Columbia River Basalt Group
and a sequence of suprabasalt sediments underlie the waste sites. From oldest to youngest, the major
geologic units of interest are the Elephant Mountain Member of the Saddle Mountains Basalt Formation,
the Columbia River Basalt Group, the Ringold Formation, the Cold Creek Unit (CCU), the Hanford
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formation, and surficial deposits. Figures 2-1 and 2-2 show the stratigraphy of the 200 Area and the major
units of interest.

2.2.3.1 Elephant Mountain Member

The Elephant Mountain Member of the Saddle Mountains Basalt Formation is the uppermost basalt unit
(i.e., bedrock) in the 200 Area (DOE/RL-98-28, Appendix F). Except for a small area north of the

200 East Area boundary where it has been eroded away, the Elephant Mountain Member is laterally
continuous throughout the 200 Area. The RI field investigations for the 200-PW-1, 200-PW-3,

and 200-PW-6 OUs did not penetrate to the basalt.

2.2.3.2 Ringold Formation

The Ringold Formation consists of an interstratified fluvial-lacustrine sequence of unconsolidated to
semiconsolidated clay, silt, sand, and granule-sized gravel to cobbles that were deposited by the ancestral
Columbia River (PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-East
Area and Vicinity, Hanford Site, Washington, and PNNL-13858, Revised Hydrogeology for the
Suprabasalt Aquifer System, 200-West Area and Vicinity, Hanford Site, Washington). These sediments,
shown in Figure 2-2, consist of four major units (from oldest to youngest): the fluvial gravel and sand of
Unit 9 (basal coarse); the buried soil horizons, overbank, and lake deposits of Unit 8 (lower mud); the
fluvial sand and gravel of Unit 5 (upper coarse); and the lacustrine mud of Unit 4 (upper fines). Units 9
and 5 consist of silty-sandy gravel with secondary lenses and interbeds of gravelly sand, sand, and muddy
sands to silt and clay. Unit 8 (lower mud) consists mainly of silt and clay. Unit 4 (upper fines) consists of
silty overbank deposits and fluvial sand. Units 6 and 7 are not present beneath the 200 West and

East Areas; Unit 4 is not present in the 200 East Area, and it is discontinuous in the 200 West Area
(PNNL-12261 and PNNL-13858). The two RI boreholes at the 216-Z-9 Trench penetrated into the
Ringold Formation Unit 5. The RI borehole at the 216-A-8 Crib penetrated into the Ringold Formation
Unit 9. Boreholes drilled as part of the carbon tetrachloride-dispersed plume investigation also penetrated
into the Ringold Formation Unit 5.

2.2.3.3 Cold Creek Unit

The CCU includes several post-Ringold Formation and pre-Hanford formation units present beneath a
portion of the 200 East and West Areas (DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for
Post-Ringold-Formation Sediments Within the Central Pasco Basin). The CCU includes the sediments
formerly identified as the Plio-Pleistocene unit, caliche, early Palouse soil, pre-Missoula gravels, and
sidestream alluvial facies in previous site reports. The CCU has been divided into five lithofacies:
fine-grained, laminated to massive (fluvial overbank and/or eolian deposits, formerly the early Palouse
soil); fine- to coarse-grained, calcium-carbonate cemented (calcic paleosol, formerly the caliche);
coarse-grained, multilithic (mainstream alluvium, formerly the pre-Missoula gravels); coarse-grained,
angular, basaltic (colluvium); and coarse-grained, rounded, basaltic (sidestream alluvium, formerly
sidestream alluvial facies; DOE/RL-2002-39). The two RI boreholes at the 216-Z-9 Trench penetrated the
CCU. At the 216-Z-9 Trench, the CCU is present from about 33 to 36 m (108 to 118 ft) depth and
comprises two distinct layers. The upper silt layer is about 2.5 m (8 ft) thick, and the lower calcic paleosol
layer is about 0.5 m (2 ft) thick and is composed of a variable mixture of gravel, sand, and silt with a
calcium-carbonate cemented matrix. The RI borehole drilled to investigate the 216-A-8 Crib did not
encounter the CCU, because it is not present in the vicinity of the 216-A-8 Crib.
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Figure 2-2. Generalized Stratigraphic Column for the 200 Area
2.2.3.4 Hanford Formation

The Hanford formation is the informal stratigraphic name used to describe the Pleistocene cataclysmic
flood deposits in the Pasco Basin (DOE/RL-2002-39). The Hanford formation consists predominantly of
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unconsolidated sediments that range from boulders to gravel, sand, silty sand, and silt. The sorting ranges
from poorly sorted (for gravel facies) to well sorted (for fine sand and silt facies). The Hanford formation
is divided into three main facies associations: interbedded sand- to silt-dominated (formerly called the
Touchet beds or slackwater facies); sand-dominated (formerly called the sand-dominated flood facies);
and gravel-dominated (formerly called the Pasco gravels), which have been further subdivided into

11 textural-structural lithofacies (DOE/RL-2002-39). Beneath the waste sites and the adjacent areas, the
Hanford formation includes all three facies associations. The gravel-dominated facies are cross-stratified,
coarse-grained sands and granule-size gravel to boulders. The gravel is uncemented and matrix-poor.

The sand-dominated facies are well-stratified fine- to coarse-grained sand and granule gravel. Silt in these
facies is variable and may be interbedded with the sand. Where the sand and silt content is low in the
gravel-dominated facies, an open framework texture is common. Clastic dikes are common in the Hanford
formation but rare in the Ringold Formation (Implementation Plan, DOE/RL-98-28, and
DOE/RL-2002-39). They appear as vertical to subvertical sediment-filled structures, especially within
sand- and silt-dominated units (Figure 2-1). The two RI boreholes at the 216-Z-9 Trench and the RI
borehole at the 216-A-8 Crib penetrated the Hanford formation. In general, from shallowest to deepest,
the Hanford formation units encountered beneath the 200 West Area included an upper fines unit
(Hanford formation upper fines), the upper gravel-dominated sequence (H1), a sand-dominated sequence
(H2), and a lower gravel-dominated sequence (H3). Not all of these units are laterally continuous beneath
the waste sites.

The cataclysmic floodwaters that deposited sediments of the Hanford formation locally reshaped the
topography of the Pasco Basin. The floodwaters deposited a thick sand and gravel bar (Cold Creek Bar)
that constitutes the higher southern portion of the 200 Area, informally known as the 200 Area Plateau. In
the waning stages of the ice-age floods, these floodwaters also eroded a channel north of the 200 Area in
the area currently occupied by West Lake and the former Gable Mountain Pond. The pre-Hanford
formation erosion and the floodwaters removed all of the Ringold Formation from this area and deposited
Hanford formation sediments directly over basalt.

2.2.3.5 Surficial Deposits

Surficial deposits include Holocene eolian sheets of sand that form a thin veneer over the Hanford
formation across the site, except in localized areas where the deposits are absent. Surficial deposits
consist of very fine- to medium-grained sand to occasionally silty sand. Fill material was placed in and
over some waste sites during construction and for contamination control. The fill consists of reworked
Hanford formation sediments and/or surficial sand and silt.

2.2.3.6 Hydrostratigraphy

Vadose zone hydrostratigraphic units in the 200-PW-1, 200-PW-3, and 200-PW-6 OUs include the
Ringold Formation, the CCU, the Hanford formation, and surficial deposits. The base of the unconfined
aquifer typically is the top of the Ringold Formation Unit 8 (lower mud) within the 200 West Area and
the top of the basalt (Elephant Mountain Member) in the 200 East Area.

2.2.3.7 Vadose Zone

The vadose zone is the unsaturated interval between the ground surface and the water table. The vadose
zone is approximately 104 m (340 ft) thick in the southern section of the 200 East Area and thins to the
north to as little as 0.3 m (1 ft) near West Lake. Sediments in the vadose zone are dominated by the
Hanford formation, although the CCU and part of the Ringold Formation are above the water table in the
200 West Area. Because erosion during cataclysmic flooding removed much of the Ringold Formation
north of the central part of the 200 East Area, the vadose zone predominantly comprises Hanford
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formation sediments between this area and Gable Mountain to the north. Basalt also projects above the
water table in the northern part of the 200 East Area.

In the 200 West Area, the vadose zone thickness ranges from 40 to 75 m (132 to 246 ft). Sediments in the
vadose zone are the Ringold Formation, the CCU, and the Hanford formation. Erosion during cataclysmic
flooding removed some of the CCU and the Ringold Formation, especially in the northern part of the

200 West Area.

Historically, and as recently as the early 1990s, perched water has been documented above the CCU at
locations in the 200 West Area. While liquid waste facilities were operating, localized areas of saturation
or near saturation were created in the soil column. With the reduction of artificial recharge from waste
facilities in the 200 Area in 1995, downward flux of liquid in the vadose zone beneath these waste sites
has been decreasing.

2.2.3.8 Unconfined Aquifer

The top of the unconfined aquifer in the 200 Area occurs within the Ringold Formation, the CCU, or the
Hanford formation, depending on location. The base of the unconfined aquifer is the top of the Ringold
Formation Unit 8 (lower mud), or the top of the basalt where Unit 8 is absent at the 200 West Area, and
the top of the basalt in the 200 East Area. Groundwater in the unconfined aquifer flows from recharge
areas where the water table is higher (west of the Hanford Site) to areas where it is lower, near the
Columbia River (PNNL-16346, Hanford Site Groundwater Monitoring for Fiscal Year 2006). In the
northern half of the 200 East Area, the water table is present within the Hanford formation, except in
arcas where basalt extends above the water table. In the central and southern parts of the 200 East Area,
the water table is located near the contact between the Ringold Formation and the Hanford formation.
Depth to groundwater in the 200 East Area and vicinity ranges from about 54 m (177 ft) near the former
B Pond area to about 104 m (340 ft) near the southern boundary of the 200 East Area. The water table
across the 200 East Area is very flat, making it difficult to determine groundwater flow direction based on
water level measurements from monitoring wells. The configuration of contaminant groundwater plumes,
however, indicates that groundwater flows to the northwest in the northern half of the 200 East Area and
to the east/southeast in the southern half of the 200 East Area. Identifying the specific location of the
groundwater divide between the northern and southern sections is difficult because of the flat water table.
The highly transmissive Hanford formation sediments are the cause of the flat water table in the

200 East Area.

The water table has been declining since surface liquid discharges were terminated in the 200 East Area
in the mid-1990s. In the 200 East Area, the elevation of the water table declined by an average of 0.07 m
(0.2 ft) from March 2005 to April 2006. This is less than the previous annual decline (0.13 m [0.4 ft] from
March 2004 to March 2005, PNNL-15670, Hanford Site Groundwater Monitoring for Fiscal Year 2005),
and is below the average rate of decline observed from June 1997 to March 2002 (0.17 m/yr [0.56 ft/yr])
(PNNL-16346).

Groundwater beneath the 200 West Area occurs primarily in the Ringold Formation. Depth to water
varies from about 40.2 m (132 ft) to greater than 75 m (246 ft). In the 200 West Area, groundwater in the
unconfined aquifer typically flows from west to east. The surface elevation of the water table beneath the
200 West Area currently is declining at an average rate of 0.31 m/yr (1 ft/yr) in those areas not influenced
by the 200-ZP-1 Groundwater OU pump-and-treat remediation system (PNNL-16346).

