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EXECUTIVE SUMMARY 

This focused feasibility study (FFS) report presents the detailed analysis of 

alternatives for interim remedial measures (IRM) for the 100-HR-3 Operable Unit. The 100-

HR-3 Operable Unit is one of seven operable associated with the 100-D/DR and 100-H Areas 

of the Hanford Site. Three of the 100-D/DR operable units (100-DR-1, DR-2, and DR-3), 

two of the 100-H operable units (100-HR-1 and HR-2), and the 100-IU-4 Operable Unit are 

source units. The 100-HR-3 Groundwater Operable Unit includes the groundwater beneath 

the source operable units and the adjacent groundwater, surface water, fluvial sediments, and 

aquatic biota impacted by the overlying source operable unit. The 100-HR-3 Operable Unit 

also includes that portion of the 600 Area that lies between the 100-D/DR and 100-H 

Reactors. 

The key assumptions that form the basis for the FFS are as follows: 

• 

• 

• 

• 

• 
• 

• 

• 

The purpose of the IRM is to address an identified threat to human health or 

the environment. 

The objectives of the IRM are to protect ecological receptors in the Columbia 

River and to abate offsite migration of contaminant'i . 

Te meet the eejeetives, the e:ltem&tiYes &fC e:imed e:t eeftte:HHHeBt 8:ftEi eefttrel 

ef ee&tamifteftt pl-times. (The e:ltematives afe Bet desig&ed fef mass feclaetieB 

er e:~ifer ele&BHfJ.) 

To meet the objectives, remediation alternatives are targeted at plume 

containment and control, and removal of contaminants from the aquifer. 

The eee8:5ieB8:-l 1:1-se seeB8:fie is e:sS\fflled fer the ef)emhle 1:1-Bit . 

Fef puff)eses of eost estimates, the FFS uses a finite lifeeyele fef the IRM te 

the yee:r 2008. At this time it is e:ssumed th&t e:sy f1B8:I e:etieB will he 
implemeBted, he it e: eoBtifflle:tieB ef the IRM ef e: redifCetieB ef the e:etieB. 

Cost estimates used for alternatives comparison are based on a finite lifecycle 

for the IRM of 12 years. An additional estimate for a 5-year operation of a 

pump and treat system using ion exchange technology is presented also, to be 

consistent with CERCLA National Contingency Plan methods. 

The JOO Area Feasibility Study Phases 1 & 2 (DOE-RL 1994a) forms the basis 

for the alternatives evaluated in the FFS. Additional alternatives or deviations 

from the alternatives are only considered when the defined alternative does not 

meet the operable unit specifics. The Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) does, however, allow the 

flexibility of specifying different process options at any point in the remedial 

investigation/feasibility study process if warranted by site circumstances. 
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Disposal to the Environment Restoration Disposal Facility is assumed for all 

solid wastes generated. This includes the assumption that sufficient space is 

available and that the facility will be operating on a schedule consistent with 

the IRM. 

Based on the qualitative risk assessment performed for the operable unit, analyses 

UBeef based on the occasional-use scenario resulted in the identification of tritium in the 

100-D/DR Area, technetium-99 in the 100-H Area, and arsenic in the 600 Area as human 

health contaminants of potential concern (COPC); however, it should be noted that all these 

COPC had incremental cancer risks in the low or very low range ( < lE-4). Therefore, none 

of these COPC represent an unacceptable human health risk under this exposure scenario. 

Based on a frequent-use scenario, the qualitative risk assessment indicated that several 

additional radionuclides and inorganic constituents would be considered as contaminants of 

potential concern for human health risk. Contaminants associated with human health risks 

will be addressed in other IRMs or final remediation activities. 

Ecological scenarios were evaluated using biological receptors which live in or near 

the Columbia River. The ecological risk assessment identified potential risks from 

bis(2-ethylhexyl) phthalate, chromium, and sulfide in the 100-D/DR Area based on 

exceedances of Ambient Water Quality Criteria. In the 100-H Area, chromium, iron, and 

sulfide were identified. These exceedances were based on the maximum concentrations 

detected in the near river wells. Ne al10•i1;aBee was made fur envireBmemal faf:e. These 

eeBStitl:lems were ft0t idefttified iB the ri•;er; the e0ecefttrati0HS are sigflificafttly reduced ey 

the ffl:H(ing &:Bd dilutiee action of the ri,;er. Ne ecelogieal assessmeftt was cenducted fer the 

600 Area eecaase the groUBd1w1ater is net impacting the ri,;er. Based oa Following an 

additional analysis of limited field investigation data, chromium is identified as the 

contaminant of concern (COC) for the ecological receptors in the operable unit. In the 

context of the FFS, COC are those constituents that must be addressed by remedial actions. 

