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EXECUTIVE SUMMARY 
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The "Hanford Sitewide Groundwater Remediation Strategy" fulfi 77 s the 

requirements of the "Hanford Federal Facility Agreement and Consent Order," 

Milestone H-13-81, 1 to develop a concise statement of strategy that describes 

"how the Hanford Site groundwater remediation will be accomplished." The 

strategy addresses "objectives/goals, prioritization of activities , and 

technical approaches" for groundwater cleanup. 

The strategy establishes that the overall goal of groundwater remediation 

on the Hanford Site is to restore groundwater to its beneficial uses in terms 

of protecting human health and the environment, and its use as a natural 

resource . The Hanford Future Site Uses Working Group2 established two 

categories for groundwater commensura t e with various proposed land uses : 

(1) restricted use or access to groundw ater in the Central Plateau and in a 

buffer zone surrounding it, and (2 ) unrest r icted use or access to groundwater 

for all other areas. 

In recognition of the Hanford Future Site Uses Working Group and public 

values, the strategy establ ishes that the sit ewide approach to groundwater 

1Ecology, EPA, and DOE, 1992, Han ford Fede ral Facility Agreement and 
Consent Order, 2 vols. , as amen de d, ~ashi ng t on State Department of Ecology, 
U.S. Environmental Protect i on Agency , and U. S. Department of Energy , Olympia , 
Washington. 

2Hanford Future Site Use s Wor ki ng Group , 1992, The Final Report of the 
Hanford Future Site Use Group , Richland, Washi ng t on. 

i i i 



DOE/RL-94-95 
Draft A 

cleanup is to remediate1 the major plumes found in the reactor areas and to 

contain the spread and reduce2 the mass of the major plumes found in the 

Central Plateau . . Specifically, for the reactor areas, the following plumes 

are to be remediated: strontium-90 in the N Reactor area, and chromium in the 

K, D, and H Reactor areas. In the Central Plateau, an approach of containment 

and mass reduction is taken for the organic contamination associated with 

Plutonium Finishing Plant past operations, the combined technetium-99 and 

uranium plumes associated with the Uranium-Trioxide Plant, and the combined 

technetium-99 and cobalt-60 plumes associated with the BY Cribs. 

The approach to remediate each major plume is presented. Each approach 

is based on the general remediation principles to (1) define the extent of 

contamination, (2) identify and gain control of continuing sources of 

contamina t ion, and (3) implemen t conta inment / remediation of the plumes. Major 

information needs were revealed , including: in the 100 Areas, the geographic 

extent of chromi um contamination at D and K Reactors, and the method to 

control the source of stron tium-90 contaminat ion at N Reactor; in the 200 West 

Area, the vertical distr ibution of organi c, uranium, and technetium-99 

contamination; and in the 200 East Area, t he extent and source of 

technetium-99 and cobalt-60 cont am ination. 

The reduction of operations-der i ved l iquid effluent to the soil is deemed 

an integral element of the "Hanford Sitewide Groundwater Remediation 

1Groundwater remediati on refers to th e reduction , elimination, or control 
of contaminants in the groundwater or soil matrix to restore groundwater to 
its intended beneficial use. 

2Containment and mas s red uct ion refe rs to controlling the movement of 
groundwater contamination for t he pur pose of treatment. 
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Strategy." Protecting the Columbia River, reducing the spread of 

contamination, maintaining a bias for action, and using available technology 

are all public values that are recognized in the strategy and incorporated 

into the approaches. Qualitative estimates of technical feasibility are 

incorporated into the remediation approach described for each plume. 

Nitrate and tritium plumes contaminate wide areas of the aquifer under 

the Hanford Site. The strategy identifies the need for a detailed evaluation 

of practicable methods to reduce the flux of nitrate and tritium to the 

Columbia River. 

Key regulatory issues must be resolved to accelerate remediation, e.g., 

criteria for discharging treated groundwater back to the soil. This treated 

groundwater, from which the primary contaminants have been removed, may still 

contain elevated levels of co-contaminants. i Additional treatment for 

co-contaminants is identified as a major factor in determining the scope and 

feasibility of many of the ground;<1at er cleanup projects on the Hanford Site. 

Groundwater remediat ion wi ll aff2ct port ions of the existing monitoring 

well networks. These effects mus t be identified and resolved. Refinement of 

the existing monitoring networks and be tt er coordination with the groundwater 

remediation's monitoring effort is needed to better define the extent of 

plumes, their movement, and the effect of cleanup on groundwater 

contamination. 

1Co-contaminant refers to thos e chemical species that are found in 
addition to the contaminants of pr imary concern. 
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The strategy identifies the following areas of technology development 

that may significantly improve cleanup: barriers to flow, dense nonaqueous 

phase liquid identification and recovery, stabilization methods, and improved 

ion-specific water treatment methods. Furthermore, the strategy identifies 

the strontium-90, cesium-137, and plutonium contamination identified with the 

8-5 reverse well as an area for technology demonstration. 

This remediation strategy is an integral part of the "Hanford Site 

Groundwater Protection Management Program." 1 Coordination of groundwater 

remediation within the broader Hanford Site program of groundwater protection 

is necessary. Continuing the development and evaluation of contingency 

cleanup strategies is needed should the existing approaches prove infeasible. 

This strategy establishes an approach to remediation that emphasizes 

early and aggressive field programs while simultaneously collecting and 

evaluating information leading to a final Record of Decision. The approaches 

will be refined as the remedi at ion pro ceeds and a record of the cleanup 

results develops. The de velop~ent - -~ CT S 7c 2- and contaminant-specific 

groundwater remediation goa l s and f inal remediation alternatives remains a 

product of risk assessment, technical feasibility, and cost considerations. 

The development of this information remains at the operable unit level. 

1DOE-RL, 1993, Hanford Si t 2 Ground~ ater Protection Management Program, 
DOE/RL-89-12, Rev. 1, U.S. Depar tment of Energy, Richland Operations Office, 
Richland, Washington. 
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U.S. Department of Energy, Richland Operations Office-chaired group consisting 

of both internal and external groups, including stakeholders who play a role 

in liquid effluent management and cleanup activities at the Hanford Site. The 

Environmental Restoration contractor, with support from the Operations and 

Maintenance contractor for the U.S. Department of Energy, has the primary 

responsibility to carry out the strategy. 
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HANFORD SITEWIDE GROUNDWATER REl1EDIATION STRATEGY 

1.0 INTRODUCTION 

1.1 PURPOSE 
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The Hanford Sitewide Groundwater Remediation Strategy establishes the 
basis for managing remediation of contaminated groundwater at the Hanford 
Site. The strategy is an integral part of the refocused environmental 
restoration program. This document provides: 

• Direction for developing sitewide cleanup objectives for groundwater 
remediation 

• A basis for informed decision making and future planning related to 
groundwater remediation 

• A means to prioritize cleanup actions to optimize technical, 
administrative, and financial resources for effective remediation of 
groundwater 

• A means for facilitating involvement of the stakeholders. 

A sitewide perspecti ve is used in describing the strategy. Contamination 
problems are discussed at a broad, geographic scale and reflect the major 
groundwater issues facing the U.S . Department of Energy (DOE). Current 
stakeholder values, as well as existing Hanford Federal Facility Agreement and 
Consent Order (Tri-Party Agreement) milestones (Ecology et al. 1989) are 
incorporated in the strategy. Future groundwater remediation milestones will 
be an outgrowth of this strategy. Key technical, institutional, and 
regulatory issues are identifi ed . 

This strategy provi des di r :c:ion to decisions affecting sitewide cleanup. 
Determination of operabl e un i t (CU, -specifi c remediation goals (applicable or 
relevant and appropriate re quire~ents [ARAR] ) should reflect this strategy . 
However, interim and final remediation goals are site specific and will be 
developed at the OU level. 

1.2 CONTEXT FOR STRATEGY DEVELOPMENT 

Over 220 square kilometers (km2
) (85 square miles [mi2]) of groundwater 

beneath the l,450-km2 (560-mi 2
) Hanford Site are contaminated by hazardous and 

radioactive waste to level s above fede ral drinking water standards (DWS) 
(40 Code of Federal Regulat ions [CFR] 141) and the state's groundwater quality 
criteria (Washington Administrat ive Code [WAC] 173-200). Restoring the 
groundwater resource beneath the Hanford Site, reducing contaminant transport 
offsite via the groundwater pa thway , and understanding the risks posed by 
contamination, are all objectives of the environmental restoration program. 

1-1 
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Groundwater remediation at the Hanford Site is likely to be a complex, long
term, and potentially costly endeavor . 

Contamination affects a substantial volume of groundwater, which 
ultimately discharges to the Columbia River. The public has expressed a high 
degree of interest in the consequences of this discharge, and the outcome of 
the efforts to protect this valuable resource. Cleanup control and direction 
are established under the Tri-Party Agreement. This agreement between the 
DOE, the U.S. Environmental Protection Agency {EPA), and the Washington State 
Department of Ecology {Ecology) {Ecology et al. 1989) is legally binding for 
the DOE and is enforceable by the Ecology and the EPA. 

The magnitude of the environmental restoration challenge is revealed by 
the number of hazardous waste sites. The Hanford Site has been subdivided 
into four subareas that are included on the National Priorities List 
(40 CFR 300, Appendix B) of hazardous waste sites. These subareas contain 
over 1,000 past-practices sites as defined by either the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), or 
the Resource Conservation and Recovery Act of 1976 (RCRA). These sites have 
been grouped into over 75 ''operable un i ts" and 8 groundwater OUs associated 
with geographic regions and specific facilities. A location map showing the 
commonly cited names of operational areas is presented in Figure 1-1. 

As environmental restoration progresses from the assessment phase to 
active cleanup, it is essential to ma i ntain a balanced and consistent 
approach. The large number of indi vi dual remediation decisions and cleanup 
activities poses a subs t an ti al ch allenge to the DOE, state and federal 
regulators, and the contr actor s pe rforming the work. Furthermore, it is 
evident that the outcome of remedi ati on for a particular OU may be dependent 
on actions taken at other OUs within th e same groundwater flow system. Thus, 
the need for a comprehensi ve, sitewide groundwater remediation strategy has 
been recognized and incl uded as Tri - Party Agreement Milestone (M-13-81). · The 
milestone requires a concise , GO CJmented st r ategy that describes how 
groundwater cleanup wil l be :: n: · ::2d at th e Hanford Site. The strategy is to 
include objectives and goa ; s, ~~~ :~2 t echni cal approaches to address each 
major plume. 

1-2 
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2. 0 INSTITUTIONAL AND REGULATORY FRAMEWORK 
FOR REMEDIATING GROUNDWATER 
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This chapter describes the institutional and regulatory framework in 
which groundwater remediation is to be implemented under CERCLA. A unique 
process for applying CERCLA has evolved due to the complexity of 
administrating cleanup fer the large number of individual OUs at the Hanford 
Site. Other important programs at the Hanford Site that have a bearing on 
groundwater cleanup are also summarized in this chapter. 

2.1 TRI-PARTY AGREEMENT 

In May 1989, the EPA , Ecology, and DOE entered into an interagency 
agreement, the Tri-Party Agreement (Ecology et al. 1989). The · 
Tri-P~rty Agreement provides t he legal and procedural basis for cleanup and 
regulatory compliance at the Hanford Site's numerous hazardous waste sites. 
It identifies timetables for waste cleanup and a series of "milestones" by 
which certain actions must be implemented or compl eted. · 

The Tri-Party Agreement coordinates two important regulatory programs: 
RCRA and CERCLA. The EPA has the lead role in administering CERCLA . Four 
subareas of the Hanford Site , the 100 , 200 , 300, and 1100 Areas, are included 
on the EPA ' s National Priori tie s List (40 CFR 300 , Appendix B). 