Recharge to the unconfined aquifer in the 200 Area is from artificial sources and, less significantly, from
natural precipitation. According to estimates, 1.7 trillion L (450 billion gal) of liquid waste, some
containing radionuclides and hazardous chemicals, have been released to the ground at the Hanford Site
since 1944. Much of this contamination remains in the vadose zone above the water table, but some of the
more mobile contaminants have reached groundwater (DOE/RL-2002-68, Hanford’s Groundwater
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Management Plan: Accelerated Cleanup and Protection). Most sources of artificial recharge were
terminated in 1995, The current artificial recharge is limited to liquid discharges from sanitary sewers,
two state-approved land disposal structures (one east of the 200 East Area and one north of the

200 West Area), and 140 small volume, uncontaminated miscellaneous liquid discharge streams.

2.3 Natural Resources

Natural resources in the vicinity of the 200-PW-1, 200-PW-3, and 200-PW-6 OUs include vegetation and
wildlife resources. A wildfire in 2000, in and around the Hanford Site, did not affect any waste sites
considered in this FS.

Biological and ecological information aids in evaluating impacts to the environment from contaminants in
the soils, including potential effects of implementing remedial actions and identification of sensitive
habitats and species. This section also considers cultural and aesthetic resources and socioeconomics
associated with activities in the 200 Area.

2.3.1 Vegetation

PNNL-6415 reports that the undisturbed portions of the 200 Area are characterized by sagebrush/
cheatgrass or sagebrush/Sandberg’s bluegrass communities. The dominant plants on the 200 Area Plateau
are big sagebrush, rabbitbrush, cheatgrass, and Sandberg’s bluegrass. Of the vegetation types found on the
Hanford Site adjacent to the 200-PW-1, 200-PW-3, and 200-PW-6 OUs, those with a shrub component
(i.e., big sagebrush, threetip sagebrush [Artemisia tripartita], bitterbrush [Purshia tridentata], gray
rabbitbrush [Ericameria nauseousa previously Chrysothamnus nauseosus), green rabbitbrush
[Chrysothamnus viscidiflorus], black greasewood [Sarcobatus vermiculatus], winterfat
[Krascheninnikovia {Ceratoides} lanata], snow buckwheat [Eriogonum niveum), and spiny hopsage
[Grayia (Atriplex) spinosa] are considered shrub-steppe.) These stands typically have an understory
dominated by bunchgrasses such as bluebunch wheatgrass (Pseudoroegnaria spicata previously
Agropyron spicatum), Sandberg’s bluegrass (Poa sandbergii [secunda]), needle-and-thread grass
(Hesperostipa comata previously Stipa comata), Indian ricegrass (Achnatherum hymenoides previously
Oryzopsis hymenoides), bottlebrush squirreltail (Elymus elymoides previously Sitanion hysterix), and
prairie junegrass (Koeleria cristata), as well as a number of broad leaf forbs. Heavily grazed or disturbed
areas on the Hanford Site often have an understory dominated by cheatgrass.

Disturbance and active management have either completely denuded or significantly reduced the species
more typical of undisturbed sites in the 200 Area at each of the waste sites in the 200-PW-1, 200-PW-3,
and 200-PW-6 OUs.

Before RI field activities began, excavation permits were obtained for the 216-Z-9 Trench, 216-Z-1A Tile
Field, and 216-A-8 Crib. As part of the excavation-permit process for site investigation activities,
ecological compliance reviews (ECRs) were issued by PNNL for the 216-Z-9 Trench
(ECR#2006-200-031, Biological Review of the Stage 5 VET Probes Project, 200W Area) on April 13,
2006; the 216-Z-1A Tile Field (ECR#2005-200-045, Biological Review of the Cone Penetrometer Probes
South of 234-5Z Project, 200 W Area) on May 19, 2005; and the 216-A-8 Crib (ECR#2004-200-048,
Biological Review of the Borehole and Geoprobe Casings Installation at 216-A-8 Project, 200W Area) on
February 26, 2004. The ECR consisted of a biological review to determine the occurrence in the project
area of plant species protected under the Endangered Species Act of 1973 (ESA), candidates for
protection; and species listed as threatened, endangered, candidate, sensitive, or monitored by the State of
Washington. The ECR survey methods consisted of pedestrian visual reconnaissance at the 216-Z-9
Trench and 216-Z-1A Tile Field and knowledge of priority habitats and species of concern for each
respective site documented by the Washington State Department of Fish and Wildlife and the Washington
State Department of Natural Resources. Lists of plant species considered endangered, threatened,
proposed, or candidate by the U.S. Fish and Wildlife Service (USFWS) are maintained in 50 CFR 17.12,
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“Endangered and Threatened Wildlife and Plants,” “Endangered and Threatened Plants.” The survey
results at the 216-Z-9 Trench found that the area was highly disturbed with an essentially barren sand and
gravel ground surface. The ECR found no plant species protected under the ESA, no candidates for such
protection, and no species listed by Washington State as threatened or endangered near the 216-Z-9
Trench. Ground surface conditions at the 216-Z-8 French Drain and 216-Z-10 Injection/Reverse Well are
considered similar to those at the 216-Z-9 Trench. The 241-Z-361 Settling Tank is located inside the PFP
and thus is located in a highly disturbed environment and considered similar to that of the 216-Z-9
Trench. The survey results at the 216-Z-1A Tile Field found the area highly disturbed by windblown
sand, resulting in the elimination of most forbs and grasses. The area was dominated by gray rabbitbrush
(Ericameria nauseousa) with little understory. The ECR found no plant species protected under the ESA,
no candidates for such protection, and no species listed by Washington State as threatened or endangered
near the 216-Z-1A Tile Field. The survey results at the 216-A-8 Crib reported that the site had been
revegetated with crested wheatgrass (Agropyron cristatum) and maintained free of broadleaf plants with
regular herbicide applications. The ECR found no plant species protected under the ESA, no candidates
for such protection, and no species listed by Washington State as threatened or endangered near

the 216-A-8 Crib.

232 Wildlife

The shrub and grassland habitat of the Hanford Site supports many groups of terrestrial wildlife. Species
may include large animals like Rocky Mountain elk (Cervus elaphus) and mule deer

(Odocoileus hemionus); predators such as coyote (Canis latrans), bobcat (Lynx rufus), and badger
(Taxidea taxus); and herbivores including deer mice (Peromyscus maniculatus), harvest mice
(Riethrodontonomys megalotis), ground squirrels (Spermophilus spp.), voles (Lagurus spp.,

Microtus spp.), and black-tailed jackrabbits (Lepus californicus). The most abundant mammal on the
Hanford Site is the Great Basin pocket mouse (Perognathus parvus). Many of the rodent species and
some predators (badgers) construct burrows on the site. Other nonburrowing animals including cottontails
(Sylvilagus nutalli), jackrabbits, snakes, and burrowing owls (Athene cunicularia) may use abandoned
burrows of other animals.

The largest mammal potentially frequenting the 200-PW-1, 200-PW-3, and 200-PW-6 OUs is the mule
deer. Mule deer collect around the 200 Area, away from the river, and constitute a grouping named the
Central Population. The Rattlesnake Hills herd of elk inhabiting the Hanford Site primarily occupies the
Fitzner-Eberhardt Arid Lands Ecology Reserve and private lands adjoining the reserve to the south and
west; they are occasionally seen on the 200 Area Plateau.

Common upland gamebird species in shrub and grassland habitat include chukar (Alectoris chukar),
partridge (Perdix perdix), California quail (Callipepla californica), and ring-necked pheasant
(Phasianus colchicus). Chukars are most numerous in the Rattlesnake Hills, Yakima Ridge, Umtanum
Ridge, Saddle Mountains, and Gable Mountain areas of the Hanford Site. Less common species include
greater sage grouse (Centrocercus urophasianus), and scaled quail (Callipepla squamata). Greater sage
grouse historically were abundant on the Hanford Site; however, populations have declined since the
early 1800s.

Among the more common raptor species to use shrub and grassland habitat are the ferruginous hawk
(Buteo regalis), Swainson’s hawk (B. swainsoni), and red-tailed hawk (B. jamaicensis). Northern harriers
(Circus cyaneus), sharp-shinned hawks (Accipiter striatus), rough-legged hawks (B. lagopus), and golden
eagles (Aquila chrysaetos) also occur in this habitat, although infrequently.

The side-blotched lizard (Uta stansburiana) is the most abundant reptile species occurring on the
Hanford Site. Short-horned (Phrynosoma douglassii) and sagebrush (Sceloporus graciosus) lizards are
found on the Hanford Site but occur infrequently. The most common snake species include gopher snake
(Pituophis melanoleucus), yellow-bellied racer (Coluber constrictor), and western rattlesnake
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(Crotalus viridis). Many species of insects occur throughout habitats on the Hanford Site. Butterflies,
grasshoppers, and darkling beetles are among the most conspicuous of the about 1,500 species of insects
identified from specimens collected on the Hanford Site. The actual number of insect species occurring on
the Hanford Site may reach as high as 15,500 (PNNL-6415).

An inventory was performed on three selected waste sites to evaluate occurrences of potential

Hanford Site fauna; specifically, the ECRs issued for the 216-Z-9 Trench, the 216-Z-1A Tile Field, and
the 216-A-8 Crib also considered wildlife resources. The PNNL biological review in the project area
determined the occurrence of wildlife species protected under the ESA, candidates for protection; species
listed as threatened, endangered, candidate, sensitive, or monitored by the State of Washington; and
species protected under the Migratory Bird Treaty Act of 1918. The survey methods consisted of
pedestrian visual reconnaissance at the 216-Z-9 Trench and the 216-Z-1A Tile Field and knowledge of
priority habitats and species of concern documented for each respective site by the Washington
Department of Fish and Wildlife. Lists of wildlife species considered endangered, threatened, proposed,
or candidate by the USFWS are maintained in 50 CFR 17.12, and the list of birds protected under the
Migratory Bird Treaty Act of 1918 are maintained in 50 CFR 10.13, “General Provisions,” “List of
Migratory Birds.” The survey results at the 216-Z-9 Trench found no migratory birds observed nesting in
the vicinity of the site. The ECR found no wildlife species protected under the ESA, no candidates for
such protection, and no species listed by Washington State as threatened or endangered were observed in
the vicinity of the 216-Z-9 Trench. Ground surface conditions at the 216-Z-8 French Drain and

216-Z-10 Injection/Reverse Well are similar to those at the 216-Z-9 Trench. The 241-Z-361 Settling Tank
is located inside the PFP and is located in a highly disturbed environment, similar to that of the

216-Z-9 Trench. The survey results at the 216-Z-1A Tile Field reported that no migratory birds were
observed nesting in the vicinity of the site. The ECR also found no wildlife species protected under the
ESA, no candidates for such protection, and no species listed by Washington State as threatened or
endangered in the vicinity of the 216-Z-1A Tile Field. The survey results at the 216-A-8 Crib reported
there was a possibility of migratory birds nesting at the site. Nevertheless, the ECR found no wildlife
species protected under the ESA, no candidates for such protection, and no species listed by Washington
State as threatened or endangered in the vicinity of the 216-A-8 Crib.

2.3.3 Species of Concern

The Hanford Site is home to a number of species of concern, but many of these are associated with the
Columbia River and its shoreline, not the Central Plateau.