The FFS process includes an evaluation of remedial action objectives (RAO). The 

RAO are medium-specific or operable unit-specific objectives for protecting human health 

and the environment. The RAO are based on the land-use, COC, applicable or relevant and 

appropriate requirements (ARAR), and exposure pathways and include specific remediation 

goals so that an appropriate range of remedial options can be developed for analysis . 

The RAO for environmental protection are as follows: 

• 

• 

eofttrol groundwater mei;emeat ta IBiftimize release ef COG from greundwater 

to surface water that would result iB coBCentratioHS iB the ri,;er iB eJEeess of 

Ameieftt Water Quality Criteria 

pre•;eftt destruction of eritieal haeitat; ~e destruetieft ef aeaeritieal 

h89itat; preYee.t ae•1erse impacts to threeteBCd er ead&Bgered species 
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• 

• 

• 

• 

t3t=e11ent eFosioft of soH eariftg t=emediatioft that would eofttfibute to surfaee 
w&tef eoneefttftH:ioftS gt=e&tef th:&ft the A.meient V/atef Quality CFiteFia foF the 
COG ift surfaee water. 

Control groundwater movement to minimize the release of contaminants of 

concern into surface waters that would result in concentrations in the Columbia 

River in excess of the EPA Ambient Water Quality Criteria 

Control groundwater movement to preclude the release of radionuclides in the 
Columbia River that would result in a dose to an ecological receptor that 
would exceed 1 rad per day 

Prevent .erosion of soil during remediation that would contribute to surface 
water concentrations exceeding Ambient Water Quality Criteria 

Prevent destruction of sensitive wildlife habitat, minimize the destruction or 
disruption of wildlife habitat in general, and prevent adverse impacts to 
threatened or endangered species 

The t3Felimiftafy t=emediatioft goal (PR-G) is 50 11g/L meast1t=ed ifl two eoBSeeuti·,e 
samt3liftg Fotiftds ift the neM ri1t1ef v,ens as estaelished ffl the Tri Pafty .A.greement ChElftge 
Cofttfol Fofffl M 15 93 02 (Ecology et al . 1994). Chfofflftlftl eoneentmtioBS eelow the 
ehroftic 1'\mhient Water Qaality Criterioft of 11 1,tg/L as measured ffl the suestfate Me 
eoRSidet=ed altem&te PR-G. These PR-G t=epFeseftt sereeftiftg eFiteFia for the FFS. Fiftal 
remediatioft goals will ee set ift the reeord of deeisioft. 

The preliminary remediation goal (PRG) at the location of exposure (e .g., riverbed 

sediments used as salmon spawning habitat) is 11 ug/L hexavalent chromium (EPA Ambient 

Water Quality Criteria for Protection of Freshwater Aquatic Life). Monitoring water quality 

in riverbed sediments is logistically difficult, and efforts will be made to develop alternative 

sampling methodologies for performance monitoring. PR Gs for alternative sampling 

locations along the shoreline and in near-river wells will be refined as new information from 

pre-remedial design activities are completed. 

In the JOO Area Feasibility Study Phases 1 and 2 (DOE-RL 1994a), alternatives were 

developed and screened for the 100 Area as a whole. The FFS modifies these alternatives to 

meet site-specific conditions. The alternatives considered in the FFS are: 

e GW-1 - no action 
e GW-2 - institutional controls/continued current actions 
e GW-3 - containment 
• GW-4 - in situ treatment 
• GW-5 - removal, treatment, disposal using ion exchange 
• GW-6 - removal, treatment, disposal using reverse osmosis. 
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Table ES-1 lists the processes included in each alternative. Alternative GW-4 was not 

considered in the FPS because this alternative applies to organic contaminants and nitrate, 

neither of which are COC for the operable unit. 

The alternatives are defined in detail in the FFS to facilitate the detailed analysis. 

The detailed analysis is presented in tables where each alternative is compared to seven of 

the nine CERCLA criteria. These criteria are as follows: 

• 
• 
• 
• 
• 
• 
• 

· overall protectiveness 
compliance with ARAR 
long-term effectiveness 
reduction of toxicity, mobility, or volume 

short-term effectiveness 
implementability 
cost . 