Ecology has the lead role in administeri ng RC RA under provisions of the 
state's WAC 173-3 03, "Dangerous Waste Reg ul ati ons. " Under the Tri-Party 
Agreement , the re are more than 50 RCRA t reatment, storage , and/or disposal 
(TSO) units th at will be closed or permitted to operate. Most of the TSDs are 
located within OUs. 

2. 2 APP LI CAB I LIT'/ OF S I"i:::·.i! : ::: G;{Ct.: :·iC'./,\ E;{ 
REMEDIATI ON ST~~T ::: ; y 

The Hanford Sit 2:-1i d2 Gn ::r:::: ;-1 2: 2r ,ie:-:;edi at ion St r at egy provides a means of 
addressing issues of s it2~id 2 s~~nif i :anc2, and a broader perspective for 
planning remediation at t~e OU level . Future Tri -Party Agreement milestones 
will be developed on the basis of this strategy . Decision making at the 
OU level is driven by regulations, and should be compatible with the· strategy . 
Figure 2-1 illustrat es the relationship of the groundwater remediation 
strategy to the Hanford Past Practice Strategy (HPPS) (Thompson 1991) . 

2.3 CERCLA REMEDI AL INV EST IGATION/FEAS IBILITY STUDY 
PROCESS FOR THE OP E:t\3L. '.: t.;~IIT 

Within t his doc ument , gr:und~ater re~ed i ati on refers to those CERCLA 
restoration activit ies t~a: ret~rn c:nca~in ated groundwaters to their 
beneficial uses wherever ~rac: icab12. Jo:2 nt i al beneficial uses of 
groundwater are in par: d2~2ndent en :~equality of t he resource. 
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Figure 2-1. Relationship of the Sitewide Groundwater Remediation 
Strategy to the Hanford Past Practice Strategy. 
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In general, restoration cleanup levels in the CERCLA program are established 
by ARARs. 

The CERCLA regulatory process typically involves establishing preliminary 
remediation goals for individual OUs , which are modified on the basis of the 
remedial investigation (RI) and feasibility study (FS) . Preliminary 
remediation goals for OUs are based on readily available information and 
ARARs. Goals may be modified as characterization and cleanup activities are · 
implemented. However, final remediation goals are determined when spec i fic 
remedies are selected and a Record of Decision (ROD) is reached. Preliminary 
and final remediation goals are generally numeric and are set at the OU level. 

A significant portion of the effort in reaching a ROD leading to 
implementing remedial actions (RA) takes place under the RI and FS process. 
The RI is a process to determine the na t ure and extent of the problem 
represented by the release . The RI emphasizes data collection and site 
characterization and is generally performed concurrently and in an interactive 
fashion with the FS. The RI includes sampling and monitoring, as necessary, 
and the gathering of sufficient information to determine the necessity for RA , 
and to support the evaluation of remedial alternatives . The RI and the FS are 

· collectively referred to as the "RI / FS." 

An FS develops and evaluates options for RA. The FS emphasizes data 
analysis using data gathered during the RI. The RI data are used in the FS to 
define the object i ves of the response action , to develop remedial 
alternatives , and to unde rtake an ini t i al screening and detailed analysis of 
the alternati ve s. Each alte rnat ive (viabl e approach to an RA) is assessed 
with respect to a set of evaluation cri t eria . These criteria are : 

• Overall pro t ection of huma n health and the environment 
• Compliance with ARAR s 
• Long-te rm eff ectiveness and oermane nce 
• Reduct ion of t oxic i t;, mob i lity, or volume t hrough treatment 
• Short- ter~ effec~i ~eness 
• Impl ementabil ity 
• Cost 
• State acceptance 
• Commun ity accept ~n~e . 

Risk assessment eva luations are al so i nco rporat ed into the decision process at 
this time . 

Once the RI / FS is compl eted, t he EPA sel ect s the appropriate cleanup 
option. This important step is doc ume nt ed by a ROD. Following the ROD, the 
remedial design is th e tec~ni cal analysis that follows selection of a remedy 
and results in de t ailed plans and specificati ons for implementation of the RA. 
An RA follows the r emedial des i gn and involv es ac t ual construction or 
implementation of a cleanup. A pe r iod of ooerati on and maintenance may follow 
RA activities. 

2- 5 
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The HPPS (Thompson 1991) was deve l oped for the purpose of streamlining 
the past-practice corrective action process. Although investigations and 
studies remain important for meeting long-term goals, a significant portion of 
the near-term funding resources can be dedicated to that remedial work for 
which there is sufficient information to plan and implement interim measures. 
The HPPS allows for: 

• Accelerating decision making by maximizing the use of existing data 

• Undertaking expedited response actions (ERA) or interim response 
measures (IRM), as appropriate, to either remove threats to human 
health and welfare and the environment, or to reduce risk by 
reducing toxicity, mo bility, or volume of contaminants. 

There are three paths for dec i sion making under the HPPS. A limited 
field investigation refers to t he collection of limited additional site data 
that are sufficient to support a decision on conducting an ERA or an IRM. 
An ERA may be implemented for situat ions requir i ng an immediate onsite 
response action to abate a threat to human health or welfare or the 
environment . For situations in which extensive information may not be 
necessary to initiate some cleanup action, an IRM may be implemented before a 
final remediation action. 

2.5 OTHER RELEVANT DOE PROGRA;-1 ACTI'/ITIES 

There are a number of other ongoing programs at the Hanford Site that 
relate to or af fect gro undwate r and are described below. Planning and 
implementation of CE RCLA srou ndwa t er remediation should be integrated with 
these other DOE program ac t i vities. 

2.5.1 Groundwater ?rot2c:~ ;:;i ;1: :1:J2::-:e n~ Progr am 

In accordance wi th COE Cr~2r ~lCJ .l, General Environmental Protection 
Program (DOE ' l988a) , t he Hanfor1 Si t e GrJundwat er Protection Monitoring 
Program (GPMP) has be en formul ated (CC t - RL 1993c). The intent of this program 
is to protect the groundwater resou rc es of the Hanford Site. With several 
DOE programs (e .g., wa st e management , environmental protection, and 
environmental restoration ) engiged in act ivit i es that affect groundwater, 
there are circumstances wh ere coordin ati on of these programs is necessary to 
prevent duplication of effo rt, resolv e potentially conflicting objectives, and 
make optimal use of resources . 

In January 1994, a il2'.v Tr~ -?ar: y Agreement mi 1 es tone , M-13-81A, was 
negotiated. Thi s mi l estone st i Ju l at2 s th e re vi si on of the existing Hanford 
Site GPMP documen t (DO E- RL 1s;3c ) to in corporat e cleanup goa l s, · 
Tri-Party Agreement requi re~en ts c~nc erning discharge to the ground, 
groundwater wit hd rawal an d tr~a: ~en t, and t he treatment of liquid effluents 
discharged to the so il co lumn . T~e r ev ~sed Hanford Site GPMP wi ll be used to 
coordinate these efforts ana ~o ~ailag e Hanford Si te groundwater resources. 
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This will widen the purview of the document, which will serve as a vehicle for 
coordinating issues that cross institutional and regulatory program 
boundaries. 

2.5.2 RCRA Waste Management Facilities 

Under the direction of DOE, Richland Operations Office (RL), there also 
is a major effort to comply with EPA and state regulatory requirements at 
TSO units. The RCRA program involves application for permits to operate 
regulated TSO units, compliance monitoring of groundwater to detect and assess 
possible contamination from the TSO units, and corrective measures including 
development of TSO closure plans and cleanup actions. Groundwater monitoring 
at a TSO facility is designed to distinguish upgradient groundwater conditions 
from conditions downgradient of the TSO (Geosciences 1994). Groundwater 
remediation activities that involve pumping and reintroducing treated 
groundwater will affect groundwater flow and quality, and will have 
significant impacts on portions of the RCRA monitoring program. These impacts 
need to be identified and resolved. 

2.5.3 Liquid Effluent Program 

In December 1991, Ecology and DOE signed Consent Order No. DE 91NM-177, 
also known as the Liquid Effluent Consent Order. The Consent Order, together 
with Tri-Party Agreement Milestone M-17 -00, commits the DOE to an aggressive 
schedule for compl etion of effluent disposal facility upgrades and to secure 
permits. Under this order , permits adm inistered for WAC 173-216, "State Waste 
Discharge Permit Program" require me nts are applicable to certain liquid 
effluent streams (Ecology and DOE 1992) . The "216" Permit requires best 
available technology or all kncwn and reasonable methods of prevention, 
control, and treatment fer those waste streams. As directed by Ecology and 
DOE (1992) and the Tri-Party Agr2e~ent (Ec ology et al. 1989), for interim 
compliance purposes, grounc~a!2 r 1~:act asse ssments were performed for a 
number of effluent dis pcsa~ f a: i ~i : i es (Ty le r 1991). Most of these disposal 
facilities are also loc at 2d in :~~C~A CU s. 

Under RL, a liquid eff~u2~: or: ; r1~ is being conducted to bring 
facilities that discharge liqu id effluent s into compliance with environmental 
regulations. The focus is to reduce liquid effluent volumes generated, expand 
and improve treatment capaciti es, and t o cease discharge of contaminated 
effluents to the ground. Efforts to reduce effluent discharges in the 
Central Plateau have already succeeded in reducing the rate of spread of many 
contaminants, most notably beneath t he 200 West Area. 

RL is constructing the 200 Ar ea s Effluent Treatment Facility (ETF) to 
provide effluent treat~ent and dis~csai capability for the Central Plateau by 
June 1995. The initial mission of t he 200 Areas ETF (Project C-018H) is to 
provide treatment · of process c: nce nsate from the 242-A Evaporator. Treated 
effluent from the 200 Areas ET ~ ~ i ~~ je disposed to a crib-type discharge 
facility called the State-Aooro·12c ~ana uispos al Site, which is being 
constructed north of the 200 ~es: Ar 2a . A second liquid effluent program 
project, the 200 Areas Tre ated Ef~~ cent Disposal Facility (TEDF) 
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(Project W-049H), will provide a network of p1p1ng in both the 200 East and 
200 West Areas. The 200 Areas TEDF will discharge the treated effluent to a 
new pond located in the 200 East Area. 

Disposal of treated effluent from these facilities to the ground will 
likely result in some localized changes in groundwater flow directions. Of 
greater significance to groundwater remediation is the presence of potentially 
high concentrations (maximum 6,000,000 picocuries per liter [pCi/L]) of 
tritiated water in the treated effluent to be disposed to the soil column from 
the 200 Areas ETF. Tritium cannot be practically removed by treatment 
(DOE-RL 1994). This will result in the introduction of a new tritium 
contaminant plume to the unconfi ned aquifer. 

2.5.4 Operational and Sitewide Monitoring 

Operational groundwater mon i tor i ng and sitewide surveillance monitoring 
of groundwater have been conducted by the DOE for a number of years. 
Operational monitoring is oriented toward evaluating the effects of 
operational facilities (mostly related to liquid effluent disposal) on "near
field" groundwater conditions, but al so examines resultant sitewide effects of 
operations (Johnson 1993). The s i tewide program is a broad monitoring effort 
primarily oriented toward evaluating "far-field" sitewide conditions and 
offsite exposure to Hanford Site act i vities (Woodruff and Hanff 1993). 

2.5.5 Hanford Remed ia l Action Environmental 
Impact Stat ement 

The DOE has i nterpreted the Nationa l Environmental Policy Act of 1969 
requirements to be appli cable to environmen t al restoration program activities . 
The Hanford Remedia l Action En~ironmental Imoact Statement is being prepared 
and will examine remediation al~ernatives and deci~i ons germane to overall 
cleanup of the Hanford Site. 