Several threatened, endangered, and candidate species are found on the Central Plateau. These species are
detailed in Table 2-5. Fauna are managed by the Washington Department of Fish and Wildlife, and
migratory birds are protected by the Migratory Bird Treaty Act of 1918. Species that are associated with
specific localities or altitude not within the Central Plateau, or whose habit is riparian or river shore, are
omitted with the exceptions of the bald eagle (Haliaeetus leucocephalus), the peregrine falcon

(Falco peregrinus), and the golden eagle (Aquila chrysaetos). It should be noted that the bald and golden
eagles are protected by the Bald and Golden Eagle Protection Act of 1940. While these species are
dependent on the river corridor, they are occasionally observed on the Central Plateau. Additionally, the
pygmy rabbit (Brachylagus idahoensis), a federal and state endangered species, has not been observed on
the Central Plateau but has been seen on the Arid Lands Ecology Reserve and is included in Table 2-5.
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State Federal
Common Name(s) Scientific Name(s) Listing Listing
Plants
Great Basin gilia Aliciella leptomeria T None
Geyer’s milk-vetch Astragalus geyeri T None
Rosy pussypaws/rosy calyptridium Cistanthe rosea T None
Desert dodder Cuscuta denticulata T None
Loeflingia Loeflingia squarrosa var. squarossa T None
Small-flowered evening primrose Camissonia minor S None
Dwarf evening-primrose Camissonia pygmaea S None
Gray cryptantha Cryptantha leucophaea S None
Piper’s daisy Erigeron piperianus S None
Suksdorf's monkey-flower Mimulus suksdorfii S None
Coyote tobacco Nicotiana attenuata S None
Birds
Sage sparrow Amphispiza belli E None
Ferruginous hawk Buteo regalis T SC
Greater sage grouse Centrocercus urophasianus A Cc
Burrowing owl Athene cunicularia Cc SC
Golden eagle* Aquila chrysaetos C None
Loggerhead shrike Lanius ludovicianus Cc SC
Sage thrasher Oreoscoptes montanus C None
Bald eagle* Haliaeetus leucocephalus S SC
Peregrine falcon Falco peregrinus S SC
Mammals

Pygmy rabbit Brachylagus idahoensis E E
Black-tailed jackrabbit Lepus californicus Cc None
White-tailed jackrabbit Lepus townsendii C None
Merriam’s shrew Sorex merriami Cc None
Townsend’s ground squirrel Spermophilus townsendii C SC
Washington’s ground squirrel Spermophilus washingtoni Cc C
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Table 2-5. Potential Species of Concern on the Central Plateau

State Federal
Common Name(s) Scientific Name(s) Listing Listing

Amphibians and Reptiles

Striped whipsnake Masticophis taeniatus Cc None

Northern sagebrush lizard Sceloporus graciosus C SC

* Bald and golden eagles are protected by the Bald and Golden Eagle Protection Act.

WDFW, 2009, “Species of Concern in Washington State,” Current through June 1, 2009

WNHIS, 2009, “List of Known Occurrences of Rare Plants and Animals in Washington”

WHNP, 2009, “List of Plants Tracked by the Washington National Heritage Program,” January 2009
C = Candidate

E = Endangered

S = Sensitive

SC= Species of Concern
T = Threatened

Plant and animal species of concern, their designations, and the places of their occurrence can change
over time. At this time, it is not anticipated that remediation of the 200-PW-1/3/6 OU will affect any
species of concern, but incorporating the needs of these species into project planning will help to mitigate
any potential effects. Especially important is avoiding, where possible, undisturbed shrub-steppe habitat
because this is important to many species of concern. The undisturbed shrub steppe in the Central Plateau
was designated as Level 3 habitat in DOE/RL-96-32, Hanford Site Biological Resources Management
Plan, which requires mitigation of any disturbance (for example, through avoidance and minimization)
and possibly rectification and compensation. Additional details on protecting Level 3 habitats and species
of concern are provided in DOE/RL-96-32. In addition, site-specific environmental surveys, required
before ground disturbance can occur, serve as a final check to ensure that ecological resources are
adequately protected.

2.34 Cultural Resources

Much of the 200 Area has been altered by Hanford Site operations. The Hanford Cultural Resources
Laboratory conducted a comprehensive archaeological resources survey of the fenced portions of the

200 Area during 1987 and 1988. The results do not indicate evidence of cultural resources associated with
the Native American cultural landscape, early settlers/farming landscape, or archaeological discoveries
associated with the 200-PW-1, 200-PW-3, and 200-PW-6 OUs (PNNL-6415).

As part of the excavation permit process for RI field activities, NPCE#2006-200-031, Cultural Resource
Review Notices to Proceed (Rodriguez, 2006), was obtained to determine the potential of the RI activities
to have an impact on cultural resources. At the 216-Z-9 Trench, planned RI characterization activities
were determined by the DOE Cultural and Historic Resource Program on June 8, 2006, to not have an
effect on cultural resources (NPCE#2006-200-031). Review of historic properties by aerial and recent
photographs of the 216-Z-9 Trench confirmed ground surface disturbance of the waste site. At the
216-Z-1A Tile Field, planned RI characterization activities were determined by the DOE Cultural and
Historic Resource Program on May 16, 2005, not to have an effect on historic properties
(HCRC#2005-200-045, Cultural Resource Review Notices to Proceed [McFarland, 2005]). The survey
consisted of a literature review indicating the 216-Z-1A Tile Field had little potential to contain cultural
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resources. The National Historic Preservation Act of 1966 requires agencies to consult with the State
Historic Preservation Officer and the Advisory Council on Historic Preservation to ensure that all
potentially significant cultural resources, including structures and associated sites, were adequately
identified, evaluated, and considered in planning for a proposed undertaking (e.g., remediation,
renovation, or demolition) (DOE/RL-97-56, Hanford Site Manhattan Project and Cold War Era Historic
District Treatment Plan). The subject waste sites do not contain any examples of buildings or structures
associated with the Manhattan Project and Cold War landscape that are eligible for the National Register
as contributing properties within the Historic District requiring individual documentation (PNNL-6415).
Historic preservation requirements are not applicable for the 216-Z-1A Tile Field, 216-Z-8 French Drain,
216-Z-9 Trench, 216-Z-10 Injection/Reverse Well, 216-A-8 Crib, or 241-Z-361 Settling Tank, upon
evaluation and classification as noncontributing/exempt from documentation requirements as historical
properties (DOE/RL-97-56).

2.3.5 Aesthetics, Visual Resources, and Noise

With the exception of Rattlesnake Mountain, the land near the Hanford Site generally has little relief.
Rattlesnake Mountain, rising to 1,060 m (3,477 ft) above mean sea level, forms the western boundary of
the Hanford Site. Gable Mountain and Gable Butte are the highest landforms within the Site.

The Columbia River and Rattlesnake Mountain generally are considered scenic.

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

2.3.6  Socioeconomic

As reported in PNNL-6415, activity on the Hanford Site plays a dominant role in the socioeconomics of
the Tri-Cities (i.e., the Cities of Pasco, Richland, and Kennewick, Washington) and other parts of Benton
and Franklin Counties. The agricultural community also has a significant effect on the local economy.
Any major changes in Hanford Site activity would potentially affect the Tri-Cities and other areas of
Benton and Franklin Counties.

DOE and its contractors compose the largest single source of employment in the Tri-Cities. During

FY 2006, an average of 9,759 employees was employed by DOE Office of River Protection and its prime
contractor CH2M HILL Hanford Group, Inc.; DOE-RL and its prime contractors Fluor Hanford, Inc.,
Washington Closure Hanford, LLC (WCH), and AdvanceMed Hanford; and the DOE Office of Science
Pacific Northwest Site Office and PNNL, which is operated by Battelle. FY 2006 year-end employment
for all DOE contractors was 9,707, down from 10,135 at the end of FY 2005. In addition to these totals,
Bechtel National, Inc. (BNI), which has had the responsibility to design, build, and start up waste
treatment facilities for the vitrification of liquid radioactive waste since December 2000, employed 1,647
at the end of FY 2006. BNI employment peaked at 3,867 in July 2004.

The total annual average number of DOE contractor employees has declined by nearly 7,600 since

FY 1994 when employment peaked at 19,200 employees, but DOE contractor employment still represents
11 percent of the total jobs in the economy. Total employment in the Richland, Kennewick, and Pasco
metropolitan statistical area averaged 106,100 per month during 2006, down from 107,700 in 2005. Based
on employee records as of April 2007, more than 90 percent of DOE contractor employees live in Benton
and Franklin Counties. Approximately 73 percent reside in Richland, Pasco, or Kennewick. More than

36 percent are Richland residents, 11 percent are Pasco residents, and 25 percent live in Kennewick.
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Residents of other areas of Benton and Franklin Counties, including West Richland, Benton City, and
Prosser, account for about 17 percent of total DOE contractor employment.

In addition to the Hanford Site, other key employers in the area include:

e Energy Northwest

e ConAgra/Lamb Weston

e Tyson Fresh Meats

e Wal-Mart

e AREVA NP, Inc.

e Boise Cascade Corporation Paper and Corrugated Container Divisions

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

Benton County had an estimated population of 160,600 and 64,200 lived in Franklin County during 2006,
totaling 224,800, an increase of more than 17 percent from the 2000 Census figure. This growth rate is
faster than the State of Washington as a whole, which has grown 8.2 percent since the 2000 Census.
According to the 2000 Census, population totals for Benton and Franklin Counties were 142,475 and
49,347, respectively. Both Benton and Franklin Counties also grew at a faster pace than the rest of the
state during the 1990s. The population of Benton County increased 42.7 percent, up from 112,560 during
1990, and the population of Franklin County increased 71.3 percent, up from 37,473 during 1990, while
the population of the State of Washington rose 21.1 percent.

Based on the 2000 census, the 80 km (50 mi) radius area surrounding the Hanford Site had a total
population of 482,300 and a minority population of 178,500. The ethnic composition of the minority
population is primarily Hispanic (24 percent), self-designated “other and multiple races” (63 percent), and
Native American (6 percent). Asians and Pacific [slanders (4 percent) and African Americans (3 percent)
make up the remainder of the population in the area. The Hispanic population resides predominantly in
Franklin, Yakima, Grant, and Adams Counties. Native Americans within the 80 km (50 mi) area reside
primarily on the Yakama Reservation and upstream of the Hanford Site near the town of

Beverly, Washington.

24 \Waste Site Description, Characterization, and Contamination

This section provides a description of the 16 waste sites, grouped by OU. Each description includes a
discussion of the waste site configuration, a summary of characterization results, and a discussion of
contaminant distribution at the site.

Figures 2-3 through 2-18 present contaminant distribution models for each waste site. The current
contaminant distributions, which are summarized in these figures, are based on review of all available
information for each site (DOE/RL-2006-51, Appendix E). The current contaminant distribution at each
site resulted from vadose zone conditions that were present during active liquid waste management, when
large volumes (typically millions of liters) of contaminated liquids were being discharged directly to the
soil column. Under those conditions, effluent and associated mobile contaminants readily migrated
vertically and, in some instances, laterally in the subsurface. However, current subsurface conditions at
these waste sites are dramatically different. No liquids have been discharged to the soil for decades, and
the only liquid entering the subsurface in the interim has been a very small amount of infiltrating
precipitation, measured in millimeters per year. In addition, SVE has been conducted for 15 years at or
near all of the sites that have high concentrations of plutonium and americium, and has helped to remove
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residual moisture from the vadose zone beneath these sites. As a result, there now is only limited potential
for transporting even very mobile contaminants toward groundwater.

Also, as discussed in Section 2.5, the deeper distribution of plutonium and americium observed at
High-Salt waste sites was facilitated by the low pH of the effluent at the time of discharge. Buffering of
the effluent pH by the alkaline native soils limited the extent of radionuclide contamination. Even during
active waste management, when large volumes of acidic liquids were discharged directly to the soil
column, only limited amounts of plutonium and americium were able to reach the CCU. Current
conditions, where water infiltrating to the subsurface is neutral pH precipitation and measured in
millimeters per year, are not expected to support mobilization of the plutonium and americium.