The comparative analysis uses the results of the detailed analysis to compare 

alternatives to each other for their relative ability to meet the CERCLA criteria. The results 

of the detailed and comparative analyses are summarized in Table ES-2. The FFS will 

support the proposed plan for the IRM in the operable unit. 
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Table ES-1 Alternatives and Process Options 

ALTERNATIVE PROCESSES 

GW-1: No Action Groundwater monitoring 

GW-2: Institutional Controls/ Access restrictions 
Continued Current Actions Groundwater monitoring 

Evaluation of results of current actions 
- pilot-scale treatability test 
- Columbia River Comprehensive Impact 

Evaluation 
- river/groundwater interaction studies 
- chrotnium speciation studies 

GW-3: Containment Sheet pile 
Extraction wells 

GW-5: Removal, Treatment, and Disposal Removal 
Using Ion Exchange - extraction wells 

Physical treatment: 
- filtration 
- ion exchange 
Stabilization/solidification: 
- cement-based solidification 
Liquid disposal: 
- river discharge or injection into an aquifer 
Solids disposal: 
- ERDF, W-025, or other site 
Monitoring 

GW-6: Removal, Treatment, and Disposal Removal: 
Using Reverse Osmosis - extraction wells 

Physical treatment: 
- filtration 
- reverse osmosis 
- forced evaporation 
Stabilization/solidification: 
- cement-based solidification 
Liquid disposal: 
- crib disposal 
- river disposal 
- injection to aquifer 
Solids disposal: 
- ERDF, W-025, or other site 
Monitoring 

ERDF - Environmental Restoration Disposal Facility 

EST-1 
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Ren ed1al Overall 

Act Ion Protection of 
Human Health 

and Environment 

I 
No A, lion Poor - =o1og1ca1 nsks not 

quantified and not expected to 
significantly reduce 
concentrations of chromium in 
groundwater. 

.Instill llonal I l'OOr - t:co1og1Ca1 risks not 

Contr UContlnue quantified and not expected to 

Cum t Action significantly reduce 
concentrations of chromium in 
groundwater 

IConta mnent 1 vooo - 11nmeo1ate reduct10n m 
chromium concentrations in 
concentrations of chromium 
entering the river in contained 
areas . 

lRemo il7Ion I Uood - 1rruned1ate reduction m 

Exch1 hge chromium mass in 

Treat hent/Dlsposal groundwater expected, with 
likely reduction in chromium 
concentrations entering river 

IRemo al/Renne 1 uooo - munca1ate reduc110n m 

Osmo Is chromium mass in 
Treat hen I/Disposal groundwater expected, with 

likely reduction in chromium 
concentrations entering river 
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Table ES-2 
Summary of Comparitive Analysis 

HR-3 Operable Unit 

CERCLA Evaluation Cntena 

Compliance with Long Term Reduction in Short Term 
ARARs Effectiveness Toxicity, Effectiveness 

and Mobility, 
Permanence and Volume 

Poor - L:hrom1um concentr31Jons , Fair - Potenlllll ecolog1caJ Poor - no s1gnif1cant f'air - no add1uoiwailvene 

will exceed ambient waieT quality risks to river will remain, reduction during IRM impacts, but threat 10 river 

criteria in near-river wells and but al1ema1ive comaptible period not mitigated. 

possibly in salmon spawning with potential final actions. 

habitat. 
I Poor - Chronuum concentr31Jons I f'air - l'otenllal eco1og1cai I Poor - no s1gm11can1 11<air - no aoamonal advene 

will exceed ambient waieT quality risks 10 river will remain, reduction during IRM impacts, but threat to river 

criteria in near-river wells and but alternative comaptible period not mitigated. 

possibly in salmon spawning with potential final actions . 

habitat. 
I Poor - Chromium concentrations m I Fair - Groundwater may I Fair - rnoo111ty ,Fair - chromium will 

groundwater will decrease due lo eventually migrate around reduced, but toxicity immediately be prevented 

natural process , and may fall below barrier and volume not from migrating towards river. 

AWQC. affected However, some 
environmental impacts due in 
installation of barrier wall. 

I Fair - Chromium mass m 1vooo - chrommm 1 vooo - chromium 1 vooo - potential nsks to 

groundwater will decrease, and permanently removed from removed from system, environment and to worken 

concentrations may fall below system. IRM system could mobility limited by are expected to be minimal 

A WQC at river. ARARs must also be expanded to meet groundwater extraction 

be met for disposal of removed changing objectives . wells 

chromium. 
I Fair - L:hronuum mass m I Fair - Revene osmosis I Uood - chromium I l'air - potential nslcs to 

groundwater will decrease, and system may not be effective removed from system, environment and 10 worken 

concentrations may fall below at removing chromium if mobility limited by are expected to be minimal, 

AWQC at river. ARARs must also groundwater discharge rates groundwater extraction but more land required for 

be met for disposal of removed are increased, and may wells sludge disposal . 

chromium and sludge from require updating or 

membrane. replacement. 

EST-2 

hnplementability Cost (Present 
Wprth in 
millions) 
H D/UK 

Area ·Area 
Uood - groundwaieT 0 0 

monitoring technology well 
established 

I Uood - groundwaieT 1.0 l.U 

monitoring technology well 
established. 

I Poor - Cannot dnve sheet piles 10.0 23 .3 

in H Area; uncertain in D/DR 
Area. Option may require 
future remedial action 10 
remove chromium. 