2.6 REGULATORY 01E~LA? 

Several federal and s:ate regulations are applicable to activities 
affecting groundwater. Be cause these reg ul ati ons are applied to facilities 
and activities often s ituated in the same loc ation , there are overlapping 
regulatory programs with potenti ally confli cti ng requirements and conditions 
to be satisfied. Some of the issues rais ed by thi s overiap of regulatory 
programs are descri bed below : 

• Disposal of liquid effluents to the gro und or surface waters that 
are generated oy ~ertain CE ~C LA ou~o and treat actions may be 
subject to ~AC 173- 215 reauirements. Fo r example , partially treated 
groundwat er t~a: must ce ret~rnea to the ground may exceed state 
groundwater aua :~ty crit er ia, ana ther eby may be in conflict with 
state re quire~en ts . 
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• Liquid effluents disposed under a WAC 173-216 permit may affect 
groundwater quality or movement in a manner that is incompatible 
with CERCLA remediation objectives. For example, the 200 Areas ETF 
(Project C-018H) will dispose treated waste containing tritiated 
effluent to a proposed State-Approved Land Disposal Site and, as a 
result, there will be a new tritium plume contaminating the 
unconfined aquifer. 

• RCRA "derived-from" and "mixture" rules for listed waste ·as 
administered by Ecology under WAC 173-303 could result in additional 
regulatory requirements for CERCLA cleanup actions. This would 
delay the start of remediation efforts if substantive requirements 
of RCRA are imposed. 

• Movement of groundwater and reintroduction of treated groundwater 
for CERCLA remediations will result in changes to groundwater flow 
paths, water table elevation, and plume trajectories. This will 
compromise the effectiveness and potential regulatory compliance of 
portions of the RCRA groundwater monitoring network. 

Effective and expedient implementation of groundwater remediation depends on 
clarification and resolution of potentially conflicting regulatory issues. 

2.7 "CERCLA" Monitoring Net~ork 

Existing Hanford Site monitoring networks were not designed to meet the 
needs of the environme ntal rest orat ion mission. RCRA and operational 
monitoring networks, and CERCLA groundwater investigations are typically 
designed to evaluate groundwater conditions at individual facilities or in a 
limited geographic area. I~plementing multiple, concurrent groundwater 
remediation efforts wi ll affect larg e area s and impact many of the localized 
networks, significantly redu cing t he!~ effectiveness. 

To support the refcc us~j e~v,ron~ental restoration program, it is 
recommended that a CE ~CLA ~c n~:cr ing ne:~ork be developed based mostly on 
existing wells t hat ad c:res:3: ;: : ) :.~2 effecti veness of RAs, (2) the movement 
of plumes, (3) early no t~f1ca: ~c n of in creasing contamination, and 
(4) compliance with selec ted standards i n areas away from the plumes. 
RC RA-related and other ground·da ter mo nitoring programs would not be 
compromised. Coordinati on of groundwate r data collection among the systems is 
required to maintain an eff i cient, co st - effective operation. 

To better align wi th the regula tory framework of remediation, the CERCLA 
network should con sist of four categories of monit oring wells: 

• Treatabil ity t2st monit oring ~e17s 
• RA assess ment ~e11s 
• Plume per iphery ~cnl :cr ing ~e113 
• Compliance mo niicr ~ng ~e1~s. 
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A remediation effort would include wells that fit each category, 
e.g., nesting from centers of highest contaminant concentrations (treatability 
test and RA wells), to lower concentration (plumes periphery wells), to areas 
of no contamination (compliance wells). The area of coverage for each well 
category, sampling, and reporting requirements would be established to meet 
the objectives of the well category . 

The strategy recommends development of a compliance monitoring network 
that would surround the Central Plateau . Figure 4-3 shows an approximate 
location for such a network. This recommended boundary closely approximates 
the Hanford Future Site Uses Working Group's waste management area boundary 
for the Central Plateau . Sufficient wells currently exist to implement such a 
network. 
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Successful remediation of groundwater necessitates public, tribal, and 
regulatory acceptance of both the process and outcome . That acceptance is 
more likely to occur when an informed public is provided meaningful 
opportunities to participate in the process and help determine the outcome. 
This strategy was developed with recognition that stakeholder values should 
shape cleanup objectives and aid in prioritizing the sequence of cleanup 
actions. While there is a great diversity of viewpoints among the 
stakeholders in cleanup of the Hanford Site, there are values shared by many 
that may serve as themes for building consensus and providing direction to 
groundwater remediation. It is necessary to have a vision for what must be 
accomplished in the cleanup of the Han ford Site. The desired future uses for 
the land and resources of the Han fo rd Site provide the basis for determining 
the goals of environmental r es t orat ion. Th i s chapter presents stakeholder 
values and describes proposed future uses of the Hanford Site . 

3 .1 VALUES 

Values to guide groundwat er remediation are based on comments and 
statements expressed by t he publ ic, Indian nations, and stakeholders in a 
variety of public forums. In it ial i nformation for this chapter was derived 
primarily fro m publ i c co~mentary t o rece nt revisions of Tri-Party Agreement 
milestones (Ecology et al. 1989), from Hanford cleanup stakeholders and tribes 
that partic i pat ed in t he Fu tu re Sit 2 Use Working Group (Hanford Future Site 
Uses Working Group 1992)•, an d the Hanford Tank Waste Task Force (Tank Waste 
Task Force 1993). Su bsequent r efin ement of t his documen t will incorporate, as 
appropriate, pu bli c and tr ibal ~erspect i ,,es expressed during workshops for 
groundwater remed i at ion and t he ~: nford Advisory Board perspectives . 

Commonly held val ues to ; ui ~e gro~~d~ate r r emedi at i on are as follows: 

• Protec t and t he en vi ronment 

• Protect t he Co 1 '..::-:c '. ~ ~.' . : .-

• Use availabl e tec h~o~cgy ~nJ stJrt remed i ation 

• Develop new tec ~n olog~e~ :o cl ean up co nt aminan t s less amenable to 
remediation wi~ h av~ i~ ab l e t ecnno l ogie s 

• Reduce the mo bili ty, to xi city, an d qu ant i t y of groundwater 
contaminants 

• Do no t hing to :n2:,2 ~r:::~r.:·.1.::,:2r ;::rotection and remediation efforts 
less effe cti ve 

• Comply wit h apo 1i ca.: ~e - .:. · :: ~1 , . s~at e, and local laws/regulations, 
and t riba l treaty r i ; ~:.: 

• El im in at e t he dis ::: cs~ ; , - '. :~ '. d was te t o th e soil column 
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• Clean up groundwater on a geographic basis, to the level necessary 
to enable the future land use option to occur 

• Facilitate DOE's efforts to relinquish control of parts of the site 

• Use funding wisely and effectively. 

3.2 EXTENT OF CLEANUP TO ENABLE FUTURE USES 

For the purpose of identifying a range of potential future uses for the 
Hanford Site, the Future Site Use Working Group was convened (Hanford Future 
Site Uses Working Group 1992). The group was composed of representatives from 
relevant federal, tribal, state, and local governments, as well as 
representatives from constituencies for labor, environmental, agricultural, 
economic development, and citizen interest groups, all with an interest in the 
cleanup and future uses of the Hanford Site. Generic proposals for how an 
area of the site might be used in the future, called "future use options," 
were developed. Types of future use options considered were: 

• Agriculture 
• Wildlife 
• Native American uses 
• Industry 
• Waste management 
• Research / off i ce 
• Recreati onal / related commercial 
• Recreation . 

In devising cleanup sce narios for the various future use options, the 
group addressed the issue of '' he~ clean is clean" in general, nonregulatory 
terms. Cleanup scenario s ident ify distinct l evels of "access" necessary to 
allow various future land use o• tions, whi ch are based on the presence of 
contamination to t he air, 3~ r~ac~ . sujsurface , and groundwater. Potential 
beneficial uses for grcunt~a:2r are t~e r ein l in~ed to future use options. 
Levels of access def ined~! : ~2 ;r~~ • are: 

• Exclusive-- an area ~n2re access is rest ricted to personnel who are 
trained and mon itorea fer ~orking wit h radioactive or hazardous 
materials 

• Buffer--the part Jf the s i te th at surrounds an exclusive area. It 
is treated li ke an excl usive ar ea because of potential risks from 
the exclusive area, i n whi ch en vironmental restoration activities 
(but not waste management area ac ti vi t ie s ) may occur 

• Restricted--an area ~here access is limited because of 
contaminatio n, ~i:i : ~2 exce• tion that t he groundwater may be 
restric ted on 3n 1n~ 2r i~ 6as1s and ultimately cleaned up to 
unrestric ted stat~: 

• Unrestrict ed-- an area ~nere t~ er e is no access restriction. 
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The Future Site Use Working Group devised cleanup scenarios for six 
geographic study areas (Figure 3-1). The group then recommended general 
priorities or criteria that could be considered for focusing cleanup 
activities. Cleanup scenarios relevant to groundwater remediation are 
presented in the following secttons. 

3.3.1 Reactors on the River 

The Reactors on the River area is an aggregation of all 100 Areas OUs and 
incl~des reactors and associated fac i lities within a 68.8-km2 (26.6-mi 2

) area. 
For all cleanup scenarios, gro undwater would be remediated to an unrestricted 
status for the entire area. Cleaning up flows of contaminated groundwater to 
the Columbia River is t he most immediate and highest priority. The following 
specific areas are identified as the most important for cleanup of 
groundwater: 

• N Reactor area with associated springs and seeps 
• K Basins 
• Groundwater contamination flowing i~to the Columbia River. 

3.3.2 Central Plateau 

The Central Plateau enccmpasses app,oximately 116 km2 (45 mi 2
) at the 

center of the Han f ord Site, and includes the 200 East and 200 West Areas and 
an area informally known as the 200 North Are a. The cleanup scenario for the 
Central Plateau assumes tha: fu~ure use of th e surface, subsurface, and 
groundwater in and immediately surrcunding the Central Plateau would be an 
exclusive waste management a.e~. Surrounaing the exclusive area would be a 
temporary sur f ace and subsu r face buffer zone to reduce risks associated with 
ongoing activit ies in the C2 ~tr3 l ?lateau . E~vironmental restoration, but not 
waste management ac:ivi~ i2s , ~cu~ d occur i n ~he buffer zone to clean up 
existing contamin ation . T~2 cl2 anu~ tar;et for the buffe r zone is to 
remediate and re store ccn:~~ i~ 2:2~ are~s (lncluding grou ndwater) for ultimate 
availability for unrest r~c :2: ~22. 

For the exclusi ve zone, the cl eanup target is to reduce risk outside the 
zone sufficient to minimize the size of the buffer zone or restrictions posed 
by contaminants coming frcm . t he Central Plat eau. Periodically, the size of 
the buffer zone would be decreased commensurate to the decrease in risks 
associated with waste management activities. It is important that cleanup 
efforts seek to prevent the spread of groundwater contaminants to other areas 
of the site. Localized grcur.dwater cl ea nup with i n th e Central Plateau should 
be quickly pursu ed for those ac:~ons that preven t the migration of 
contamination. In the for e e2aJ l e future, :he ~as:e ma nagement area would 
remain an exclu sive zone. c:er.ding on tec~ni cai capabilities, it is 
desirable to ul timate ly ac~ 2·12 cl23~ , J s~f~ic12nt to allow future uses other 
than waste managemenI . 
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Figure 3--1. Hanfcrd Future Site Uses Geographic Areas. 