241 200-PW-1 Waste Sites

The following sections describe the waste sites assigned to the 200-PW-1 OU. Waste sites that received
High-Salt wastes are addressed first, and include the 216-Z-9 Trench, the 216-Z-1A Tile Field, and the
216-Z-18 Crib. These are followed by the sites that received Low-Salt waste, including the 216-Z-12
Crib, the 216-Z-1 Crib, the 216-Z-2 Crib, and the 216-Z-3 Crib. A discussion of the 241-Z-361 Settling
Tank, which was used to manage Low-Salt wastes, closes out the section.

2.4.1.1 216-Z-9 Trench

The 216-Z-9 Trench is about 213 m (700 ft) east of the 234-5Z Building in the 200 West Area of the
Hanford Site. The surface elevation at the site is approximately 202 m (664 ft). Groundwater is
approximately 69 m (226 ft) below ground surface (bgs) based on nearby Well 299-W15-46 on
May 18, 2008.

The 216-Z-9 Trench consists of a 6.1 m (20 ft) deep open excavation with a 36.5 by 27.4 m (120 by 90 ft)
concrete cover. The walls of the trench slope inward and downward to the 18 by 9 m (60 by 30 ft) floor
space, which has a slight slope to the south. The underside of the concrete cover was paved with
acid-resistant brick/tiles. The cover of the trench is supported by six concrete columns. More than

4 million liters (1,000,000 gals) of plutonium/organic rich process wastes were discharged to the trench
between 1955 and 1962.

Plutonium was detected in a well (Well 299-W15-85, 105 ft deep) north of the 216-Z-9 Trench; in 1958,
it was concluded that plutonium in wastes discharged to the 216-Z-9 Trench probably had not reached
groundwater; therefore, there was no immediate need to replace this waste site (letter dated February 19,
1958 [Linderoth, 1958, “Plutonium Contamination in Shallow Wells Adjacent to 234-5 Building Waste
Cribs”]). The letter also acknowledged that there were no groundwater monitoring wells near the site. In
March 1958, it was recommended that three wells be drilled north of the 216-Z-9 Trench before deciding
whether to replace the 216-Z-9 Trench: two wells (Well 299-W15-941 and Well 299-W15-95) drilled to
30 m (100 ft) depth were used to monitor the lateral spread of plutonium and one well (Well 299-W15-6)
was used to monitor the groundwater (HW-55196, Replacement Disposal Facilities for 241-Z Tank Waste
Process Technology — Preliminary Design; HW-55497, Project Proposal Crib and Test Wells for

234-5 Building Wastes).

T Well 299-W15-94 was deepened to groundwater in 1966 and renamed Well 299-W15-9.



DOE/RL-2007-27, REV. 0

200-PW-1 Operable Unit 216-£-9 Trench PFP Zone
Waste Type: Process Waste

HiSLary Basis of Knowledge (Data Types) Carbon Tetrachloride Vapor Distribution R e e

The 216-7-9 Trench is an enclnse_d, helow-grade trench that » Process History (PH)
was Used from 15955 to 1962 for disposal of Z Plant RECUPLEX o hible et Spactral (DG-5 .
agueous and organic liquid waste. Carbon tetrachlodde was i e .': -3] 1 (A0S - 2006 Rzma v og avea o O 101-199 | rmators foet 216-Z-9 Trench
received in the agueous phase liguid and, mixed with other o Downhole Geophysics - Scintillation (DG-5C) o Rtk i) + 1906 - 199 o0 _ Legend
organics, a5 a dense, non-agueous phase liguid OMAPLY. In e Downhole Geophysics - Radionuclide Logging System (DG-F) | sy 1u1,_________t_‘ntnﬁr=«;ud-m=dh:n_aua A 2 W niksiied
1976 and 1877, the upper 0.3 m (1 f ofthe french floorwas  Sgil Sampling Analytical Data (AD) g B v N o T
mined to reduce the amount of plutonium in the trench; after “apor Sampling Data (v) ; ik vap 1580 CCU Cold Creak unit
mining, 3 to 48 kilograms (84 to 106 pounds) of plutonium sl P =it ey ; ma Re Ringold Formation,
were estimated to remain in the soils beneath the trench. Soil 3 = o S e B 3 UnkE
vapor extraction has been ongoing atthe 216-Z-9 Trench since Site Plan View E - g 100 v WatertablesSm
1893 10 remove carbon tetrachloride from the vadose zone. (not to scale) e T . et iy
DeIRRINE ] S 1931 - 1995: Elewaed
CONSTRUCTION: The site is a rectangular, enclosed french PR . Lk . bl Sl ;
with 3 concrete cover supported by six columns. The trench is pas A wawIses it + I et el mane L L 2y
18 by 8 mn (60 by 30 ) at the bottarm and & m (21 ) deep. The P8 D) iy suf - wik it -
underside of the concrete cover was lined with acid resistant CPT-18 Jgg.wys.3z F17 ADDG-SC Hla! 4 ) / e
bricks. Two stainless steel pipes discharged effluent above the 2901585 | M ¢ a 601200 i
trench hottam. lﬁﬁ-ﬂﬁm“ﬂ-'“'l"i} -@-HD—W!S-mms&m-w: 50 Y J M oo
Vit AT \ T ¥ (7) 1,009
rench s
‘/5“"_‘”"‘ .@z.mlnh?c-'gé‘%smm o el um a0 am 1om 1200 um TS50 T
B51 s iR i Carbon Tetrachlon s (ppmv) 10
e '$ Ve =" 9;;&?&%;0:; FR sto-L 300 Plutonium
z ” 5 Concerntration
Bl " gl o mans (b " o
29%:!15:"_.:37 i\ FGOMA30.18
Lo r]
(ADDG-SENV) i3 i o H H
o RS Pl - - - 1. At the 216-Z-9 Trench, maore than 4 million liters of plutoniumforganic-rich
:ﬁ‘;;ﬁ 2991548 janoss) Emfu"‘_”;‘,“' Slte Sectlun VIEWS process wastes were discharged hetween 1955 and 1962,
ST c;';';?l;f:lr—* ..‘S:-z ____I_:*:‘f!:'w (not to scale, units in feet bgs) 2 Efﬂ!_lent containing contaminants was discharged gtthe bottorm of the
” e 2 (AL SEA) “@‘1“ i " unlined 216-2-9 Trench, The trench floor slopes slightly to the south.
| e (o /ﬁ' 05-SCDG-8) 3. The wetting front and contaminants moved verically beneath the tranch.
e = . Lateral spreading of liquids is associated mainly with the Hanford gravel
R “_r:_«;»:::;;:.,} ‘ gL‘ & B i and sand contact, the Caold Creek unit, or fine-grained lenzes in the
| \ il g 22 b -1 3 b isg Hanford or Ringold formations. In addition, vapor phase carbon
L —— i H ¥ % £ £ 3 3 : =z tetrachloride migrated vertically and latarally beneath and around the
“""""’_/. s i Characterlzatlun Summary g & g g 8 & g i B trench, but has been cansiderably reduced by soil vapor extraction
- WislEware nswlled ground e 41 6.2 - TrEnth A T T T A'B - T a B’ Dperat'inns started in 1993 (see v;pnr distribu\jtinn chaprt at lef)
Eneig::?i:?r? Tn;hne 10?’?32;2 mlT;tT];igngzgnr:nant 4, Constituents with large distribution coefficients, such as americiom and
WASTE VOLUME: 4,090,000 L (1,081,000 gal) (RHC-LD-114) gegnphysiﬁallv ongged CF e Al b s plutonium, sork to soils resulting in higher concentrations near the bottorm
DURATION: 1955 to 1963 conducted in 1961 1'953 ard 1873 o evallate the ofthe tfrench. Concentrations generally decrease with depth. However,
: p broe these contaminants were detected to depths up to 369 m {121 M bos
plutanium and americium in the trench (ARH-2915) et : o ot
2 i : heneath the trench, indicating that plutonium and americium mobility was
DISCH_‘“RGED INVENTORY: o Charactengatmn e cun_ducted_ |_n_1 Lo L0 enhanced in the presence ofthe organic and acidic liguid wastes.
Plutanium 38-48 kg (remaining} (RHO-5T-21} SURRRR SOl vaphy SRl At /S DAL 181 L 5. Carhontetrachlofde is present throughout the vadose zone beneath the
Americium-241 2.8 kg (RHO-LD-114) m‘;eg'gfg'_%”_r‘;gr;gmﬁlgagnstggtggghdeggtgﬁ:f[ ?r: ! 216-7Z-8 Trench. As determined from sample data, carbon tetrachlorde
Carbon tetrachloride 83,000 to 300,000 L (DOE/RL-91-32) well 205-W15-32 (BHI-00431). Remedil L exists as vapor (341, a5 a DNAPL near the Hanford aravelisand contact
Tributyl phosphate 27,900 L ¢AVHC-SD-EN-TI-248) > e AT : on the south side (56), and as a dissolved agueous phase andior sorbed
Dibutylautyl phosphonate 46,500 L AwHC-S0-EN-TI-248) investination activities conducted atthe trench phase in sail
: : included sampling from one deep well (299-Y%1 5-16) . ; " )
Lard oil 9,300 L OWHC-SD-EM-TI-248) and one slant well (288-1 5-48) and a phased ] f. The h|_ghest c_nncpntratlons_ of detected catbon tetrachloride are
Mitrate 1,361,000 kg (HNF-31792) carbon tetrachioride investigation. DNAPL was 200 associated with 5|.Its it & t.hln lens at 20m (65 i bgs.l
identified in & siit lens 20 mn (65 ﬂ)- bigs south of the W water f.m,:z;_‘gan.[zggwmqs April 05) W Wiater Table 222 68 ft bgs (280-W15-46, Ap,“ o) 7. Carbon tetrachlonde has impacted the groundwater; impacts may have
. een associated with wapor, agueous liguid, andior organic iquid phases.
REFERENCES french =y b Ited it a0, G P L
WIDS o] s.umma T ’ . In addition, carbon tetrachlaride may have been dissalved in agueaus
ARH—E%H 5 IEIER LEGEND ,25 = waste effluent from nearwy facilities and subsequently heen transported to
FHO-5T.21 T groundwater. Flutanium and americium have heen detected at |
BHO-LD-114 .$. Existing Borehole (data type) 100,000 concentrations in the aroundwater !:Dllectedlfm_m one well nearthel
PHML-16103 T ik trench. Older boreholes, and possibly clastic dikes, may have provided
PRML-11978 W Water Table Concertrations of ' g preferential patkweays through the vadose zone.
OOEIRL-31-37 plutonium; no color bar on -
VWHC-S0-ENCTH348 bgs = below ground surface Site Section View indicates | sy
BHI-00471 no cortamination was
idhertified i ilable data. *0
SGY-33746 Sal sl 200-PW-AFS 216-2-9.08/28/07