1 uooo - technology well 10.9 10.2 

established; equipment and 

specialists are available. 

IFair - Requires 1nstallat1on of 28 .2 18.4 

high pressure pumps, more 
difficult and expensive to 
implement than ion exhchange. 



ARAR 
BAT 
CAD 
CERCLA 
CFR 
COPC 
coc 
CRCIA 
CSCF 
CSTR 
DF 
DOE 
DOE-RL 
DOT 
Ecology 
EPA 
EHQ 
ERA 
ERDF 
FBR 
FFS 
FS 
GRA 
HEIS 
HMOC 
HQ 
HRA-EIS 
HSRAM 
ICR 
IRM 
LFI 
LOEL 
MCL 
MMOC 
MOC 
NEPA 
NCP 
NPDES 
NPL 
O&M 
PNL 
QRA 
RAO 
RCRA 
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ACRONYMS 

0 .. I 311 

applicable or relevant and appropriate requirement 

best available technology 
computer-aided design 
Comprehensive Environmental Response, Compensation, and Liability Act 
Code of Federal Regulations 
contaminants of potential concern 
contaminants of concern 
Columbia River Comprehensive Impact Assessment 
continuously stirred continuous flow 
continuously stirred - tank bioreactors 
decontamination factor 
U.S. Department of Energy 
U.S. Department of Energy, Richland Operations Office 
U.S. Department of Transportation 
Washington State Department of Ecology 
U.S. Environmental Protection Agency 
environmental hazard quotient 
expedited response action 
Environmental Restoration Disposal Facility 
fluidized-bed bioreactors 
focused feasibility study 
feasibility study 
general response action 
Hanford Environmental Information System 
Hybrid Method of Characteristics 
hazard quotient 
Hanford Remedial Action Environmental Impact Statement 
Hanford Site Risk Assessment Methodology 
incremental lifetime cancer risk 
interim remedial measures 
limited field investigation 
lowest observable effects level 
maximum contaminant level 
modified method of characteristics 
method of characteristics 
National Environmental Policy Act 
National Contingency Plan 
National Pollutant Discharge Elimination System 
National Priorities List 
operations and maintenance 
Pacific Northwest Laboratory 
qualitative risk assessment 
remedial action objective-
Resource Conservation and Recovery Act 

lll 



RI 
ROD 
SIP 
SDWA 
SVE 
TBC 
Tri-Party 

Agreement 
TSS 
USGS 
voe 
WAC 
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ACRONYMS (Continued) 

remedial investigation 
record of decision 
Strongly Implicit Procedure 
Safe Drinking Water Act 
soil vapor extraction 
to be considered 

Hanford Federal Facility Agreement and Consent Order 
total suspended solids 
United States Geological Service 
volatile organic compounds 
Washington Administrative Code 

iv 
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1.0 INTRODUCTION 

This focused feasibility study (FFS) is in support of the Comprehensive Environmental 

Response, Compensation, and Liability Act of 1980 (CERCLA) remedial investigation/ 

feasibility study (RI/FS) activities for the 100-HR-3 Groundwater Operable Unit. The RI/FS 

process is described in the Guidance for Conducting Remedial Investigations and Feasibility 
Studies Under CERCLA (EPA 1988). The 100 Area is one of four areas on the Hanford Site 

that are on the U.S. Environmental Protection Agency's (EPA) National Priorities List 

(NPL) under CERCLA (Figure 1-1). The 100-HR-3 Operable Unit is one of seven operable 

units associated with the 100-D/DR and 100-H Areas of the Hanford Site (Figure 1-2). 

Three of the 100-D/DR operable units (100-DR-1, DR-2, and DR-3), two of the 100-H 

operable units (100-HR-1 and HR-2), and the 100-IU-4 Operable Unit are source units. The 

100-HR-3 Groundwater Operable Unit includes the groundwater beneath the source operable 

units and the adjacent groundwater, surface water, fluvial sediments, and aquatic biota 

impacted by the overlying source operable units. The 100-HR-3 Operable Unit also includes 

that portion of the 600 Area that lies between the 100-D/DR and 100-H Reactors. 

The approach for the RI/FS activities for the 100 Area operable units has been further 

defined in the Hanford Past-Practice Strategy (DOE-RL 1991). This strategy streamlines the 

past-practice remedial action process with a bias for action through optimizing the use of 

interim remedial measures (IRMs) and expedited response actions (ERAs). 

All work conducted at the 100 Area waste sites is in accordance with the conditions 

set forth in the Hanford Federal Facility Agreement and Consent Order (Tri-Party 

Agreement) (Ecology et al. 1990), and its amendments, signed by the Washington State 

Department of Ecology (Ecology), EPA, and the U.S. Department of Energy (DOE). 