,- -J- ------------.__, 

,-J ~, 
~J ~, 

,-J -, 
__ J -, 

,-J ~, 
,. J State Highway 24 1 

_J _________ .;.;:.;._-=-_..;;,.._ ____ ~.~--

,--J 
,- J 

,..J 
,-J 

,-J 

rJ 
I 

r-...1 
I 

_J 

I 
To f 

Yakima : 
I 
I 
t 
I 
I 
I 
I 
I . 
I 
I 

0 1 2 3 4 
) I I I I 
II II I I I I I 
o 4 8 Kilometers 

b ;j Arid Lands 
Ecology Reserve 

• Reactors on 
the River 

D North of River 

D Columbia River 

l%%i) Central Plateau 

ml] All Other Areas 

This map is to be used as a 
conceptual tool providing general 
information for the Hanford Future 
Site Uses Working Group. 

3-5/3-6 

-, 
I 
I 
I 
I 
I 
Ll 

I 
I 
I 
I -, 

DOE/RL-94-95 
Draft A 

To 
Richland 

H9408016.3 



THIS PAGE INTENTIO ALLY 
LEFT BLANK 



3.3.3 Columbia River 

DOE/RL-94-95 
Draft A 

Eighty-two kilometers (fifty-one miles) of the Columbia River flow 
through or border the Hanford Site. Cleanup of contaminated groundwater that 
discharges into the Columbia River is an immediate priority. Cleanup of 
sediments in the river or of contaminants in the riparian zone should be 
undertaken only if the cleanup can occur without causing more harm than good. 
There should be no dam construction or dredging in the Hanford Reach. Class A 
water quality should be maintained over the long term, with reasonable efforts 

. to improve the water quality over time. 

3.3.4 North of the River 

The "North of the River" (Wa hluke Slope) subarea refers to 363 km2 

(140 mi 2) of land north of the Columbia River that is relatively undisturbed 
or is returning to shrub-steppe habitat. Potential uses of the subarea North 
of the River would be unrestricted and would not be constrained by the 
presence of contamination on the surface or in the groundwater. It is assumed 
that cleanup can be performed relatively quickly and at a low cost using 
existing technology, i.e., cleanup could begin immediately. This priority for 
early cleanup should not detract from cleaning up areas that pose an imminent 
health risk. It was also assumed that cleanup costs for this area are a 
relatively small percentage of the overall cleanup budget. Early cleanup 
would allow conversion of the si te to future use options and show tangible 
progress in cleanup. 

3.3.5 Arid Lands Ecology ~eserv~ 

The Arid Lands Ecology Reserve is 311 km2 (120 mi 2) of a relatively 
undisturbed habita t /jildlife r2s2rve south of Highway 240 and west of the 
Yakima River. Use of grouncwa:e r woul d be restricted where groundwater is 
contaminated or where wit~dr~~al of groundwater would spread contamination. 
No future use op tions for t~e Arid Lands Ecology Reserve require the use of 
the groundwater bene ath ~~a~ area . Follow ing DO E direction, cleanup of the 
Arid Lands Ecology Reser~e \3 : ~rrentl y underway wi th completion expected in 
the fall of 1994. 

3.3.6 All Other Areas 

This geographic area of 627 km2 (2 42 mi 2
), incorporates the 300, 400, and 

1100 Areas, and all of the Hanford Site not included in the five other 
geographic areas desc ribed by the gr oup . Future use options defined for "All 
Other Areas" assume no migr at io n of contaminants from the Central Plateau, 
except existing ground~ater ~l u~es . K2y clea nup priorities would be threats 
to drinking water sucaly we17 f i elds an d areas where there is existing public 
access to the riv er. ~he re cl eanup activitie s would threaten wildlife species 
and/or habitat, the benef i :~ of gr8~ nd~ater remediation should be compared to 
the potential har~. The guijing ~rin ciple is to "do no harm." 
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Two cleanup scenarios were proposed. For one scenario, groundwater 
beneath the 1100 Area would be unrestricted, because of the proximity to the 
city of Richland's water supply well fields and residential areas. Elsewhere, 
groundwater use would be restricted where it is contaminated or where 
withdrawal of groundwater would spread contamination. 

The second scenario suggests that access to groundwater within the 
300 Area should be restricted and the other areas remediated to unrestricted 
status. Within 100 years, after which it is assumed that there would no 
longer be institutional controls, the entire geographic unit should be 
restored to attain unrestricted status. 
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This chapter presents the geologic and hydrologic features that control 
the direction and rate of groundwater flow. The major plumes on the 
Hanford Site are tabulated and described relative to the quantity and extent 
of contaminants. Distribution patterns are also discussed. 

The physical, chemical, and hydraulic characteristics of stratigraphic 
units determine contaminant flowpaths and migration rates. These features 
also influence the capability to intercept and remediate a contaminant plume. 
Knowing these characteristics, along with a history of wastewater disposal, 
the basis for selecting appropriate methods to remediate groundwater and/or 
restrict the spread of contamina t ion is formed. 

4.1 HYDROLOGIC CHARACTERISTICS 

The Hanford Site is located in the Pasco Basin, a broad sediment-filled 
depression that lies within the larger Columbia Basin physiographic province. 
The Hanford Site is noted for its thick sedimentary fill, wide areal 
variability in water and contaminant movement, deep unconfined aquifer, and 
limited natural recharge to the aquifers. 

4.1.1 Vadose Zone 

The soil column abov e t he water t ab l e is dominated by unconsolidated 
sandy gravels (Hanford formation) that were deposited during glacial activity 
during the last 10,COO to 15,COO years . These sediments are highly 
transmissive to water . The downward movement of moisture is slowed wherever 
fine-textured so ils or sedi men t s occur. In the eastern side of the Hanford 
Site, the water table resi des in t hese s2a iments. Evapotranspiration prevents 
most of t he precipitati on f rs~ r eacning grou ndwater . 

The strati gra phy aco11e t. :;2 ·n.:er t2.bl e in the Central Plateau has a 
profound influ ence on t he ~ov2~:::n : Jf : i~u id effluents through the soil column 
beneath many was te di sposal si :::s . L2.yers of fine-textured sediment slow the 
downward movement of water, result ing in saturated water zones above and 
separated from the top of the unconf i ned aquifer (''perched" water zones). 
This condition expands the sou rce area beyond the physical dimensions of 
disposal facility. It al so sign i fi can tly influences the time required for 
contaminants to reach the wa ter tab l e. extended drainage periods may persist 
following termination of wastewater disposal operations. The interplay 
between stratigraphy and disposal cperations is an important element in 
planning groundwater re~edi3t ic n. 

4.1.2 Aquifers 

The uncon fine d a u~fer se ~:::r:; , ; _1 :c::u rs in unconsolidated to semi
consolidated si lt s, s nd s , a:-:-: gr2. ·121s o:= ::.:.e Ring old Formation. These 
sediments were dep osi 2d by t~e :~ 1~~Ji a ~'.v er as it meandered across the 
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central Pasco Basin during the past se veral million years. The Ringold 
Formation is less transmissive to water than the Hanford sediments. 
Groundwater flow rates are highly variable due to aquifer heterogeneity, but 
generally range from less than 0.30 meter/day (1 foot/day) to several 
meters/day (feet/day) (Freshley and Graham 1988). The highest rates are in 
the unconsolidated gravelly sands of the Hanford sediments, and similar 
deposits in the middle Ringold Formation. 

Underlying the Ringold Formation are the Columbia River Basalts, which 
are extensive layers of flood basalt. The basalts contain numerous confined 
aquifers, some of which are regional water sources. Vertical movement of 
water between aquifers may occu r along fractures or faults in some areas 
(Early et al. 1988). 

4.1.3 Aquifer Recharge 

Both natural and artific i al sources of water recharge the aquifers within 
the Pasco Basin. The most sign i ficant volume source is irrigation water from 
the Columbia Basin Project , although the influence is limited to the area 
north of the Columbia River , bec ause the river acts as a groundwater flow 
divide for the unconfined aquifer . · 

Irrigation in the upper Co ld Creek valley to the west of the Hanford Site 
may contri bute a port ion of the recharge t o the unconfined aquifer beneath the 
Central Plateau. The vol ume of recharge i s uncerta i n, because much of the 
irrigation wate r is lost tJ evapor ation. Artifi cia l recharge caused by 
Hanford Site operati on s hist ori cally has produced major groundwater mounds in 
the 200 East an d 200 !vest Ar2as . Th2 reduct ion or cessation of waste disposal 
has resulted in dec l in es in ~ater ta bl e elevations across much of the 
200 Areas . The dis appearance 07 mound s an d changes in water table elevations 
have changed con t aminan t olu~e char1c:2risti cs. At the southern end of the 
Hanford Site, t he city of 1~ c~1and m~int ains a groundwater storage "reservoir" 
that creat es a groun t~at2r ~a ~~ ~. ~~ ich influences groundwater flow directions 
in the 1100 Area. 

4.1.4 River/Groundwater ! ~: 2~: :: '.o~ 

The interaction bet~een t~e Hanford Site aquife r and the Columbia River 
is an important el eme nt in ass2ssing con taminant imoacts on the river system. 
River water moves in an d out of the ban~s during daily stage fluctuations, 
causing variable wa t2 r qua lity char acteristic s in sh oreline monitoring wells. 
Also, the interface zo ne bet~een the river and th e aquifer has characteristics 
that may retard or modi fy c8nt : minants being transported by groundwater 
(Peterson and Joh nson 1992 ). 
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Contaminant plumes move in directions that are approximately 
perpendicular to the water table elevation contours. Plume maps that 
represent typical chemical and radiological waste indicators are shown in 
Figures 4-1 and 4-2. During the operating history, changes in the volume of 
liquid waste disposed to the soil column have changed the shape of the water 
table, resulting in alterations to migration patterns. 

In the 100 Areas, flow toward the river averages several to 
4.6 meters/day (15 feet/day). The rate is strongly influenced by river stage 
within several hundred feet of th e sho reline. During extended periods of high 
river stage, flow is te mp oraril y i nl and f rom the river , resulting in bank 
storage of river water . An upwa rd hydraulic gradient is present from deeper , 
confined aquifers , whi ch works against downward migrat i on of contamination. 

On the Central Plate au, average r ate s of movement in the upper unconfined 
aquifer are about 0.15 me t er/day (0. 5 foot / day) in the 200 West Area and 0.3 
to 0.61 meter/day (1 to 2 f ee t /d ay) el sewhere; however, locally flow rates may 
reach as high as 6 meters / day (20 feet / day). Flow rates in the confined 
aquifers are much slowe r (<0 . 003 mete r / day [<0.01 foot/day]). The potential 
for downward vertical movement of groundwater from the unconfined aquifer into 
the upper confined syst em in some are as beneath the Central Plateau exists, as 
revealed by the dec re ase in hydrau lic head with depth (Johnson et al . 1993). 

Groundwater mon i toring re sul ts i nd icate the occurrence of mobile 
(iodine-12 9 and techneti um- 99 ) ccnta~inants i n the con f ined aquifers (Early et 
al. 1988). This occ urs wnere nat ural, fra cture-controlled intercommunicat i on 
exists (e .g. , Gable Gap area) , and wh ere preferential pathways may have been 
created due to unsealed ~e1ls ca nn ec~ing uppe r an d lower aquifer systems 
(e .g., ol d wells drilled in~: ~ ~e up: er oasalt aqui fer s near waste disposal 
sites) . Wh ere ccn~ am inan:s ; =-·;_e ~':1c.ec: the confi ned system, the areal extent 
or movement should be '1er~1 ; '. ~~ -.ec as c: ;;io ared to the upper unconfined aquifer 
where most of the grc un~~::e· :: ~::~'.~ :: i :1 oc:u rs . 