HMF-3173972

Figure 2-3. Contaminant Distribution Model, 216-Z-9 Trench
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200-PW-1 Operable Unit 21 6-7-1 A Tikes Eieled PFP Zone
Waste Type: Process Waste

o Histpr_y _ Basis of Knowledge (Data Types) Carbon Tetrachloride Vapor Distribution Contaminant Distribution Model
The 216-Z-1A Tile Field was a ligquid waste site that was

used to dispose of agueous and organic liquid waste “ Piipest Higtny (pH) . 216-Z-1A E
generated at the Plutoniurm Finishing Plant. The waste » Downhole Geophysics - Spectral (DG-5) e b _pare 2006 Rermaining o 1991. 1993 ] z 8 gE 3 g i 2 2
streamns included overflow from the 216-Z-1, 216-Z.2, and - Downhole Geophysics — Seintillation (DG-5C) area of el n R 2 g : -3 £ ; ; ;
wT i i i . Geologic Logs (G |_:| padl 0 tetrachlan de wapor A& 2005 - 2006 m':_'f:' 2 z 2
216-Z-3 Cribs, which received process and laboratory waste eolog g g [aienmacy i £ # ] £ g g
fram 1943 to _1959, and 236-£7 plutqnium recovery waste and - Zoil Zampling Analytical Data (AD) 4 with ine-grained soil in the | 55 Toa7 Reduced ez of & — [ — > \
242-7 americium recovery waste discharged directly to the | Wapor Sampling Data () s o [Geld Creek Uinit elevated carbon tetrachloride wl L
tile field fram 1964 to 1969, Carhon tetrachloride was : 7 s :gﬁg'éﬁg:f:"f;:ﬁ:fs';rf”:f i =
received in the agqueous phase liguid and, mixed with other Site Plan View waal_| £ L o # L
organics, as a dense, non-agueous phase liguid (DNAPL) (not to scale; all well numbers prefised with 299) [ZH=L P TR e
from 1964 to 1969, The site was deactivated in 1969 by e bt % ‘
plugning facility discharge piping to the tile field when TNl Ringald St ":PW?"“"“;“C'"S e ]
plutonium recovery waste was diverted to the 216-Z-18 Crib. ez S T i ';:‘:'j Al § S et [ [ it O L — -
Soil wvapor extraction has been ongoing at the site since 1992 T e el B extraction | JLESCUCEA T vk ol W S skt (U SRR S e e
to remove carbon tetrachlaride from the vadose zone. R TG TG Jgn | B0 = : T a1 Pe [igpyd Fomation, ’- &
+ H s winsy 8 | ¥ ir -
CONSTRUCTION: The 215-Z-14 Tile Field consists of 30 ! 5_ & L & o o s ank
m (100 ft) wide, 79 m (260 &) long, and 5.8 m (19 ft) deep | "::D?:Ewﬂ__' stiori TR (R -
excavation. The 20-cm (B-in) diameter witrified clay E"w bt i “_,,,J.‘ﬂ.m“m\g B
distribution pipes lie on a 1.5-m (5-ft) thick gravel bed, 43 m _ i wie T (26 Sacil e | w;::n‘.’éwl ihoin & -
(14 ft] bys. The distribution pipes are covered with a 1.8-m ::ﬁ_\ "'"‘I"" | wienas i ;gg;;;g;,y Site Section View W e
(B-ft) thick sand layer. The central distribution pipe is a wov i . é‘;‘i_m[m e SRS - R e e ST e e e S e R e
continuous line without perforations; the seven pairs of bt gjn Tl e S R koA ':nOt to Scale: units in feet ng] o "““”“"
lateral pipes are divided into 0.3-m (1-f) long segments. e = |,::ifr i fol \m,‘,_:r,., i
iy » i wﬂ fois e = s 1. Between 1964 and 1969, the 216-Z-1A Tile Field received 5.2 million
~ Ground Surface mg?:ﬁ-;}:-e@mw P— & Wh‘?‘s" EE | v FeLEES crpgBES gErE888 3 F g liters of high-salt, acidic liquid waste containing significant inventories of
f = s iechergs 1 i Frinpg  ewinmpasno SO0 DondsOnoonoNo D WA o plutonium and carbon tetrachloride. From 1949 to 1959, the 216-Z-14
’ / . i . = Al imuu%gm" i Ezﬁﬁ EEE% zz: E:izaz z 3 3 z Tile Field received 1.0 million liters of slightly basic, agueous waste.
AT 1 1 L A i A I A SZAZL RKTLTL AR ERARARE 28 7 A’ 2 Effluent and contaminants ware released to the soil at the bottom of the
f‘- o — = 7 g 1"""!""‘:"";,;._." é;:"“"'“:",;,,m@mm I H-H HivHH 7~ tile field through a herringbone arrangement of pipes.
Polyathylene el . i "w"'“m” 216214 ' 7 —8& 3 The wetting front and contaminants moved vertically heneath the tile
{0.02 in) Thick ! ~ Gravel 1.5m P, '_____ ’3_*_ .."_"..‘l".'f'"_! i - field. Lateral spreading is mainly attributed to contact with the Cold
TR Thiek, = o P IO L lae ™ Creek unit or fine-grained lenses in the Hanford or Ringold formations.
¢mmmﬁ:|" 51 “apar phase carbon tetrachloride exists throughout the vadose zone in
WASTE VOLUME: 6,200,000 L (1,600,000 gal) ém;/ [t the source area.
(RHO-LD-114) A 4. Constituents such as plutonium (Pu) and americium (Am), which are
: - Carton Totrachioeids - No Transuranics {Pa & Am) generally immabile in soils, sorb readily to soils, resulting in higher
BITRATION: 1543 o 1589 :Zm::m:n:‘:rﬁ:’““"” o 157 cuncentrat@nns directly beneath the ti_Ie field. The Am and F'u_ _
s LT [ | corcommtors gnty e dpn owevr, s
ilriteor?c“i-lurpn—241 ??klg{g(é!RH%?S_l}?{;)Mj Characterization Summary " 130 w0 '% | 3 *mﬂﬂa was enhanced in the presence of carbon tetrachioride, tributyl
Carbon tetrachloride 270,000 kg (WHC-SD-EN-TI-248 e , 10000 150 150 phosphate and derivatives, and acidic liquid wastes.
Tributyl phosphate 23900 L f‘?"uf(\l\-llnutr:—SD—EN—Tl—ME!) ! Data collection activities have been angaing at ek o 5. Carbon tetrachloride initially spread thraughout the vadose zone
Dibutylbutyl phosphonate 27 500 L (¥HC-S0-EN-TI-248) the 216-Z-1A Tile Field since early operations. . beneath and around the 216-Z-1A Tile Field. Howewer, soil vapar
Lard oil 11000 L (YHC-SD-EN-T-245)  The distribution of plutonium and americium 10000 extraction operations started at the site in 1952 have considerably
Mitrate 3,000 kg (DOE/RL-31-58) was characterized at 16 wells at this site in the 21000 reduced the vadose zone carban tetrachloride inventory (see vapor
1970s (RHO-3T-17). Also, many of the wells istributi : o
REFERENCES: i and around th e e have boon I At I e e e
WIDS general summary reports g;ggg;mginy lnyged (ARH'ST'EBd' SG;”' ™ RN E. The highest concentration of carbon tetrachloride is associated with the
RHO-ST-17 . Lharactenzation was conducted in : o i fine-grained sediments of the Cold Creek unit.
: : Site Section View Scals. g
RHO-LD-114 1921-1993 to support soil vapor extraction, Concentrations of LEGEND 7. The effluent volume discharged to the tile field suggests that
DOE/MRLAE1-32 which has been angaing at this site since plutanium; na colar bar 4+ Existing Borehole (data type) groundwater may not have been directly impacted by the wetting front
WHC-5D-EN-TI-248 1932, Ag part of the remedial investigation,  on Ste Section Yiew W Water Table unless a preferential pathway is present. Carbon tetrachlaride in the
DOE/RLS1-58 infarmation from additional characterization ~ ndiestesna sail vanor oh h hed duwvat
R por phase may have reached groundwater,
SGWY-337 46 boreholes was used to evaluate the A P bgs = below ground surface
SGW-33823 distribution of carbon tetrachloride and other  data

organic contarninants, 200-PW-1F5.216-2-14 0873007

Figure 2-4. Contaminant Distribution Model, 216-Z-1A Tile Field
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200-PW-1 Operable Unit
Waste Type: Process Waste

History
The 216-Z-18 Crib was used, as a replacement for the 218B-
Z-14 Tile Field, to receive high salt, acidic (pH 1 to 2.5)
agueous liguid waste and organic liquid waste from the
Flutonium Finishing Plant. The waste streams included
plutoniurn recovery waste from the 236-Z Building and
americium recovery waste from the 242-7 Building. Carbon
tetrachloride was received in the agueous phase liguid and,
mixed with other organics, as a dense, non-agueous phase
ligquid (DMAPL). Crib structures 1 through 4 (shown
numbered east to west) received waste; crib structure 5
was not used. The individual crib structures were operated
far approximately 1 year each beginning with crib structure
3, followed by crib structures 2, 1, and 4, in that order. The
216-Z-18 Crib was retired in 1973 and deactivated by
blanking pipelines in the 236-7Z and 242-7 Buildings. Soil
vapor extraction has been angoing at the crib since 1992 to
remove carban tetrachloride from the vadose zone.

COMNSTRUCTION: The 95 by 79 m (311 by 289 ft) site
consists of & separate, parallel crib structures, each B3 m
by 3 m (207 ft by 10 ft), and 9.5 m (18 ft) deep. Each crib
structure has two 8-cm (3-in) diameter distribution pipes
placed aon a 0.3-m (1-ft) thick bed of gravel at 5.2 m (17 )
bs, buried under an additional 0.3 m (1 ft) of gravel,
covered with & memhbrane and sand, and then backfilled to
grade. Crib piping was fed by the primary steel distribution
pipe that hisected each crib.

MONITORING WELLS
8 8§ &g

y, ARRANGEIMENT '.l"'," :huunmim v

MEMBRANE
BARRIER

181t

B GRAVEL e N
1471 GRAVEL '—%

r St
WASTE VOLUME: S,BED,DDD L {1,020000 gal) (RHO-LD-114)

5

DURATION: 1969 to 1973

ESTIMATED DISCHARGED INVENTORY:

Plutaniurm 23 kg (RHO-LD-114)
Americium-241 0.4 ky (DOE/RL-91-32)

Carbon tetrachloride 175,000 ky WCH-SD-EN-TI-248)
Tributyl phosphate 16,400 kg (WCH-5D-EN-TI-248)
Dibutylbuty! phosphonate 12,100 kg (WCH-SD-EN-TI-2483)

Mitrate 500,000 ky (DOE/RL-91-58)
REFEREMCES:

WIDS general sumimary reports LEGEND
RHC-LD-114 < Existing Borehole {data type)
SGW-33T46

W Water Table

bgs = below ground surface

WHC-SD-EN-TI-248
DOERL-91-32
DOERL-91-58

Basis of Knowledge (Data Types)

- Process History (PH)
» Downhole Geophysics - Spectral (DG-5)

#9‘1 -

216-L-18 Crip

Carbon Tetrachloride Vapor Distribution

2005 - 200F: Rernaining area of
elevaed carbon tetrachloride
apor concentrations associated
with frie-grained sail in the Cold
Creek Unit

o 1991 - 1992
4 1996 - 1997
A 2005 - 2006

1996 - 1997 Reduced area
of elevated carbon
tetr o hloride wapar
concentrations in vadose
zone Fallowing initi al soil
wap OF extraction

1991 - 1993 Blevated
carban tetrachloride
WEpaF Concanty ations
throughout wadose zone
priar to soil vapor
extraction

100 200 300 400

500 GO0 oo

Carbon TetracHorde (pprav]

Characterization Summary
Characterization activities have been conducted at 216-Z-18 since

the 1960s. Scintillation logging of site monitoring wells was

conducted in 1963, 1973 and 1976, Wells 299-WW13-9 and 2939-

WW18-10 were the only wells that showed contamination above
background levels; contamination was identified at about 8 to 17 m

; LA zand
» Downhole Geophysics — Scintillation (DG-5C)
« Soil Sampling Analytical Data (AD) arasel 10 4
- Wapar Sampling Data (V)
. 9 20 4
Site Plan View sand
(not to scale; all W18 well numbers prefixed by 299 £
aravel = 1
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Figure 2-5. Contaminant Distribution Model, 216-Z-18 Crib

(26 to 55 ft) bgs (ARH-ST-158). Characterization was also
conducted in 1992 and 1993 in support of soil vapor extraction

00

activities. Spectral gamma logging and neutron moisture logging
were conducted in 2006 at wells 299-4013-9, 299018-12, and
299-W18-95. Well 299-W15-9 identified plutoniurm and americium-
241 frarmn 7.6 t0 18 m (25 to B0 ft) bgs with a maximum
concentration of 400,000 pCifg at 8.2 m (27 ft) bgs. Concentrations
decreased with depth to 18 m (B0 ft) bys, where they increased to

250000 pCifg. Concentrations decreased to the tool detection

limits below about 21 m (70O ft) bgs. Analytical soil data obtained

from wells 299-W18-96, 299-W18-247 | and 299-W15-249 in 1992
and 1393 did not identify significant organic chemical contamination
{e.g., carbon tetrachloride was < 2 ppm). Mitrate was identified in
well 299-W15-96 at 4 400 mo/kg at 25.6 m (84 ft) bgs decreasing to
=10 mgfkg at 38.1 m (125 ) bgs. Mo significant concentrations of
carbon tetrachloride ar other volatile arganic compounds were
identified during =il vapor sampling conducted for the remedial

investigation or soil vapor extraction operations in 2005 or 2006.