1.1 PURPOSE AND SCOPE 

The Hanford Past-Practice Strategy (DOE-RL 1991) defines the FFS as an evaluation 

of a limited number of alternatives that are focused to the scope of the response action 

planned. The FFS constitutes the detailed analysis phase that completes the FS evaluation 

process for the targeted IRM. In addition to the alternative evaluation in the JOO Area 
Feasibility Study Phases I and 2 (DOE-RL 1994a), the detailed analysis phase in this FFS 

integrates the results of area-wide studies such as river impact, shoreline, ecological, cultural 

resources, treatability, and background studies as well as information from operable unit

specific limited field investigations (LFI) and qualitative risk assessments (QRA). 

The FFS does the following things: 

• Updates and refines remedial action objectives (RAO), contaminant~ of 
concern (COC), applicable or relevant and appropriate requirements (ARAR), 

and remedial alternatives based on new information developed since the J 00 
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Area Feasibility Study Phases 1 and 2 (DOE-RL 1994a). (additioool risk 

assessmeBt may ee Hsea to refine RA:O aBE:l COG) 

• Performs detailed and comparative analyses of IRM alternatives. 

The FFS is performed primarily to provide a detailed analysis of remedial action 

alternatives for sites remaining on the IRM pathway as identified in the LFI. 

The objective of the FFS is to provide decisionmakers sufficient information on waste 

site conditions and remedial alternatives to allow them to make an appropriate and timely 

decision on remediation of sites to be addressed through IRM. The FFS evaluates 

alternatives identified in the 100 Area Feasibility Study Phases 1 and 2 (DOE-RL 1994a) and 

considers new information on technologies, operable unit characteristics, and areawide 

studies. 

Concurrently, FFS' s are being prepared for some of the 100 Area source operable 

units. Source cleanup is integral to successful remediation of groundwater; therefore, the 

cleanup of groundwater is closely tied to the cleanup of the sources of contamination. The 

source FFS's currently under preparation are aimed at the high priority sites, mainly the 

liquid waste sites. Remediation of these sites may play a major role in cleanup of the 

groundwater by eliminating a pathway for continued contamination. 

1.2 REPORT ORGANIZATION 

The FFS is organized into the following sections: 

• 

• 

• 

• 

e 

e 

e 

Section 1.0--introduction and discussion of purpose of report; summaries of 

100 Area studies that support the FFS 

Section 2.0--operable unit background and summaries of operable-unit specific 

reports 

Section 3.0--discussion of RAO, including land use, COC, ARAR, and 

remediation goals 

Section 4. 0--detailed descriptions of the groundwater remedial alternatives 

identified in the 100 Area FS, including any modifications to the alternatives 

based on new information concerning contaminants or technologies; discussion 

of uncertainties associated with the alternatives 

Seetion 5. 0 dise11ssion ef modeling efforts fer FPS 

Seetion G. O diseHssion of aetailea analysis methoaology; aetailea analysis 

taeles eompariBg eaeli alternative to the nme GER-CU, eriteria 

Seetien 7. 0 a diseHssion ef the seBSiti•1ities of the report assumptieB5 
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Seetion 8. 0 eompe.fflti¥e &:B£tlysis of eltemati•;es usmg the CERCLA ftHle 

eriteFi& -

• Section 5. 0--description of groundwater flow modeling conducted for the 

various remediation alternatives 

• Section 6.0--detailed evaluation of remedial alternatives using CERCLA 

evaluation criteria 

• Section 7. 0--qualitative sensitivity analysis of FSS assumptions 

• Section 8.0--comparative analysis of remedial alternatives using CERCLA 

criteria 

• Section 9. 0--a list of references used in the FFS 

• Appendix A--a tabulation of ARAR 

• Appendix B--detailed descriptions of technologies developed and screened in 

the 100 Area FS, Phases 1 and 2. 

• Appendix C--modeling details 

• Appendix D--cost models. 

1.3 SUMMARY OF THE HANFORD PAST-PRACTICE STRATEGY 

The strategy streamlines the past-practice remedial action process with a bias for 

action through the use of expedited response actions and IRM. The strategy focuses on 

reaching early decisions to initiate and complete clean-up projects, maximizing the use of 

existing data, coupled with focused, short time-frame investigations where necessary. 

Figure 1-3 depicts the interrelationships and sequencing of steps and activities that 

must be integrated to bring an operable unit from field investigation through record of 

decision (ROD). The diagram is consistent with the approach outlined in the Hanford 

Past-Practice Strategy (DOE-RL 1991). This chart provides a graphical description of the 

entire process of characterization activities, risk assessments, treatability studies, and FS for 

the high and low priority sites within an operable unit and for the operable unit as a whole. 