Mar ked variat ions '.1 ~e :~ e=- : -~! : j :c:~r ~i:hin the unconfined aquifer, 
especiall y i n the 2CO ',le::..:..-~:. :· ' :: ~e ce:.:en ting of the aqu i fer sediments 
accounts for most of tne ~:f=e-e~: ~: ; :er~e ability in the 200 West Area. 
Within the 200 Eas t Area t~e ~a~ar sourc e of variability is whether the top of 
the water table is l ocated ~i ~Jin :~e R~n cold Formation or the more permeable 
Hanford formation. The i n~2ract~cn of na:~ ra1 and art ificial recharge sources 
with the variation in aqu i f2r ~e ~~eaoi;i~; across th e Central Plateau controls 
the direction and r ate of 7.C 112~2 n: of c8nt 1~ in an t plume s that originate from 
past-practice di sposal s ites ~itnin t he 2CO ~e st and 200 East waste management 
areas. The rat e of ~ove~ent is also influ enced by the chemical reactivity of 
the contamin ant in t he en vi~8~~ent . 

Two ge neral fl c·.-1 ~~re c~': .~: a :e 2:: : -=c :e·: for the maj or contaminant plumes 
originati ng in t he Cen::a'. ?-~:ea~ : :s : ~e southe ast with discharge to 
the river bet '.·1een t he :Ji: :..:::._..~:r ·~ : : .,:- : ~:2 ::.nc :.he 300 Area, and (2) through 
Gable Gap wi th disc harge : J : ~2 _..~ ; ; r ~e:~een th e 1008 and lOOD Reactor areas 
(Figure 4-3). Based on =~ ·::-2:'. ·, · -✓::::,,. : ::.: - e ei evations and known aquifer 
t r ansmiss ivities, mcbil2 c: ~:a~~~a_..:s f:-:~ :~e 200 ~est Area are expected to 

' ~ ..,. - .;. 
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Figure 4-2 Areal Distribution of Radioactive Contaminants in Relation to Current Water Table Contours . 
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Figure 4-3 Groundwater Streamlines for the Central Plateau. 
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take about 100 years to reach t he Gable Gap area, followed by a much shorter 
travel time from Gable Gap to the river. Travel times from the 200 East Area 
are expected to be on the order of 10 to 20 years because of the very high 
aquifer transmissivities downgradient from this waste management area . The 
observed rates of movement of the tritium and carbon tetrachloride (CC1 4 ) 

plumes are consistent with these estimates. As water table gradients decrease 
as a result ·of significantly reduced wastewater discharges, the travel times 
will become longer than the estimates noted above. Flow paths may also be 
altered to some extent, especially as discharges to B Pond subside. 

4.2 CONTAMINANT PLUME DISTRIBUTION 
PATTERNS AND VOLUMES 

The major contaminant plume boundaries in the unconfined aquifer, as 
defined by exceedance of DWSs or equivalent concentrations, are shown in 
Figures 4-1 and 4-2. The direc t ions and distribution patterns reflect the 
interaction of hydrogeologic conditions, disposal chronologies, and 
contaminant chemistry. For descriptive purposes, most of these plumes have 
been grouped into the Central Plateau and 100 Areas reactor sites geographic 
regions. Three contaminants (ni trate, tritium, and iodine-129) are discussed 
as sitewide plumes. 

Several contaminant plumes overlap because of either merging of separate 
plumes from different so urces , or because they were released as co
contaminants. The la ter al extent of plume movement is influenced by the 
chemical re acti vi t y or tende ncy of the cont aminant 'to adhere to aquifer 
sediments, espec i all y fine - grained mat erial. Constituents such as tritium, 
nitrate, and technet ium-99 co not inte ract with aquifer solids and are 
therefore the mo st wide ly d~st r ;cuted . Chl orinated hydrocarbons are only 
slightly adsorbed and ar e tnus 2~J2c:2d to be minimally influenced by aquifer 
solids. Stront i um- 90, ces~ ~:-:: - 137 . a .. d plu to ni um are highly reactive and/or 
form insolubl e soli d ch;ses ~ - ~ ;::~~s~ater , and are thus very limited in areal 
extent. 

4.2.1 100 an d 200 Areas ?~-~e: 

Table 4-1 prov ides es~ i~ a:2s rcr indiv idual contaminant masses and 
volumes within the pl ume bo~r.dlr ie s shewn i n Figures 4-1 and 4-2. The volume 
estimates assume that t he sa~J1 ir.g de pth s of the monitoring wells upon which 
the plume contours are oasea resrese nt the av erage concentration over an 
assumed maximum dep th of 18 ~e~ er s . in some ca ses, significant concentrations 
have been observed to a depth of 30 ~et ers. Dep th distribution is clearly an 
important factor that can si gnificantly impact remediation strategy and the 
likelihood of success . T~e lac~ of defi nition of vertical contaminant 
distribu t ion in the unc:nfir.ea acuife r is a majo r i ss ue that must be resolved. 

The quantit ie s or ~as:2s ~~: cciat ed with aq ui fer solids listed in 
Table 4-1 (columns 5 a~d s· 12 r ~ C] ~ :u l at2d using the pore fluid quantities 
(columns 3 and 4) and ~uJ~ :~~~ Ji~~r~j~tic n coe ff icients for Hanford Site 
soils (Ames and Ser ne 1 'J-:: · ,, _ 1:::cunt associ ated with aquifer solids can be 
much greater t han t he a~s u : :~~: : c: ~rs in pore flu id (e.g., strontium-90, 

4- 11 
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Table 4-1. Contaminant Plume Di mensions and Volumes (2 sheets). 

Quantity Extent of 
contamination 

Project Target On aquifer Pore 
contaminants In pore fluid solids Area fluid 

volume 

(Ci) (g) (Ci) (g) (m2) (mi 2) (L) 

200 West Area 

Uranium 9. lE-2 l.3E+5 0.2 2.4E+5 4.6E+5 l.7E-l 4.6E+8 
200-UP-la 

Technetium-99 2.8 l .6E+2 0 0 7.5E+5 2.SE-1 7.5E+8 

Carbon N/A 5. 3E+6 N/A d l.1E+7 4.2 1.lE+lO tetrachloride -

200-ZP-la Chloroform N/ A l . lE+S N/A d 3.4E+6 1.3 3.4E+9 -

Trichloro- ~l/A 9.8E+3 N/ A d 8.5E+5 3.3E-l 8.5E+8 ethylene -

200 East Area 

B-5 
Plutonium-239 1. OE-1 1. 6 2. 4E+2 4.3E+3 3.1E+2 1. 2E-4 7.8E+5 

Reverse Ces ium- 137 I ~ F-.:1 I q 1c _ ,.. j 2 d[- 1 j ...1 • • _ , J • vl. 0 • • 9.3E-6 3.1E+2 l.2E-4 7.8E+5 
Well a I I 

Stron tium- 90 j :1 F - ? ! ? •:,C _J , 6. 2 I 4.4E-2 6.6E+4 2.SE-2 1. 7E+8 • • • "- ~ I "- • _. - • 

Cyani de I ;i ,: A I 1 ~· . 4 I rl / . .\ I 0 7.8E+4 3.0E-2 2.0E+8 ! ~ . ....,c.- i 

50-53Aa Technetium- 95 I :. J ; =i : - ? I 0 I 0 7.5E+5 2.9E-l 1. 9E+9 I ! - • -- • - I 

' Cobalt- 60 : .7 : - 2 -, -, :- - ::; I 0 ! 0 9.3E+4 3.6E-2 2.3E+8 -., . - - ..... 

. . ~::. ::: .: r ::.r ::: .:i : 

Chromiu;;i I ' 
. - - ' ! ' \ I 0 5.6E+5 2.2E-l 7. 1E+8 lOOK - . - -.. .. . - - - 1 4 / ,""'\ 

Areab Stron t i um-90 - - - - ~ -
j l.SE-2 2.6E+5 l.OE-1 6.5E+8 ! 

.,.. • I - - - .. . - - - - :.: . : 

Chromium 
I 1: .-ic-r5 1 il / .~ I 7.4E+5 2.8E-l 9.3E+8 1000 I :i; . .1. 0 

I ' 

Areab Stront ium- 90 I , , :- ' ; ') ::;: : I , ::~ 1 j 1 3E 3 2.3E+4 8.SE-3 5.5E+7 , 0, ___ v j w • ~--J 
1 

, ,J_- . • -

Chromium i :i / ;, I ~ -- - ~I/,.; I 0 9.1E+5 3. SE-1 1.1 E+9 lOOH .. ,... r ..,.. 

' 
V. v - . :) I 

Areab Strontium-90 1 s. sc:-J I -Lsc:-s I 1 0 I 7. 0E-3 l.4E+5 5.SE-2 3.5E+8 i • .., 

Chromi um 
I I ; I I , , ' I"' ' I / .'J. 0 0 0 0 lOOF I I , . .., I., 

Areab Strontium- 90 12.; : - z . ~-~:- _: ~ ., ! 2. 7E-2 l.3E+5 5.0E-2 3.2E+8 - . -
Chromium :1 I I ' l, )._ I 0 0 0 0 lOON ! 

; ) 

Areab Strontiu :n- 90 I :. ::< . 2. ::-2 - . ::-:- 1 I 5. 0E-1 4.3E+5 l.7E-l 1.1E+9 

' - ~ -- ~ .::. 
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Table 4-1. Contaminant Plume Di mensions and Volumes (2 sheets). 

Quantity Extent of 
contamination 

Project Target On aquifer contaminants Jn pore fluid solids Area 

(Ci) (g) (Ci) (g) (m2) (mi 2) 

100B/C Chromium N/A 0 N/A 0 0 0 
Areab Strontium-90 1. OE-1 6.SE-4 l.4E+l l.OE-1 5.SE+S 2.2E-l 

Sitewide 

Tritium 2.lE+S j 2.2E+l 0 0 1.8E+8 6.9E+l 

Sitewi dee Iodine-129 1. 7E+O l.OE+4 0 0 8.5E+7 3.3E+l 

Nitrate N/A 2.SE+l N/A 0 4.1E+7 1. 6E+l 0 

aAssumes that plumes have an average thickness of 10 m. 
bAssumes that plumes have an average thickness of 5 m. 
cAssumes plume thickness as described in Section 4.2.2.1.2. 
dNo estimates ava ilabl e. 

Pore 
fluid 

volume 

(L) 

0 

1. 4E+9 

8. 9E+ll 

l.7E+l2 

l.4E+ll 

cesium-137, and pl utoniu~ ) . Addi tionally, the total amount associated with 
pore fluid and aq uife. sol~ ds r ?l ati ve ta the tot al released is an important 
factor in assess i~g t~e fate Jf ccn~a~inants di scharged to the soil column. 
For example, t he to t : l ccan: i:; Jf str~n tium- 90, shown in Table 4-1, is less 
than 10% of t he re~s:: 2d a~: ~~: j~sc~a.g ed . This suggests a large fraction is 
still contain ed i:7 ~ ~ 2 ·, :cc:2 : :-,:: . 

4 2 2 S·t "d C . • • 1 ew, e a:-:::~~ :-.1 : ~ : .~ 

Three plumes i:-1 : :1 2 '.:2 :-~.-: · ,- • ::2:J 2;:t 2nd 'Hell beyond existing CERCLA 
OU boundaries. Thes e plu~es ~a·12 c: n: e~tra t i ons that fall both above and 
below accepted groundwat er s::~ciards . Th e waste constituents are tritium, 
iodine-129, and ni trate . T~e ~,~~es have th e following elements in common: 

• Widespread, cc ~ering tens of squa re miles 
• Limited are as of high concentrations. 