Mote: Concentration profile

for 2991 5810 derived fram
comparison with 29341 8-9
scintillation and logaing data.

»1,000,000 5 - .
Site Section Yiew Scale.
>100,000 Concentrations of
10,000 plutonium; no color bar on
Site Section Yiew indicates
*1.000 no cortamination was
>100 identified in available data.

=10

30
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Contaminant Distribution Model

216-Z-18 Crib
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Sand &
Genvel

My  Handord formaticn
CCU Codd Croek unit

Ay  Ringold Formation.
Una i

CCU M A& Cafiche:
*10,000

=8

-4

1. From 1963 to 1973, about 4 million liters of liquid waste
were discharged to the 216-Z-18 Crib at a depth of about
52 m (17 ) bgs. Crib operations were controlled so
effluent was discharged evenly over the 4 (of 5) crib
structures that received waste.

2. Liguid waste and contaminants moved through the gravel

bed where the immaobile radionuclides {plutonium and
americium) sorbed to soils directly below the crib. Site-
specific data show crib contamination extending from
about 7.6 to 21 m (25 to 70 ft) bygs. Analytical sampling to
date did not identify the presence of arganics in sail in
significant quantities. Any remaining carbon tetrachloride
or other organic contaminants are likely associated with,
or are directly above, the Cold Creek unit.

3. As the liguid waste continued to migrate downward, more

mobile contaminants (e.q., nitrate) moved toward the
groundwater. Because of the proximity of the individual
crib structures to one another, subsurface intermingling of
the waste streams has likely occurred. Fine-grained soils
in the wadose zone slowed water movement and allowed
maohile contaminants to concentrate and, to & minar
extent, move laterally along the interfaces between fine-
grained and coarser-grained sediments.

4. Although the overall efluent wolume to each crib structure

within the site was relatively low and evenly distributed
throughout the crib structures, nitrate inventory was
repartedly high. Analytical sample results for nitrate and
soil moisture demanstrate a potential for past andfor
future groundwater impacts from this site. Impacts to
groundwater from organic constituents are not expected
fram this crib.

200-F-1RIR 216-Z-15.08/30/07

T Wader tabie T2 (236 1
(299182, Juty 2003

»1meo Plutonium
Coneentration
100

2 I]]]]] Initial effluent fiow
path; zone of low

concerntrations of

rezidual constituents
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200-PWi-1 Operable Unit
Waste Type: Process Waste

History
The 216-Z-12 Crib is & subsurface liguid waste site that
was used from 1959 to 1973 to dispose of PFP liguid
process waste, and analytical and development
laboratory waste, from the 234-57 Building via the 241-
Z-361 Settling Tank. The waste was [ow-salt and neutral-
basic (pH & to 10) when discharged. YWWhen the crib was
deactivated, the pipeline was blanked in the 241-7
facility. A portion of the crib was witrified in 1937, The
dowreard progression of the melt reached about 5 m
(16 ft) bys.

COMSTRUCTION: The crib is rectangular, 31 by B m
(300 by 20 ft) at the bottom, and 5.8 m (19 ft) deep.
YWaste entered at 4.6 m (15 ft) bgs through a 30-cm [12-
in) diameter, perforated, vitrified clay pipe that ran the
length of the crib and rested on & 1.5 m (5 ft) bed of
gravel. The pipe was covered with a polyethylene

- Process History (FH)

» Geologic Logs (GL)

= Wapor Sampling Data
Site

Waste
Distribution \
Pipe

‘Wast
barrier and backfilled to grade. In 1968, a 15-cm (B-in) D;:n?n;;_n\\\
Pipe (1968)

diameter bypass line was installed 3 m (30 fi) west of o
and parallel to the original distribution line to bypass 30.5 |

m (100 ft) of the original line that was plugged. WiR:ya EADI'—\
W1B-14
wis-184 1DGASJ‘D‘GASC]
= W18-180 (DG smm

SN 0 € ST SAGE WILL

W18-8 (DG-S/DG- qc:

(RHO-LD-114)

DURATION: 1859 to 1573

|
|
|
|
!
WASTE VOLUME: 251,000,000 L (74,240,000 gal) |
|
!
ESTIMATED DISCHARGED INVENTORY: |

|

W1B-152 (ADIV
]
W18-5 [V .

W18-69 (DG-S/DG-SC)|

ant
oy 7 g

» Downhole Geophysics - Spectral (DG-3)
- Downhole Geophysics — Scintillation (DG-3C)

« Soil Sampling Analytical Data (AD)
» Other Downhole Alpha Technigues (OT)
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W18-2 (V)
L l$-

Plutoniurm 251 kg (RHO-LD-114) wig- 7“ {DG-S/DG-3C)
Americium-241 Urknomwn W1B-15T (V) |
Mitrate 300,000 kg (DOE/RL-21-58) ot
Fluoride 300,000 kg (DOERL-21-58)
Carbon tetrachloride Unknown, but lirmited A

(RHO-5T-44)

LEGEND Site Section YView Scale.

REFERENCES: . Concentrations of
WIDS general summary reports 4P Existing Borehole (data type) transwranics; no coloe bar
HW-8571 on Site Section “Wiew
DOE/RL-91-58 v Ventar Talie indicates no cortamination
RHO-LDO-114 bgs = below ground surface ;\-;Z identified in svailable
RHO-5T-44 ’

W18-155 (DG-5)

.$_W18 -153 (ADV)

216-1-12 Cirib

(not to scale; all well numbers prefixed by 299.)

peig

Basis of Knowledge (Data Types) Characterization Summary

Diata collection activities have been ongoing at

mmaters feet

the 216-Z-12 Crib since early operations. b i
RHO-5T-44 summarizes these early data L
collection activities (surveys and sampling of wl
shallow wells) and documents characterization s
activities associated with installation and E
sampling of additional wells starting in 1979 to L
better define the plutonium and americium B
distribution. A soil wapor survey in 1991 =1
indicated the presence of carbon tetrachloride B
near the crib, and soil vapor extraction a0
operations were initiated in 1935, As part of I s
the remedial investigation, additional soil ”_:
vapor samples were collected to evaluate the -
concentration of carbon tetrachloride in the :m
vadose zone at this site. “T
2E
L
Site Section View
(not to scale, units in feet bgs)
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Figure 2-6. Contaminant Distribution Model, 216-Z-12 Crib
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. 281 million liters of plutonium process waste was discharged to the

216-Z-12 Crib from 1859 to 1973, The wastes were low-salt and
neutral to slightly basic.

. Effluent and contaminants were released to the environment near the

hottarm of the crib, into the Hanford formation sands.

. The wetting front and contaminants moved vertically beneath the crib.

Lateral spreading is limited and mainly associated with the Hanford
formation gravel-sand contact, the Cold Creek unit, or fine-grained
lenses in the Hanford or Ringold Formations. Inventory data on
organic contaminants (e.g., carbon tetrachlaride) are limited; however,
soil wapor sampling indicates the presence of low concentrations of
vapor phase carbon tetrachloride in the vadose zone in the wicinity of
the crib.

. Mare immobile constituents, such as americium and plutonium,

generally sorb readily to sails, resulting in higher concentrations near
the discharge point. Beneath the crib, however, radionuclides were
detected to a depth of more than 18 m (B0 ft) bgs. The amerticium and
plutonium concentrations generally decrease with depth. The
plutanium and americium are distributed in the northern half of the crib,
with little evidence of contamination in the southern half.

. Carbon tetrachloride migrated through the vadose zone beneath and

around the 216-Z-12 Crib. Soil vapor extraction activities at the site
have considerably reduced the carbon tetrachloride inventory in the
vadose zone. The remedial investigation did not identify carbon

tetrachloride in the dense, non-agueous liguid phase at this location.

. Low levels (up to a few tens of picocuries per gram) of plutonium and

americium activity were detected from 30 to 36 m (98 to 118 fi) below
the crib, associated with a thick sitt layer in the Cold Creek unit

. Discharged inventory estimates for nitrate would support potential past

andfor future groundwater impacts. However, existing data do not
address characterization of the deeper vadose zone.

200-PA-RIR.21B-7-12.0900407
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200-PW-1 Operable Unit : 1
Waste Type?elgroceessnlliﬂaste 2] 6"2'] & 2 CI’IbS PFP Zone