To aid in understanding each of the figure activity elements and their 

interrelationships, each element is described in the 100 Area Feasibility Study Phases 1 and 2 

(DOE-RL 1994a). 

1.4 SUMMARY OF 100 AREA FEASIBILITY STUDY PHASES 1 AND 2 
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The 100 Area FS, Phases 1 and 2, evaluated the known characteristics of the 

Hanfer-d---100 Area and-identified the range of remedial alternatives that were most 

appropriate for protection of human health and the environment for the entire aggregate area. 

The purpose of the 100 Area FS was as follows: 

• To provide a generalized view of applicable and workable remedial 

technologies as applied to the site contamination problems as a whole 

• To evaluate groups of sites based on similarity, as opposed to geographical 

location and operable unit designation 

• To develop and screen remedial alternatives to be used in the detailed analysis 

phase of the FFS for IRM or the final FS for individual operable units. 

The 100 Area FS, Phases 1 and 2, consisted of the following four principal tasks: 

• Identify contaminants of concern for the media of concern 

• Identify ARARs pertinent to all general response actions (GRA) 

• Develop remedial alternatives (Phase 1) applicable to the 100 Area including 

development of RAO, development of GRA, identification and screening of 

technologies and process options, and assembly of remedial alternatives from 

representative technology types 

• Screen alternatives (Phase 2) developed in Phase 1 for implementability, 

effectiveness, and costs to identify those alternatives that warrant advancement 

to the detailed analysis phase of future FFS. 
C 

Contaminants of potential concern (COPS) and ARARs identified in 100 Area FS, 

Phases 1 and 2, are refined in the FFS based on the evaluation of additional operable unit

and waste site-specific information gathered in the LFI. General response actions and 

alternatives retained as a result of the 100 Area FS are evaluated in detail in the FFS. 

General response actions were identified as follows: 

• No action 

• Institutional actions 

• Containment actions 

• In situ treatment actions 

• Removal/treatment/disposal actions. 

Alternatives retained from the 100 Area FS, Phases 1 and 2, are listed in Table 1-1. 
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1-.5- 100-AREA WIDE- AND AGGREGATE AREA STUDIES 

The 100 Area aggregate studies and Hanford Site studies, such as the Hanford Site 

background studies, provide integrated analyses of selected issues on a scale larger than an 

operable unit. The 100 Area groundwater operable unit work plans (DOE-RL 1992a-d) 

address studies common to the 100 Area covering topics such as river impact, shoreline 

ecology, and cultural resources. These studies are reported individually and provide data for 

the selection of m.Ms. Results of these studies are summarized below. Details of the studies 

can be found in the corresponding references. 

1.5.1 Hanford Site Background 

The natural inorganic chemical composition of groundwater in the unconfined aquifer 

system beneath the Hanford Site is presented in Hanford Site Groundwater Background 

(DOE-RL 1992e). The characterization effort identifies the types and concentrations of 

inorganic analytes that exist naturally in the groundwater. Provisional threshold levels for 40 

inorganic analytes developed in this effort are listed in the LFI. Background values for most 

radionuclides and organic constituents have not been developed. 

1.5.2 Hanford Remedial Action Environmental Impact Statement 

In accordance with DOE Order 5400.4 and Chapter 10 Code of Federal Regulations 

(CFR) Part 1021, the values of the National Environmental Policy Act (NEPA) of 1969 are 

to be incorporated in the CERCLA process. Many of the NEPA values are addressed in the 

detailed analysis of remedial alternatives within this FFS; however, Hanford Site and 

area-wide impacts are being addressed by the Hanford Remedial Action Environmental Impact 

Statement (HRA-EIS) . 

The HRA-EIS analyzes the impacts caused by remediating the CERCLA/Resource 

Conservation and Recovery Act past-practice waste sites on the Hanford Site. The NEPA 

strategy follows a tiered approach that allows the issues addressed in the HRA-EIS to be 

incorporated into subsequent assessments by reference alone (40 CFR 1502.20). A draft of 

the HRA EIS is sehedltled for 1melie review ift AHgt1st 1994 . The fi-B&I ROD for the 

HRJ.. BIS is sehedltled for ~ril 1995. 