4.2.2.1 Triti um. i~'. S ~as t e cc nst it ~ent has been introduced to groundwater 
at a number of lcc at icn s as : res~1: of i rradiated fuel processing. Tritium 
was produced pri~a ri1; :: : ~'.:s'. :n ~r::~ct dur i ng reactor operations. 
Processing records ~:-: ~:a:? =~ : t ~e :~:~ ity of tritium discharged on the 
Hanford Site is a:~ rox~~::2~! : J.:~: Ci jecay corrected to December 31, 
1992). Estimates fort: ":'. ~~ a:2J =~ :r cnd~ater sampling information yields 
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a roughly comparable esti mate of 210,000 Ci . The distribution of tritium on 
the Hanford Site is shown in Fi gure 4- ~. 

Tritium (3H) is an isotope of hydrogen. It replaces or exchanges with 
nonradioactive hydrogen in water molecules and thus becomes part of the water 
molecule. In the environment it is indistinguishable from nontritiated water 
and moves with the same characteristics. The only attenuation mechanism for 
tritium, other than dilution, is radio active decay with a half-life of 
12.3 years. 

4.2.2.1.1 Tritium Discharge to the Columbia River. Data from the 
Pacific Northwest Laboratory environmental reports from 1984 through 1992 have 
been used to estimate the Hanford Site di sc harge of tritium into the Columbia 
River . Before 1984 reported differen ces bet ween upstream and downstream 
measurements were not st atis ti cally signi fican t . Tritium migration into the 
Columbia River ranged from 3,800 to 3,400 Ci/yr during this period. The 
highest value occurred in 1991, wit h a drop to 4,600 Ci/yr in 1992 . The peak 
in 1991 may correspond to the entry of t he higher concentration portions of 
the Hanford townsite plume in t o t he r i ve r. Data indicate the first arrival of 
significant quantitie s of tritium at t he Columbia River near the Hanford 
townsite in either 1975 or 1976. 

4.2.2.1.2 Tritium Plume Vol ume. An approximation to the quantity of 
tritium in Hanford Si t e gr oundwater , based on limited data concerning the deep 
occurrences of tri t i um, ass umes t hat t he tr i tium plume concentration in the 
Central Plateau extends t o dept~s of cO meter s (197 feet) in the 200 West Area 
and 20 meter s (66 f ee t) in t he 20J ~: st Area, an d to de pths of 20 meters 
(66 feet) i n t he 600 Arsa, e:s: and scu:~ east of t he 200 East Area, and in the 
Gable Gap. Thi s ap proxi~ati cn y~ 2~~s a t ot al tr i t ium groundwater inventory of 
210 , 000 Ci. Thi s valu e i s c~'Jr: :: '.~.a :21y 5:~ l ess than the estimated quantity 
discharged; ho~ever, wh en ad~2 d :J t~e 15.J00 Ci (decay corrected) estimated 
for river di scharge, t here L; :: .7 ".-.:: '.c:i: i an t . at t here is a discrepancy of 
approximate l y 15;~ . T~e 2s: ~::: :c. --:. 2 "s ' ; . 2:;~o naJl e agr eement with the discharge 
estimates , pa r tic ul ar ~:; ir: : : .--: _; ;::::, --:. ·· : .--: J~ t :-12 unc~rt ai nt i es in both the 
quantity of t rit i~~ prc : ~:2: :; ~ · ; ~:: : ;::es of th e deep dist ri but i on of 
tritium. 

4.2.2.2 Iodine-12 3. l: c:::--:-= - ~~: ~:: : ; ·:~~.:·:-1a T.er contamin an t concern because 
o f it s re l at i v e l y l on g il a i f - : '. { = , : 5 -:-: < i ; J n ye a r s ) and l m-1 reg u l at o r y 
standard (DWS = 1 pC i / L) . T~r ::e ex:~ ~3j v2 plumes of iodine-129 contamination 
originated from Ce nt r al Pla te au 1,~~i j j ast 2 di sposal f acilities that received 
process wastewat er (Figure 4- ~'. . 

4.2.2.2.l Iodi ne- 129 ?l'..:::: e .1i ; :~1 : io:1 . IJd i ne-1 29 occurs in wastewater 
and groundwater as mob ile ani onic s: ec i es ( I - or ro·) and travels at the same 
velocity as gro undwa t er . I ~3 dis:ri ~u: ion and cente rs of highest 
concentrati on ro ughl y coin ci :2 -~i : ~ ~~ 2 --:.ri --:. ium contami nant plumes that 
underlie t he Cen tral P12~e: ~. - -::~ ~ ·: ~c ;n alytical dat a indicating that 
iodine-129 in concen::"'a-': ~ ~s ~:: :::::::.:· ·-: : .~:: S'.iS nave entered the Columbia 
River. The edge of t ~ 2 ~ w~ 2 ~=:~:~:- : : : 2 2.5 t o 3 ki lometers (km) (1.6 to 
1.9 miles) fr om the C8 7'..::7. '. ::i ~' ; =:: -- : >~ 1'. -: ~nity of t he Hanford townsite. 

1 1 l 
- - .i. -
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Figure 4-4 Hanford Site Showing Areal Extent of Major Tritium Plumes 
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Figure 4-5 Hanford Site Showing Areal Distribution of 129 Iodine Plumes 
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4.2.2.2.2 Iodine-129 Plume Vol~me. Iodi ne-129 contamination is present 
in the unconfined aquifer, over 84.5 x 106 m2 (33 mi 2

) of the central portion 
of the Hanford Site. Because iodi ne-129 is a co-contaminant with tritium in 
the Central Plateau and has the same mobility as tritium, its distribution at 
depth in the aquifer should be similar . Iodine-129 may be present to depths 
of 60 meters (197 feet) beneath the 200 West ·Area and 20 meters (66 feet) 
beneath the 200 East Area and the 600 Area east and southeast of the Central 
Plateau. A total volume of 1.7 x 109 m3 (4.5 x 1011 gal) of groundwater is 
estimated to be contaminated with iodine-129 in excess of the DWS. 

4.2.2.3 Nitrate. Nitrate contamination is present in all operational areas , 
as well as in significant portions of the 600 Area. Nitric acid was used in 
numerous site processes re l at ed t o de con t am i na t ion and fuel reprocessing 
activities. Acid waste sol utions are t he pri mary contributor to nitrate 
plumes currently obs er ved i n groundwate r. The distribution of nitrate is 
shown in Figure 4-6. 

Nitrate is an extremely mobile anion th at moves at the same velocity as 
the groundwater. The an i on i s not ret arded by sorption. The only attenuation 
mechanisms for nitrate are denitrifi cation or biological assimilation are 
thought to be of mini ma l i mpo r tance in Hanford Site aquifers. 

4.2.2.3.1 Nitrate Discharge to t he Columbia River. Nitrate is currently 
being discharged at conc entrat ions exceed ing the DWS to at least four 
stretches of shoreline along the 100 Areas of the Columbia River . 
A signific an t stre t ch of sh oreline adjacent t o the Hanford townsite is the 
locus of ni trate disc harge f rc~ 2C O Eas: Area sources at concentrations 
sligh t ly be l ow the C~S .. t appears : ha : t~e arriv al of t he nitrate pl ume at 
the Hanford townsite was cJi ncident3l ~ith the t r i tium plume . Both tritium 
and nit rate shew marked inc r e1~2~ ~n :,el1 699-40- 1 beginni ng in 1975 to 1976. 
Nit ra t e concentra · ions exceecec :~e C~Ss beginning in 1984 and remained 
el evated for 2.5 to 3 ye3rs. ::~ce~::3:icns in the well have remained 
sl i ghtly bel ow the C¼S fr:~ :;2 5 : J :~e Jresent . 

4.2.2.3.2 Ni::a:2 ?i _~e i : :_~~- : ·:e ~e: area of nitrat e cont amination 
that exceeds t he 01.iS f er : ,"'.e -: :.'.·· : ,··.: : '. :2 as a '8nol e is 40 . 7 x 106 m2 

(15.7 mi 2
). As nit ra:e a::::::s : .: ·.: , :: -:--y1ec as a co- contami nant with 

tr i t i um , i t seems rea sc~:~~e :::: a : ·~1~ ar depth distribu tion prof t le is 
probable for plume s e~ana:1 ~; f:: ~ : ~2 :2n::al Plateau as described in the 
tr i tium pl ume vo lume dis c~ss1: n (S ec: icn ~.2 .2. 1. 2) . With the assumption that 
nitrate contamin ation ex~ends tJ ~eo:hs of 60 me t ers (197 feet) in the 
200 West Area, t o depths of 2J ~eters (~S feet) in th e 200 East Area and in 
the 600 Area east and scu:heas: cf :ne 2:0 Eas: Are a and i n Gable Gap, and to 
10 meters (33 feet ) elsewhere on t e si t e, tne total volume of nitrate
contaminated gr oundwater beneatn t e Hanford Site is est imated to be 
1 . 4 X 108 m3 

( 3 . 7 X l O '. u g :'l 7 ) . 
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Figure 4-6 Hanford Site Showing Areal Distribution of Nitrate Plumes 
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5. 0 SITPflDE G~OlJ~I0'.1.-HEx RE:•lEDIATION STRATEGY 

The goal of groundwater remediation is to restore groundwater to its 
intended beneficial uses in terms of protecting human health and the 
environment. This strategy provides a common, sitewide perspective to guide 
the development of remediation activities for individual OUs. Guiding 
principles for a comprehensive groundwater remediation approach are summarized 
below. These principles are developed within the context of existing 
groundwater conditions, the institutional and regulatory framework for 
remediation, and stakeholder values described in previous sections of the 
document. Details of specific st rategy elements are addressed in the 
following sections. 

5 .1 GUIDANCE 

This strategy is a geographic and plume-specific approach to groundwater 
remediation. It is ori ented to reflect public and tribal values and 
priorities. Key el ements of this strategy are: 

• Place a high priority on actions that protect the Columbia River and 
near-shore environme nt from degradation caused by the inflow of 
contaminat ed groundwater 

• Red uce t ~e contamina t ~o n ent 2ring the groundwater from existing 
sources 

• Control t he mi gr a:1 0~ of pl u~es t hat threaten or continue to further 
degrade gro· :-ic ·.-1,:t :: r c1-::~ i t _, beyond the boundaries of the Central 
Plat eau . 

Groundwater re~edi 3~'= ~ 
These initi al effort s ·, '. ~> 

. .. ..:. J:= a~~ =a dy underway on the Hanford Site . 

• Maintain a t ~c:; : : ·1: 1-- ... ~ 1 2 1 . .J r=::ie Jiation activities by employing the 
HPPS (Tho~psc n -~?: ) :J cc: :: : er at e int erim RAs 

• Con tinue i~ple~e n: E~~c. of uc: 2le rated groundwate r remediation 
projects to ccn:r'.J; □ ~ ~ ~e ex~ an s ion, reduce contaminant mass, and 
better ch aracte r iz2 a~u ifer response to RAs 

• Identify an d cc:1 : t '.J l sc !..: · ces of contaminants in the vadose zone that 
impede effor:~ : 2 -2~ea iJ :e s roun~~ater . 
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Succeeding phases of RAs are oriented toward implementing the final ROD, 
which in turn will satisfy broader cleanup objectives, for example: 

• Achieve ARARs with respect to the value of current and potential 
future beneficial uses for the groundwater resource 

• Develop alternative containment and remediation strategies if 
currently available groundwater restoration technologies prove 
inadequate or impracticable 

• Restore groundwater adjacent to the Columbia River for unrestricted 
beneficial use 

• Prevent further degradation of groundwater quality beyond the 
boundaries of the Central Plateau, and ultimately restore 
unrestricted beneficial use of groundwater beyond that boundary . 