Histo . e
iy (oo o e s Basis of Knowledge (Data Types) Characterization Summary Canisnsh Magmusion Kass!
structures that were used for disposal of Z-Plant liquid . Pracess History (PH) Site-specific sampling data for the 216-Z-1 Crib and
waste. The 216-Z-2 Crib overflowed into the 216-Z-1 Crib, . Downhole Geophysics - Spectral (DG-S) 216-Z-2 Crib are limited. A borehole to the north of 216-Z-1Crib  216-2-2 Crib
which overflowed into the 216-Z-1A Tile Field. From 1949 4y bownhole Alpha Technigues (OT) 216-Z-2 (299-W18B-172) was geophysically logged in - o Legend
to 1952, the cribs received basic (pH8to 10) processand o 1 oo b i o Anaivtics| Data (AD 2006; no manmade radionuclides were detected. No - | Wy Hanford formation
laboratory waste from the 234-5Z Building via the 241-Z-361 A s il dionuclid inati det : i o sand and
¥ g radionuclide contamination was detected during gravel
Settling Tank. The cribs received acidic (pH 1 to 2.5), high- Site Plan View drilling of a new well (P57) west of the cribs in 2006. i & s et
salt aqueous and organic waste directly from the 236-Z and In 1986, drop cords, visual inspection, and foil 15150 b AL S Comni ikt
242-7 Buildings during two brief periods of a few weeks in st I monle,allwell nu?nhers profinad by 299 activation mSthDds were usedgo evaluate alpha i ‘Fr e
1966 and 1967 while the 216-Z-1A Tile Field discharge Ao contamination in 11 wells at the 216-Z-1 and 216-Z-2 : O
point was being moved further south along the main i s i Cribs and the 216-Z-1A Tile Field (CCN B56352-86- - : Y Walar table T3 m (2300
distribution pipe. The cribs received uranium wastes Y. nmaea 095). Wells 293-W18-60, 293-W18-61, and 299-W18- o W \ (Doc 2004, 259.W18.16)
directly from the 236-Z Building from 1968 to 1969. The 863 ! 65 near the 216-Z-1 and 216-7-2 Cribs were found to - Lt "
cribs were administratively retired in 1969 and physically B ealV13 adn N/ | contain plutonium and americium concentrations i ccu o
isolated when inlet piping was cut and blanked. & wiase | estimated as high as 900 nCifg. The contamination Wl B e
: : 4 1 i was believed to have resulted from contaminated - Re S
E&:iiz‘g’lt’glo?a:r;-mftﬂf ;;ﬁ%hza%dsﬂg rﬁ ii‘n dben e e ‘. i 2| sediments entering and accumulating in the wells, [ i o Plctorbin.
timber boxes set in excavations that were 4.3 m (14 f) lov wisss -E‘:"Hxi‘"f, ke oy g Py ) | g
square at the bottom, 6.4 m (21 fl) deep, and backfilled to b v 'T","""é;!., " winan hov)y (o . . & i i
grade. The cribs were connected and fed by a 20 cm (8 in)  cwa: B Bonid g :’;er"’ e Site Section View N B JJJJ] st ettient son
diameter stainless steel central pipe with an outlet pipe to p—s I P e " {not to scale, units in feet bgs) i 5 @ it ot how
the 216-Z-1A Tile Field. ‘t“:',:l 2 | Giwrkiqs0 (ADV d 75280 e residual constituents
L., i e, ' " gy N e ome
WIBE (ADY) ADTG-SCHY . L
lwierssaoyy | ® & o 1. Approximately 33.7 million liters of liquid waste was discharged to these
| + - I §_ N N cribs from 1949 to 1969 at approximately 6.4 m (21 feet) bgs.
& W15-248 (ADY) i e e .;{E’«Ti;’f i P38 (ADV) § © © 2. Liguid waste containing contaminants moved through the cribs where
: o +lel s g win (Po-smny A i ke A’ the less mobile contaminants (e.g., plutonium and americium) sorbed to
Pas—,  wis-16 (404 i \D_/ soils near the bottom of the crib structures. A zone of high
s ; : o "y Crib Bottom - 21 contamination (ie , > 1,000,000 pCi/g of plutonium) likely extends a few
WIEBH (ADV) W0 (ADV) ‘ feet below the crib bottams, based on data from the 216-Z-3 Crib, which
L AR ¢ S @ wis.ia (DS replaced the 216-Z-1 and 216-Z-2 Cribs, and the 216-Z-12 Crib, which
b oo, 216-Z-1A | replaced the 216-Z-3 Crib,
PaI~, | A 4 P30 (2o | 3. Concentrations are expected to decrease guickly with depth because
e =T _‘;“: T waste stream contaminants did not significantly impact mobility of the
i R alpha emitters. Significant volumes of organics likely were not
SWnBAY) p o et oosuom discharged to these cribs during the few weeks that they received high
|| b salt waste from plutonium recavery operations in the 236-Z Building and
Theres 242-1 Building,
sy 4. As the liquid waste continued to migrate downward, more mobile
contaminants (e.g., nitrate) continued to be carried downward towards
WASTE VOLUME: 33,700,000 L (10,271,000 gal) 1,000,000 the groundwater. Fine-grained zones in the vadose zone slowed water
(RHO-LD-114) St movement and allowed contaminants to concentrate and move laterally
along the interfaces between fine-grained and coarser-grained
DURATION: 1949 to 1969 M- sediments.
LEGEND 51000 5. Because of the proximity of these waste sites to the 216-Z-3 Crib and
ESTIMATED DISCHARGED INVENTORY: 4 Existing Borehole (data type) i 134 the 216-Z-1A Tile Field, subsurface commingling of the waste streams Is
Plutonium 7.0 kg (RHO-LD-114) W Water Table anticipated, Differentiation of the more mobile contaminants is not likely
Americium-241 Unknown e between the cribs and tile field.
Uranium (total) 80.9 kg (RHO-LD-114) bgs = below ground surface W Water Table 234 ft bgs (299-W18-16, 12/04) 6. The effluent volume and nitrate inventory received at the 216-Z-1 and
Nitrate 100,000 kg (DOE/RL-91-58) Site Section View Scale. R ot 216-Z-2 Cribs are sufficient to have likely impacted groundwater. Future
Fluoride 30,000 kg (DOE/RL-91-58) ;&”&m";ﬁ Ear groundwater impacts are possible, especially associated with nitrate.
Site Section View indcates Organic impacts are not expected from the 216-Z-1 and 216-Z-2 Cribs,
REFERENCES: no contamination vwas
WIDS genem| summar}r FEpDI‘TS idertified in available data.
RHO-LD-114 200-PW-ARIR 216-2-182.08128/07
DOE/RL-91-58 CHPUBS1104_2007-27_R0_02.07

Rockwell 1986

Figure 2-7. Contaminant Distribution Model, 216-Z-1&2 Cribs
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200-PW-1 Operable Unit
Waste Type: Process Waste
History

The 216-Z-3 Crib is a liguid waste site that was used
from 1952 to 19589 as a replacement far the 216-7-1 Crib

2le-i-5 ClB

Basis of Knowledge (Data Types)
« Process History (PH)
« Downhole Geophysics - Spectral (DG-5)

Characterization Summary
Charactenization activities include geophysical logging
of 2 barehales drilled through the crib. The logs show

DOE/RL-2007-27, REV. 0

PFP 2one

Contaminant Distribution Model

and 216-Z-2 Crib for disposal of Z-Plant neutral-basic plutonium and americium contamination from about 5.5 HEZS Crib
liguid process and laboratory waste received via the 241- 109 m (18 to 30 ) bys at concentrations exceeding metors foet Legeod
Z-361 Settling Tank. OQverflow from the crib went to the 1,000,000 pCify for plutoniom, " B Wy Hanford formation
216-Z-1A Tile Field. The site was deactivated by valving F CCU Cold Cresk umit
out the pipeline to the crib and plugging the overflow line Site Plan View L s Re  Fingold Fomatson
to the 216-Z-1A Tile Field. {not to scale; all well numbers prefixed by 299 b = s e e
COMSTRUCTION: The crib consists of three, 1.2-m (4- i SR
ft) diameter, 5.7 m (22 ft) long, perforated corrugated el L
metal culverts laid horizontally, end to end, in the upper z g z + i
portion of @ 21-m (70-f) lang, 7.6-m (25-ft) deep Site Section View i S 1 e
excavation. Wyire was welded on the culvert ends to (not to scale; units in feet bgs) [ Jocw s casen) il i f 100,06
prevent gravel intrusion. The culverts were W88 18 \ g 3 hee )
approximately 2.4 m (3 f) below grade on a 5-m (17 -f) ® . B g S
deep bed of gravel that was covered with asphalt roofing - o PiibIREESE £ e
paper and hackfilled to grade. A 1.2-m {d-f) wide, 1.8-m e i g B ?” : }} =
{B-ft) lang, and 10-cm (4-in) thick concrete slab with el o 3 FaREacE [[[[l]] Intial effllent fou
3 5 v 0 o L [iAzie, FEassdsss path; zonelof louy
penetrating risers is centered ower the culvert. E § 8 Losmans concertrations of
%_I C3922 Elb é - ‘ residual constituents
i . =] -] TH=— 180 it 10 acan
3 Y2 (3] ™

A’ boe FoOTa0e

Vot P Pt B ™
| M
¥ Soh W) 1 5
5 1 ' Vi

{
: - | I - 4 Eis £785
PPy § ¥ ——— oy
war "] e g A e Sis
mam .|, T2

mmwr—, T - = S
Do of rock ) * W18-246 (ADVV)

1. Approximately 178 million liters of liquid waste was discharged to
the crib from 1252 to 1959 at a depth of approximately 2.4 m (8 )
bys. The crib was filled with gravel to the bottom of the excavation,
approximately 7.6 m (25 i) bgs.

L[‘ Crib Bottom - 25 2. Liguid waste containing contaminants moved through the gravel

Pa4

. .
| ire Secreen dlom Eme) ADNY

bed, and the less maobile contaminants (e.g., plutonium and
americium) sorbed to soils near the bottorn of the crib structure. A
zone of high contamination (i.e., = 1,000,000 pCify of plutanium)
extends from about 5.5 t0 8 m (18 to 30 ft) bgs. Concentrations
46 47 decreased guickly with depth below 9 m (30 ft). Only a small
volume of arganics, if any, were likely to have been discharged to
this crib in association with the laboratory development waste.
3. Asthe liquid waste continued to migrate downward, more mobile
3845 ; contarminants (e.g., nitrate) continued to be carried downward
: towards the groundwater. Fine-grained lenses in the vadose zone
— S i sloveed water movement and allowed contaminants to concentrate
WASTE VOLUME: 178,000,000 L {48992 000 gal) and move laterally along the interfaces between fine-grained and
(RHO-LD-114) 1,000,000 coarser-grained sediments.
e~ 4. Because of the proximity of this site to the 218-Z-1 Crib, the 216-
Z-2 Crib, and the 216-Z-1A Tile Field, subsurface commingling of

- &
Long Comugeied

Cutverts Flaced End )

Erd

Waste
Inlet Pipe

DURATION: 1952 to 1589

LEGEND e W Water Table 234 ft bgs (299-W18-16, 12/04) the waste streams is anticipated. Differentiation of the mare

ESTIMATED DISCHARGED INVENTORY: @ Existing Borehole (data ype) MY mecemsmsmmsmsssmcmosmmas e = mobile contaminants is not likely between the cribs and tile field.
Plutonium 8.7 ky (RHO-LD-114) g - =100 — 4. The effluent volume and nitrate inventory received at the 216-72-3
Americiurm-241 Unknawn W Water Table 10 Crib are sufficient to have likely impacted groundwater. Future
Mitrate 600000 kg (DOE/RL-91-58) bgs = below ground surface groundwater impacts are possible, especially associated with
Fluoride 160,000 ky (DOE/RL-31-58) Site Section Yiew Scale. nitrate.  Organic impacts are not expected from the 216-Z-3 Crib.

Concentrations of

plutonium; no color bar on
REFERENCES: Site Section View indicates
WIDS general summary reports no contaminstion was
RHO-LD-114 idertified in available data.
DOE/RL-91-58 200-PW-1RIR. 216-E-3 08128107
ARH-2155

Figure 2-8. Contaminant Distribution Model, 216-Z-3 Crib
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200-PW-1 Operable Unit
Waste Type: Process Waste

History

241-7-361 Settling Tank

Basis of Knowledge (Data Types)