1.5.3 Ecological Summary 

Bird, mammal , and plant surveys were conducted and reported in Sackschewsky and 

Landeen (1992). Curre&t eoBtomiaotioB d&to h&s eeeB eo1:Bf1i:led from other soltrees, alo&g 

with eeologieal f'edYNo-ys ftBd lists of all wildlife ftBd f'IOBts at the site, iftelHdiftg threateaed 

ftBd eBG&Bgered species ('Neiss BREI Mitehell 1992). Current contamination data, including 

ecological pathways and lists of all wildlife and plants at the Site, have been compiled from a 

variety of sources. These sources include individual project reports and routine 

environmental monitoring reports produced by Pacific Northwest Laboratory and 
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Westinghouse Hanford Company. A comprehensive bibliography of sources is presented in 

Weiss-and-Mitchell (1992). Another report (Cadwell_ 1994) discusses aquatic species on the 

Hanford Reach of the Columbia River; mapping activities of vegetation on the site, and 

efforts to survey species of concern; shrub-steppe bird surveys; and mule deer and elk 

population monitoring. Report conclusions state that intrusive activities, such as remedial 

actions, that are conducted inside the controlled-area fences will not have a significant impact 

on the wildlife. Intrusive activities outside the controlled-area fences should have minimal 

impact on wildlife if the recommendations contained in the three documents listed below are 

followed (Landeen et al 1993): 

• Bald Eagle Management Plan (Fitzner and Weiss 1992) 

• Biological Assessment of Threatened and Endangered Species (Fitzner et al. 

1992) 

• Biological Assessment for State Candidate and Monitor Species (Stegen 1992). 

The ecology of the riverine and riparian zones associated with the Columbia River is 

summarized in the Columbia River Impact Evaluation Plan (DOE-RL 1993a). Additional 

information sources are included as references in the evaluation plan. The DOE policy also 

states that site-specific ecological surveys will be conducted at all sites where cleanup and 

remedial actions are performed. 

1.5.4 Groundwater/River Interaction 

Several projects are contributing to a better understanding of how contaminated 

groundwater from the Hanford Site enters the Columbia River along the 100 Areas. This 

topic was included in an earlier Tri-Party Agreement milestone that addressed general 

investigations in the 100 Areas (M-30-00 series). A submilestone required the installation of 

equipment and the initiation of monitoring activities to perform long-term evaluation of 

river/aquifer interaction; both milestone requirements were completed by September 1993. 

There are :ea S\¼9sequee.t milestanes, ha1+'Je:r.•er, ta f)rese:et the resHlts af the evalHatia:e af 

i:etereetioft. Information from these activities will be incorporated into the conceptual site 

model that is used to support remedial design, including establishing appropriate performance 

monitoring activities. 

Automated equipment is installed in wells at each reactor area to measure water levels 

at hourly intervals. Similar stations are operating at four reactor areas to measure river stage 

changes. Selected stations also contain sensors to record temperature and electrical 

conductivity. In the 100-H Area, simultaneous recording of water levels, temperature, and 

conductivity are being made in the nearshore river, in riverbank seepage, and in a shoreline 

monitoring well. All of these stations will be operated for a time period sufficient to 

describe daily, weekly, and seasonal river cycles (most smtio:es wi-11 he1re met this o&jeeti1re 

by Fell 1994). Operation of the equipment and selected results are described in annual 

progress reports (e.g., Campbell 1994). 
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Monitoring activities include data collection by the equipment just described, as well 

as-data--c-ollection for Gperable unit sampling tasks, as listed in work plans. Groundwater, 

riverbank seepage, and shoreline sediments are all sampled as part of operable unit sampling. 

Non-environmental restoration program activities, such as RCRA groundwater monitoring 

and Sitewide Environmental surveillance conducted under DOE Order 5400 .1, also contribute 

data that are relevant to river/aquifer interaction investigations. A summary of water quality 

data from near-river monitoring wells, riverbank seepage, and nearshore river water is 

present in Peterson and Johnson (1992). Riverbank seepage, shoreline sediment, and river 

water data for sampling activities conducted for the environmental restoration program are 

published in DOE-RL (1992f) and WHC (1993a). The data are also available from the 

Hanford Environmental Information System (HEIS). 

Interpretation of river/aquifer interaction data is in progress. Initial results show that 

groundwater is affected by river stage changes in several ways. River fluctuations can be 

observed as water level changes in wells throughout the reactor areas, with a time lag and 

amplitude decrease occurring as the well's distance from the river increases. This 

information has potential use for inferring aquifer hydraulic properties (e.g., McMahon and 

Peterson 1992). River stage changes also affect water quality, but only within several 

hundred feet of the river, and to varying degrees depending on the magnitude and duration of 

stage changes. Evidence for some degree of groundwater dilution by river water prior to 

crossing the channel interface is found in riverbank seepage concentrations of contaminants. 

Seepage concentrations are almost always intermediate between values in shoreline wells and 

nearshore river water (Peterson and Johnson 1992). 

An understanding of the physical and chemical environment at the aquifer/river 

interface, and of the processes occurring at the interface, is fundamental for assessing the 

impact of Hanford Site groundwater on the Columbia River water quality and ecosystems. It 

is also relevant in assessing the performance of remediation activities. Continued 

investigation of aquifer/river exchange is strongly encouraged to support future RODs for 

environmental restoration. 