5.1.3 Resource Optimization 

An important element in the groundwater remediation strategy is 
optimizing the use of available resources . Key considerations are to: 

• Balance the sequencing and scale of RAs to achieve efficient use of 
technical and monetary resources 

• Incorporate existing and/or proposed treatment and disposal 
infrastructure 

• Implement currently available technology and foster demonstrations 
of developing technology, where appropriate, for meeting remediation 
objectives 

• Improve the integration of the existing groundwater monitoring 
networks and sampling schedules, to better characterize the 
contamination problem and to measure the effectiveness of 
remediation efforts. 

5.1.4 Stewardship 

The stewardship responsibility for remediating and protecting groundwater 
resources beneath the Hanford Site will be met by: 

• Maintaining consistency with the Hanford Site GPMP 

• Coordinating RAs, whenever feasible, at CERCLA OUs with adjacent 
OUs, with RCRA facilities undergoing closure, and with state
permitted waste discharge facilities 
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• Coordinating RAs that require disposal of treated groundwater with 
ongoing waste management and liquid effluent programs. 

5.2 GEOGRAPHIC AND PLUME-SPECIFIC APPROACH 

Previous studies of Hanford Site groundwater have screened and "targeted" 
the major groundwater contamination plumes by geographic area. Contaminant 
species that are widespread and/or present serious environmental concerns are 
addressed below. By implementing Section 5.1 and stakeholder values (see 
Chapter 3.0}, a cleanup approach of containment and mass reduction is assigned 
to the major contaminant plumes identified in the Central Plateau. Similarly, 
contaminant plumes found in the reactor areas are assigned a cleanup approach 
of remediation. Table 5-1 lists the major contaminant plumes and their 
cleanup approach. 

Table 5-1. Major Contaminant Plumes and Cleanup Approach. 

Plume Facility 

Uranium and U03 Plant 
technetium-99 

Organic (carbon PFP 
tetrachloride, 
trichloroethylene, 
and chromium 
chloride} 

Combined B Plant 
plutonium, (8-5 reverse 
cesium-137, and well} 
strontium-90 

Technetium-99 and BY Cribs 
cobalt-60 

Strontium-90 N Reactor 

Chromium D Reactor 
H Reactor 
K Reactor 

PFP = Plutonium Finishing Plant. 
U03 = Uranium Trioxide (Plant}. 

Location Cleanup approach 

Central Plateau Containment and 
(200 West Area} mass reduction 

Central Plateau Containment and 
(200 West Area} mass reduction 

Central Plateau Technology 
(200 East Area} development 

Central Plateau Containment and 
(200 East Area} mass reduction 

Reactor areas Remediation 
(lOON} 

Reactor areas Remediation 
(1000, lOOH, and 
lOOK} 

The cleanup approaches reflect the public values of protecting the river, 
controlling the spread of contamination, and eliminating re-contamination of 
cleaned areas of groundwater. The assigned approach is intended to guide the 
initial approach to cleanup and is not intended to limit additional cleanup, 
should it prove feasible . 
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Contamination associated with past discharges to the 8-5 reverse well has 
an approaih called "technology development." Remediation of this 
contamination currently requires technology development activities and may not 
be completely amenable to pump and treat methods. As described in later 
sections, this contamination is virtually immobile within the aquifer. The 
groundwater remediation strategy designates the 8-5 reverse well-combined 
plumes to serve as a testing center for the purpose of technology development, 
leading to the reduction of the contaminant mass or its further stabilization 
within the aquifer. 

The groundwater remediation strategy also selects one plume in the 
reactor areas and the Central Plateau as having higher priority over others in 
their respective areas. The strontium-90 plume, located at N Reactor, is 
selected in the reactor areas and the CC1 4 plume is selected in the Central 
Plateau. Both contaminants are found at levels well over state DWSs. 
Strontium-90 is discharging directly to the Columbia River and is the highest 
source of waterborne radioactivity accessible to the public. Carbon 
tetrachloride is a suspected carcinogen and is the largest of the targeted 
plumes; it has the potential to contaminate still larger areas. 

For each area and plume, an overview of hydrochemical conditions is 
provided, followed by a brief description of an approach to cleanup. · Major 
data and information gaps are identified along with areas where technology 
development would potentially accelerate groundwater cleanup. 

Three widespread contaminant plumes and their remediation potential are 
also discussed. These plumes are: radioactive iodine-129, tritium, and 
nitrate. Each covers large areas, is often found above groundwater standards, 
and poses significant challenges to remediation. These plumes have not been 
"targeted" for immediate action. 

Contaminants such as fluoride and arsenic that are detected as small, 
localized plumes or "hot spots" are best addressed on the more detailed level 
of the OU. Section 5.11 discusses important issues surrounding the disposal 
of treated and partially treated groundwater. 

5.3 CENTRAL PLATEAU--200 WEST AREA--URANIUM 
AND TECHNETIUM-99 CONTAMINATION 

5.3.1 Hydrochemical Conceptualization 

Uranium and technetium-99 plumes associated with the 216-U-l/2 Cribs are 
expected to continue moving eastward from the 200 West Area and to eventually 
turn northward through Gable Gap. The rate of contaminant movement will 
decrease as the water table declines in the 200 West Area and the hydraulic 
gradient is subsequently reduced. Remediation is complicated by the textural 
variability and permeability of the geologic formation containing the plume, 
by the interaction of dissolved uranium with aquifer sediments, and the 
presence of co-contaminants. 
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Remediation of the uranium and technetium-99 plumes requires a 
combination of source identification and possible control, plume containment, 
and treatability testing. Although the transport of contamination can be 
substantially reduced by hydraulic controls, the final level of cleanup is 
likely to be above current ARARs using existing technologies. Technetium-99 
is expected to be more amenable to pump and treat than uranium. 

A multiple-phase approach is recommended that addresses data needed for 
design, containment, and/or remediation. Phase I should include: 

• Determining the vertical extent of contamination 

• Identifying continuing sources of contamination that would affect 
the permanence of cleanup efforts 

• Treatability testing to evaluate alternatives for removing and 
treating groundwater 

• Conducting studies to better define the direction of movement. 

Based on the results of Phase I, Phase II would implement the selected 
alternative. Containing the spread of the contamination is the initial goal 
while information is collected and analyzed before the implementation of a 
larger remediation system. Existing site treatment infrastructure (e.g., the 
200 Areas ETF) will be considered during the selection of treatment 
alternatives. 

5.3.3 . Technology Development 

Technology development directed at restricting the movement of uranium in 
the unsaturated and saturated zones is of particular interest. These would 
include improved grouts and other flow-restricting additives, chemical agents 
directed at altering the mobility of the contaminants, and improved 
application methods. Improved and cost-effective physical-chemical 
groundwater treatment technologies for uranium and technetium-99 are also 
needed. 

5.4 CENTRAL PLATEAU--200 WEST AREA-
ORGANIC CONTAMINATION 

5.4.1 Hydrochemical Conceptualization 

A CC1 4 plume in the 200 West Area is moving eastward from the vicinity 
of cribs associated with the Plutonium Finishing Plant. The rate of plume 
migration will diminish as a result of declining hydraulic gradient in the 
200 West Area; however, movement to the east and eventually northward through 
Gable Gap will likely continue. 
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The fate of approximately two-thirds of the CCl is unknown (Last and 
Rohay 1993). If present in sufficient quantities, CC1 4 can sink vertically 
and maintain a separate liquid phase within the vadose zone or within the 
aquifer. The separate liquid phase can act as a continuing source of 
groundwater contamination. 

5.4.2 Remediation Approach 

A phased approach is needed to address the major data gaps while actively 
preparing for containment and mass reduction of the more contaminated and the 
known source areas. Phase I concentrates on defining the existence of and the 
ability to remediate the potential source areas and pilot-scale treatability 
tests. Examination of the extent of contamination in the upper confined 
aquifer in selected locations is also recommended along with remediation of 
unsealed wells in the area. Based on the results of Phase I, implementation 
of a pump and treat system will be considered for the purpose of containment 
and mass reduction in the unconfined and upper confined aquifer. 

5.4.3 Technology Development 

Concurrent with the Phases I and II efforts, additional research is 
needed on improved treatment systems, containment of large plumes, in situ 
treatment, and immobilization methods (e.g., bio-remediation, reduction by 
metallic iron, enhanced natural degradation). 

5.5 CENTRAL PLATEAU--200 EAST AREA--TECHNETIUM-99, 
COBALT-60, CYANIDE, AND NITRATE CONTAMINATION 

5.5.1 Hydrochemical Conceptualization 

Estimated quantities of the primary contaminants in the liquid effluent 
disposed to the BY Cribs include 0.45 Ci of cobalt-60, 18,900 kg (41,670 lb) 
of ferrocyanide, 5,700,000 kg (12,600,000 lb) of nitrate, and an unknown 
quantity of technetium-99 (OOE-RL 1993a, 1993b). These liquid effluents were 
dense brines and may have sunk into the aquifer, providing a source of 
continuing contamination (Kasza 1993). Plumes of technetium-99, cobalt-60, 
cyanide, and nitrate occur north of the 200 East Area and are believed to be 
associated with the BY Cribs. The plumes are -moving northward through Gable 
Gap and the highest concentrations occur in the vicinity of well 699-50-53A. 
Technetium-99 and cobalt-60 are the primary contaminants of concern at this 
location. 
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A phased approach consisting of the following major elements will be 
implemented: 

• Treatability testing using a pilot treatment system to remove 
technetium-99 and cobalt-60 from groundwater 

• Areal and vertical definition of the plume 

• Confirmation of the source of contamination and what potential 
control measures may be needed, if any 

• Implementation of hydraulic controls to contain the plume, reduce 
the mass of contaminants, and slow its spread. 

The key elements of the first phase include treatability testing and the 
collection of improved geohydrologic information. Based on the results of 
Phase I, source control and containment of the plumes would be conducted in 
subsequent phases. 

5.5.3 Technology Development 

Existing pump and treat technology appears to be adequate to successfully 
remediate the BY Cribs plume. However, improvements in the ability to 
remotely determine the elevation of the bottom of the aquifer by geophysical 
means could prove beneficial for locating any remnants of the dense 
contaminant mass and for defining any preferential groundwater flow paths. 

5.6 CENTRAL PLATEAU--200 EAST AREA--PLUT0NIUM, 
STR0NTIUM-90, AND CESIUM-137 

5.6.1 Hydrochemical Conceptualization 

Significant quantities of plutonium, strontium-90, and cesium-137 are 
present in the vadose zone and aquifer material around the 216-B-5 reverse 
well (injection well) in the 200 East Area (Brown and Rupert 1950; 
Smith 1980). Because of high sorption coefficients and inclusion in 
relatively insoluble solid phases, the contaminants do not represent a threat 
to groundwater outside of the 200 East Area. However, because of their high 
concentrations and long half-lives, the radionuclides, particularly plutonium, 
represent the potential for long-term contamination of groundwater within the 
200 East Area. 

5.6.2 Remediation Approach 

Geochemical considerations make implementation of a pump and treat system 
at this location appear to have little chance to succeed. It is recommended 
that currently planned treatability testing be directed at determining the 
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geochemical nature of the dissolved and particulate fraction and in examining 
the time-dependent response of the contamination in the aquifer to 
treatability testing. 

The groundwater remediation strategy establishes the area contaminated 
with the relatively immobile plutonium, strontium-90, and cesium-137 as a 
technology development test site for the purpose of permanently controlling 
contamination. 

5.6.3 Technology Development 

Potential technology development opportunities include the following 
information needed to remediate contamination found at the 216-8-5 reverse 
well: (1) determination of what geochemical phases are controlling 
distribution and transport of plutonium and strontium-90, (2) bench-scale 
tests with samples of contaminated sediments, (3) development of methods for 
physical removal of the contaminated sediments, and (4) development of barrier 
technology to contain the contamination. 