Characterization Summary

DOE/RL-2007-27, REV. 0

PFP Zone

Contaminant Distribution Model

The 241-7-351 settling tank is an undergraund reinforced - Pracess Histary (PH) The 241-7Z-361 Settling Tank and its cantents were
concrete structure that operated from 1949 to 1973 as a - Wapor Sampling Data () characterized from 1999 to 2001 in two phases. ‘ 241-Z-361
gettling tank for neutralized 234-57, 242-7 and 236-Z liquid . Sludge Sampling Data (S5) FPhase | focused on opening the tank, "":'_'_';" Legend
waste arriving from the 241-Z sump tanks. Settling tank characterizing the headspace vapor, and - H;  Hantord fermation
supernatant was routed to numerous cribs, including the conducting a video camera survey of the tank r Bl ot Cresk il
216-2-1, 216-2-2, 216-Z-3, and 216-Z-12 cribs. The tank - - interior (HMNF-2867). Phase | identified valatile and 154 =
was isolated in 1973 and was partially purmped in May Site Plan View sermivalatile organics (HMF-8735). Phase [l B ’ 3';:?2'"““"’“““'
1975 leaving approximately 800 L (210 gal) of liquid and {not to scale) focused on characterizing the sludge (HMF-4371), - 7 Water table 71 m (234 )
75 @ (32 yd®) of sludge. The tank was evaluated in 1997 ) Phase |l identified approximately 75 m? (B2 yd¥) of n {December 2004,
as part of a chemical hazard risk assessment. ,_}T‘t__,.d-——lnlel Fiphe sludge with 29 kg of plutoniurn at concentrations of - o
Characterization and analysis of the tank contents, 1y Pu-239 ranging from 428 ppm to B9 ppm and L
completed in 2001, concluded that the tank contents posed }: Pu-240 from B1 ppm to less than detectable. 45T EE] siudge
no irmminent threat to the environment (HNF-8735). Metals (g.q., cadmiurm, chromium) and C
$-Gdﬂ£ﬂ v} polychlarinated biphenyls (PCB) were detected in L
CONSTRUCTION: The tank interioris 7.9 by 4.0 m (25 by the sludge (HNF-8735). Helical piers installed ta 601200
13 ft) with 0.3-r (1-ft) thick walls and a sloping bottom 155) support tank sampling were surveyed when - 7
resulting in an internal height varying between 5.2 and 5.5 5337%‘“ remaved; no radiological contamination was [ [ s e s e
m (17 and 18 ft). The top is 0.6 m (2 ) below grade. detected (FH-O002731). Comparison of the 1993 751250
There are two manhole covers and frames and several ' camera survey to the 1975 photographs indicates C
risers wisible above grade. Waste entered the tank through ALy Outlet Pipe the depth of the contents has naot changed, B
two 15 cm (5 in) diameter stainless steel pipes; waste T T ,  signifying the tank has not leaked. 100 300 ‘
exited through a 20 cm (8 in) diameter stainless steel pipe. A — A - "ﬁ;?1
\ oy TT g II’:-'K'-:-U - “‘F:‘m_‘l - r’{ ol il e i > % =
- e I s o ' ”; ; 1 | [ ; A " Site Section View 1. From 1349 to 1973, the settling tank was used to precipitate the
ik : : I e {not to scale, units in feet bgs) heavier constituents from plutoniumforganic rich process waste
oy "“‘".:r:."’“ 2 % discharged to the tank. _
1 |-I § Eg:' 2. After pumping in h ay 19?5, a Ia_},fer of sludge approxlmsately 2.;1 !
‘ A i b A’ 3 ft) thlc:kl rn_emamed w_|th an estimated vc:lumle of 75 m? (82 yd*)
and containing approximately 29 ky of plutonium.
T 3. Characterization of the tank and its contents from 1998 to 2001
' L — LEGEND 22 concluded that there are no imminent threats posed by the tank or
‘ -ﬂ} Existing Borehale (data type) its contents intheir present condition and that the conditions are not
o o likely to change in the near future. The sludge was identified as
| T W Wator Tablo requiring rermediation based an plutonium and toxic metals content.
e bgs = below ground surface 4. Limited opportunistic survey of soils in the vicinity of the 241-7-361
| tank was conducted in 1993, Helical piers were installed and
e e e extended beneath the depth of the tank bottorn within a meter from
- : 36 34 the tank. Some piers were removed and surveyed, and na
WASTE VOLUME: 800 L of liguid and 75 m* of sludge radiological contamination was detected.
are estimated to remnain in the tank (HMF-3735) 5. Puotential leaks from this tank seem unlikely, based on comparisons
of 1993 wideos to 1975 still photographs showing the waste level
DURATION: 1849 to 1973 — rermained unchanged and on the lack of radialogical contamination
from removed piers.
REMAINING INVENTORY: e B.  Although not expected, if tank leakage had occurred, immobile
Plutonium 29 kg (HMF-3735) o contaminants such as plutonium would be expected to sorb near
00,0 the paint of release. More mobile contaminants were mainly
REFEREMNCES: site Section View Scale. Siek present in the remaining liguid in the tank, not in the sludge; most
WIDS I it SO Erlien s 1 ﬁ wite removed with the supernatant.
general summary reporns plutonium, no colar bar on 1000 - e :
DOE/RL-2003-52 Site Sedtion Wiew indicates I Z. Groundw_ater impact fram this site is not expected. Evidence shows
DOE/RL-2001-01 no contamination vwas 100 W Water Table 234 ft bgs (293-W18-16, 12/04) the tank likely did not _Ieak and even had le akage occurred, the
HMNF-2867 icherdifiect in available data. I A ... e e S RS B S A e potential leak volume is much less than the soil column pore
HNF-8735 FGOTOST) 18 volurre.
HMNF-4371
FH-0002731 200-PW-1FS 241 -7 361 0528007

Figure 2-9. Contaminant Distribution Model, 241-Z-361 Settling Tank
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200-PW-3 Operable Unit
Waste Type: Process Waste

History
The 216-A-8 Crib was a liguid waste site used to dispose
of vapor condensate and cooling water from operation of
ventilation systems associated with the 241-4, 241-AX,
241-AY , and 241-AF Tank Farms via the 216-A-508
Caontral Structure. In May 1958, when the crib
approached its radionuclide capacity, the condensate
was routed to the 216-A-24 Crib. Between 1966 and
1985, the 216-A-8 Crib intermittently received the vapor
condensate waste, After 1985, all tank farm condensate
waste was routed to the double-shell tank system. This
site was surface stabilized in September 1990, The site
was permanently isolated in April 1995 by filling the 216-
A-808 Caontrol Structure with concrete.

CONSTRUCTION: The 216-A-8 Crib is 6 by 269 m (20
by 850 ft) at the bottorm, and ranges from 4.9 t0 5.8 m (16
to 19 ft) deep. The crib was fed by a 61-crm (24 in)
diameter, perforated distribution pipe located 26t0 3.5 m
8.5 to 11 ft) below original grade (1955 along the length
of the crib on a 30-cm (12-in) thick bed of gravel. The
gravel overlies 2.0 m (8.5 ft) of rock fill. The crib was
covered with sisalkraft™ paper and backfilled to grade. An
overflow pond was excavated to the northeast of the crib.
The pond was fed by a narrow ditch that was fed by a 41-
cm (16-in) diameter pipe.

*Trademark of Fortifiber Corporstion, Los Angeles, CA.

;y— Soil Stabilization

/
Giem (24in] dismeter —, / Cover [1980)

Schidl Distribution Pips ;../ — Eanth Backill

Gravel Fill —=
Sherw | 14
s =
i -v‘QIHv

2 Layers Sksal
Kral Paper

¥
\— Roek Fill

[7.5-25cm)

WASTE VOLUME: 1,150,000,000 liters (303,200,000
gal) (ARH-CD-745)
DURATION: 1955 to 1985

ESTIMATED DISCHARGED INVENTORY (RPP-26744,
mean values; radionuclides decayed to 01012001

Cesium-137 200G
Tritiurm 24 561 Ci
Uranium (total) 391 ky
Tributyl phosphate 128 582 kg
Mormal paraftin hydrocarbon 55107 ky
Butanaol 1,364 kg
REFEREMNCES:

WWIDS general summary reports
ARH-CD-745

RPP-26744

DOE/RL-2001-M

DOE/RL-92-04

WYHC-EP-0287, Yolume 3

216-A-8 Crib

Basis of Knowledge (Data Types)

= Process History (PH)

= Downhole Geophysics - Spectral (DG-3)

» Downhaole Geophysics — Scintillation (DG-5C)

= Downhole Geophysics — Radionuclide Logging System (DG-R)
= Geologic Logs (GL)

= Soil Sampling Analytical Data (AD

= Yapor Sampling Data (V)

Inlet
Pipe

Site Plan View

-
=
=

FOOTO410.5

(not to scale; all well numbers prefixed by 299-)

Overflow
Pond \

E25-9

A!

- C4545
A E25.6 (DG-SIAD/V)
C4544 (V) (DG-SC/DG-S/V)
E25-14
? (DG-5C)
E25-205
Characterization Summary Site Section View
Characterization of the 216-A-8 Crib was performed (not to scale, units in feet bgs)
during the remedial investigation. A deep borehale
[C4545) was drilled, sampled, and geophysically E, : E : 2 2
logged at the head end of the crib (west end). o Hwed o o o
Wlaximum cesium-137 concentrations were 877 000 g' g' E g g' g' g'
pCifg from 2.8 to 6.6 m (19 to 21.5 ft) bgs from =ail e N O N ™ L
sampling and 1.5 million pCify at 6 m (20 ft) bgs from T I
geophysical logging. Additionally, B existing
boreholes were geophysically logged to assess the O ]H l.J]
digtribution of gamma-emitting radionuclides. The L
highest cesium-137 concentration was 30,800 pCify e
inwell 299-E25-5 at 7.6 m (25 fi) bgs. Sampling and 16-18
geophysical data indicate higher contamination near =
the head end of the crib. An anticipated layer of Sk
organic contamination from the preliminary
conceptual site model (DOE/RL-2001-01) was not g
observed, based on the borehole sampling. >10,000
>1,000
=100
LEGEND >10
Existing Borehole (data i i i
& . - s R W[ Water Table 262 ft bgs (C4545, 06/05)
W Water Table 137; no color kar on Site = _;5_; ______ T [
bgs = below ground surface gsggon:i:s:ﬁ;\(}ni:\?;?tﬁ e
idertified in available data.
281 gy 290 200 290 288

Figure 2-10. Contaminant Distribution Model, 216-A-8 Crib
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PUREX Zone

Contaminant Distribution Model

216-A-8 Crib

81 o dlaeneher

retirs oot
Ll 7 Legend
C | Hy  Hanford formation
15 5p R, Ringold Formation,
= Unit &
S Y7 Wiater rabile 20 m (262 )
r [June 2008, C4545)
30==100
B o
: 1030 003
451150 | soooen  Cesium-137
5 4 i - Concentration
»
3 S A Mk —
- }‘}" *1.000
B0 200
F Graval | |11+ >N
- 18
751280 ngﬂfiﬁi Initial effluert
o Yo oo o MDD o flowpath; zone of

II]]]]] low concentrations

o : of residual

100=4= 300 constituents
bgs Mot b scale

FOOTO330 4

. The 216-A-8 Crib received liquid waste created by condensing vapors

from self-boiling tanks in the 241-A, 241-AX, 241-AY | and 241-AZ Tank
Farms. The crib received 1,15 billion liters from 1955 to 1985,

. The maore immobile radioactive contaminants (e.q., cesium-137,

strontium-S0) sorbed to soils at the bottom of the crib and
concentrations decrease with depth. A zone of elevated cesium-137
concentrations exists between about 3.4 and 7.6 m (11 and 25 ft) bgs;
concentrations in this zone range from 10 pCifg to over 1 million pCifg.
Higher contamination is associated with the head end of the crb. Data
from geophysical logging and wapor sampling show no contamination
at the distal end of the crib.

. The effluent and muobile contaminants traveled downward through

coarser-grained material but tended to slow and spread at the
intersection with finer-grained material. As the effluent traveled
dowrward after discharge, contaminants may have been deposited
along the top of these zones.

. WWaste water and mobile contaminants migrated downward through the

vadose zone, These contaminants include both radioactive and
nonradioactive constituents. A number of the radioactive constituents
had short half lives and through time have decayed away.
Monradioactive constituents, especially the organics, have undergone
vaporization, decay, and organic/metabolic processes that limit their
persistence in the environment. The remedial investigation data
indicate limited residual organic contamination in the vadose zane
beneath the crib.

. Groundwater in this area has been impacted by discharge to the crib.

Based on the effluent volume and the tritium inventory for the 216-A-8
Crib, any future groundwater impacts are likely to be from tritium;
howeaver, future impacts are expected to be minimal due to the large
effluent wvolume discharged, the mobility of tritium, and the short half life
of tritiurm (12.3 years) (i.e., likely only <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>