5.7 REACTOR AREAS (100 AREAS) 

5.7.1 Hydrochemical Conceptualization 

Groundwater contaminants in the 100 Areas are important because of their 
proximity to the Columbia River. Groundwater flow is generally northward into 
the river. Principal contaminants forming plumes in the 100 Areas are 
strontium-90, tritium, nitrate, and chromium. The most significant of these 
are strontium-90, particularly in the lOON Area, and chromium, which is toxic 
to aquatic organisms. 

5.7.2 Remediation Approach 

The contaminants considered in the following discussion are limited to 
those having significant areal extent and are found at levels well above OWSs, 
i.e., problem areas where major efforts will be extended for remediation and 
that should be viewed in a sitewide context. Contaminants meeting the above 
general criteria for the 100 Areas include the radionuclide strontium-90, 
found in the lOON Area; and the chemical contaminant chromium, found in the 
100D, lOOH, and lOOK Areas, respectively (Hartman and Peterson 1992). 
Strontium-90 is found at levels over 100 times the DWS of 8 pCi/L; chromium is 
found at levels tens of times over the freshwater fish chronic toxicity 
criteria of 11 ppb. Both plume types are found in groundwater discharging to 
the Columbia River (Peterson and Johnson 1992). Strontium-90, in sufficient 
concentrations, represents a potential human health hazard, and chromium is of 
concern due to its aquatic toxicity. 

Recent commitments made under the Tri-Party Agreement for N-Springs 
(Milestone M-16-01) include the construction of a barrier to flow of 
approximately 3,800 feet in length between the source of contamination and the 
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river. Additionally, a small-scale treatability test will be conducted to 
evaluate the ability of a pump and treat system to remove dissolved 
strontium-90 from the groundwater. The purpose of the barrier is to reduce 
the flux of dissolved strontium-90 to the river by increasing the travel time 
of the strontium to allow radioactive decay to mitigate the problem. More 
aggressive measures, such as chemical fixation or mobilization, are possible. 
However, it is recommended that aggressive approaches be phased and await the 
results of the initial remediation efforts and decisions on remediation of the 
contamination held in the soil column below the source (i.e., the 1301-N Crib) 
of the strontium-90 groundwater plume. 

The commitments made under the Tri-Party Agreement for D and H Reactor 
areas (HR-3 OU) include the testing of an approximately 189-L/min (SO-gal/min) 
pump and treat system to remove chromium. This treatability testing is being 
conducted in the 1000 Area near a known source of chromium. Should 
groundwater remediation of chromium be needed, hydraulic containment with pump 
and treat systems and/or barriers to flow offers potential remediation 
alternatives. The high mobility of chromium and its ability to be selectively 
removed from groundwater make its remediation potentially possible using a 
pump and treat system. Better definition of the extent of the contamination 
at the D Reactor and of potential sources of continuing contamination is 
needed. 

For each of the three chromium plumes located in the 1000, 100H, and 
lOOK Reactor areas, the remediation strategy establishes the goal of 
remediation for the aquifer. The proposed cleanup approach is either pump and 
treat alone or in combination with cutoff wells. Sources of continuing 
contamination must be identified and remediated in each area. 

Certain activities will be needed in each area. These activities include 
a detailed description of aquifer hydraulic properties and flow paths in the 
vicinity of the plume or waste site, treatability testing of contaminant 
removal systems, and constructability testing of barriers. Additional wells 
will be drilled for extracting contaminated water and re-injecting treated 
water. Numerical modeling of groundwater flow should be conducted to help the 
design of pump and treat systems and flow barriers. 

For most of the 100 Areas, it is recommended to continue characterization 
of groundwater contamination under the HPPS. This includes monitoring during 
remediation of surface sources, e.g., cribs, underground tanks, and burial 
grounds. The need for groundwater remediation at the OU level should be 
re-evaluated if undesirable changes occurred during source remedial 
activities, or if previously undetected contaminant problems are revealed by 
continued characterization efforts. 

5.7.3 Technology Development 

The following processes offer areas where technology improvements can 
greatly accelerate the cleanup of groundwater: geochemical fixation of 
chromium in source areas, passive removal technologies (such as funnel and 
gate), improved barrier construction technologies, improved leaching/fixative 
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methods for strontium removal/fixation, and improved physical-chemical 
treatment. 

5.8 300 AREA 

The CERCLA 300-FF-5 groundwater OU in the 300 Area has completed the 
Phase I RI and Phases I and II FSs. A combined Phase II RI/Phase III FS 
report is currently being prepared for submittal to the regulatory agencies in 
January 1995. A ROD for the OU is expected by late summer 1995. 

Based on the findings of. the RI and the remedial alternatives that will 
be undergoing a detailed analysis during 1994 as part of the Phase III FS, it 
is anticipated that active remediation could be either selective hydraulic 
containment or selective slurry wall containment with minimal extraction. 
However, based on the current contaminant levels identified in groundwater, it 
is probable that only institutional controls with no active remediation will 
be required. 

5.9 1100 AREA 

The 1100 Area is located north of the city of Richland in the 
southernmost portion of the Hanford Site. Investigations leading to a ROD 
indicated that no significant contamination of the aquifer currently exists. 
Groundwater plumes of trichloroethylene and nitrate plumes, located in the 
vicinity of the Horn Rapids Landfill, have had groundwater concentrations 
above standards. 

The ROD requires continued institutional controls and monitoring of the 
groundwater to ensure that contaminant levels decrease as predicted. If 
monitoring does not confirm the predicted decrease of contaminant levels, the 
need for more intrusive remediation will be considered by the 
Tri-Party Agreement agencies. 

5.10 OTHER CONTAMINATION--TRITIUM, 
IODINE-129, AND NITRATE 

Three waste constituent plumes are characterized as sitewide 
contamination issues: tritium, iodine-129, and nitrate (Section 4.2.2). 
Currently no active remediation of these plumes is proposed. The basis for 
not proposing active remediation is discussed below. 

The total volume of groundwater containin~ greater than 20,000 pCi/L of 
tritium is approximately 8.9 x 10 11 L (2.4 x 10 1 gal), spread over 
approximately 180 km2 (69 mi 2

). The mass of tritium contained in that volume 
is relatively small, amounting to approximately 22 grams (0.78 ounces). 
Separation of tritium from groundwater is not practical with current 
technology. Remediation possibilities are limited to increasing the residence 
time of tritium to allow for decay and/or intercepting tritium near the area 
of discharge to the river (or other intermediate location). It is recommended 
that additional evaluation of alternatives be conducted. 
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The volume and areal extent of water contaminated with iodine-129 places 
severe constraints on the ability of current technology to effectively 
remediate this groundwater problem. Current calculations indicate that a 
treatment system would have to operate continuously for 3,000 years at 
3,785 L/min (1,000 gal/min) to effect a 90% reduction in observed 
concentrations. Iodine removal will be limited due to competing ion effects 
from anions in groundwater. The development and testing of innovative iodine 
removal technology is recommended. 

Nitrate occurs as a co-contaminant that is marginally over standards with 
nearly every other plume of concern on the Hanford Site. The only areas in 
which this is not the case is the relatively large plume found in the 
lOOF Area. The strategy recommends that alternatives for nitrate remediation 
be combined into the analysis of remediation alternatives for tritium 
previously discussed. 

In summary, each of these large plumes needs to be examined in detail 
before an approach can be specified. However, individual segments of each 
plume offer some opportunity for aggressive action. It is recommended that 
the decision to remediate portions of these plumes be based on the following 
two criteria, in addition to regulatory and legal requirements: 

(1) The contaminant can be shown to (a) pose a demonstratable real or 
potential adverse impact to Columbia River water quality or the 
ecosystem, or (b) compromise a current or potential beneficial use 
of the river 

(2) The remediation effort, if conducted immediately, should reduce or 
eliminate the spread of contamination to uncontaminated parts of the 
groundwater system. 

Finally, opportunities should not be overlooked for cotreatment bf 
sitewide contaminants as part of systems that address the priority contaminant 
plumes. Treatment for the sitewide contaminants may be technically and 
economically "added on" to other systems, without significantly altering the 
ability of the original system to meet its intended purposes. 

5.11 TREATMENT AND DISPOSAL OF TREATED GROUNDWATER 

Aboveground treatment of contaminated groundwater must dispose of the 
treated water. Three alternatives exist: (1) re-introduction to the ground, 
(2) discharge to a stream or river, or (3) evaporation. Evaporation is 
discounted because of the projected high volumes of water coupled with the 
expected high energy use and its costs. Ideally, all contaminants can be 
reduced to levels below regulatory concern. However, in many cases, effective 
treatment is only feasible for the primary contaminants. The treatment of the 
remaining co-contaminants is often not possible or would significantly affect 
the feasibility of conducting the remediation. 

It is recommended that treatment of groundwater have the objective of 
reducing both targeted and co-contaminants to levels below regulatory concern . 
However, should complete removal be judged unnecessary or prove infeasible, 
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the following criteria are recommended to determine a disposal location. The 
selected location should: 

• Not spread contamination into uncontaminated areas or impede the 
current and future cleanup effort 

• Facilitate the containment and removal of contaminants, if possible 

• Make use of existing liquid treatment and disposal facilities ~ as 
feasible 

• Facilitate secondary usage of the treated effluent. 

Establishing the location for the disposal of partially treated groundwater is 
key to the implementation of effective, large-scale containment and 
remediation systems and should be the focus of attention in the near future. 

There are opportunities to optimize resources for treatment and disposal 
of effluents generated by CERCLA groundwater remediation activities and liquid 
effluent projects. The 200 Areas ETF and the TEDF are operational 
infrastructures that will be considered for future effluent treatment and/or 
disposal needs (Figure 5-1). The 200 Areas ETF is a 568-l/min (150-gal/min) 
mixed waste (low-level radioactive and RCRA waste) treatment facility and will 
be available to treat other Hanford Site dilute aqueous waste in support of 
the Hanford Site environmental restoration mission. To enhance the potential 
for the future treatment of groundwater or other restoration activity waste, a 
second pipeline was installed along with the 200 Areas TEDF pipeline from the 
200 West Area to the 200 East Area. This pipeline could be connected to the 
200 Areas ETF for transportation of the effluents across the Central Plateau 
for treatment. Engineering and geohydrologic studies are necessary to 
evaluate these opportunities. 

5.12 IMPLEMENTATION OF A GROUNDWATER 
REMEDIATION STRATEGY 

The groundwater remediation strategy provides direction for cleanup. It 
purposefully builds on past achievements, commitments, programs, and plans. 
The strategy direction can be phased in at the OU level at a pace consistent 
with facilitating remediation, while minimizing disruption of scheduled 
activities. 

The value of this strategy to the implementing program is that it 
provides an opportunity to assess past achievements and efforts, while 
refining and proposing a new course of action. To the organizations outside 
the implementing program, the strategy presents a summary of the remediation 
program and its direction and thus allows for improved coordination. 
A management-level coordinating group should be designated to facilitate the 
interaction between the remediation program and other program elements 
involved with liquid and solid waste disposal. 
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As remediation proceeds, reporting the effectiveness of the groundwater 
remediation effort, changes in approach, and understanding of successes and 
failures becomes increasingly important. The following three recommendations 
are made: (1) nonregulatory, interim goals be established to allow evaluation 
of progress, (2) preparation of an annual report summarizing and evaluating 
program progress, and (3) that prioritization of remediation efforts be 
coordinated by a group consisting of internal and external organizations and 
stakeholders impacting and being impacted by liquid effluent management and 
cleanup activities at the Hanford Site. 
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