1.5.5 Columbia River Comprehensive Impact Assessment 

The Columbia River Comprehensive Impact Assessment (CRCIA), established in Tri
Party Agreement Milestone M-13-80 (subsequently changed to M-15-80), will evaluate the 

current human and ecological risks associated with the Columbia River and attributable to 

past and present activities on the Hanford Site. The CRCIA is being conducted by Pacific 

Northwest Laboratory (PNL). Human risk from exposure to radioactive and hazardous 

materials will be addressed for a range of river use options. Ecological risk will be 

evaluated relative to the health of the current river ecosystem (Eslinger et al. 1994). 

1.5.6 Investigations of Chromium in Groundwater 

Chromium has been introduced to groundwater in the 100 Areas from several sources. 

Known sources for chromium in the 100-HR-3 operable unit are (1) coolant water leakage 

from the retention basins and underground piping; (2) sodium dichromate stock solution 

leakage associated with preparing coolant water; (3) decontamination solution disposal in 
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cribs, french drains, and trenches; and (4) leakage and/or spillage of waste solutions placed 

in-the--t-83-H Solar Evaporation Basins. Groundwater containing chromium has moved from 

the 100-D/DR Area, where sources (1) through (3) above were present until the mid-1960s, 

into the 100-H Area, and the region immediately north. Wells located in the 600 Area 

between 100-D/DR and 100-H reactor areas (699-97-43, 699-46-43, and 699-91-46) are 

monitored semiannually for chemical and radiological waste indicators to help track this 

plume. 

Several projects have been completed or are underway that contribute to a better 

understanding of groundwater contamination by chromium in the 100-HR-3 Operable Unit. 

Estimates for the volume of contaminated groundwater, the mass of chromium within that 

volume, and the changes in characteristics between 1988 and 1992 in the 100-H Area are 

presented in Peterson and Connelly (1993). Their estimates suggest tlle e:idsteaee of a 
eln=omittm f)l\:lffle iB. e:M:eess of 100 f)f)B (EPA driftkiftg water staHdard) that hfts a ¥olame of 
&f)f)fO:M:imately 180,000 m! &BEi eoftta-iB.s &f)f)roKimately 2e kg of eln=omRffll. The estimates 
i-Bdicate a slight merease HI the ph:lme darmg tlle time mte£¥al S:Baly2:ed, a-ncl three possible 
rensoBS were offered. The most lik:ely enase is the imlax of eln=omittm eeariflg gfoafttlwnter 
fi:om tlle west iB.to tlle 100 H Area, reS1:tltiftg from past disposal HI the 100 D Area. Other 
f)Ossible enases are aftiElefttifieEI eofttiftamg soarees iB. tlle 100 H Area nnEI iaereased release 
fi:om tlle soil colamB. Their estimates suggest a chromium plume with concentrations in 

excess of 50 ug/L that has a volume of approximately 310,000 m3 and contains 

approximately 36 kg of chromium. The results indicate a slight increase in the plume size 

during the time interval studied. Three explanations for this apparent increase were 

suggested: Influx of chromium-bearing groundwater from upgradient sources, an 

unidentified continuing source in the 100-H Area, and an increased release from the soil 

column (Peterson and Connelly, 1992). 

An effort is under way to describe how chromium moves with groundwater and where 

chromium fixation might occur (DOE-RL 1993a). This study of chromium speciation looks 

at the concentrations and valence state of chromium in the unconfmed aquifer, at the 

interface between the aquifer and the river, and in the nearshore river. Analysis of the 

various valence states in sediments and periphyton coatings on sediments is included, along 

with tests involving potential changes in valence state that occur when groundwater is mixed 

with river water. Initial interpretations suggest that some hexavalent chromium in 

groundwater is reduced to the less-toxic and less-mobile trivalent state at the aquifer/river 

interface. 

1.6 SUMMARY OF 100 AREA GROUNDWATER TREATABILITY STUDIES 

Treataeility tests v;ere eofttlaeted Oft grotlftdwater sam13les eolleeted from tee 
100 HR 3 GrotlftEl•wiater Of)efftele Uftit to eoHeet data Oft trentmeftt teehftologies. The 100 
HR 3 Of)eraele Uftit eoBSists of tlle groaftd1t·;nter eeaeatll tlle 100 H nfttl 100 D,'DR Areas; 
the eoNmieeet-.s HI tae Of)erahle tlftit inelude eln=omi\:lffl, ftitrnte, &BEi tlraftft:lfB. Treatability 

tests were conducted for several of the contaminants of potential concern listed in the 100-

HR-3 limited field investigation report (DOE-RL 1993b {DOE/RL-93-43} ). Bench-scale 

tests of biodenitrification used batch studies to determine if biodenitrification could reduce 
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the nitrate concentration to a residual of < 45 mg/L (as N03), the current maximum 

c~ntaminant level (MGL) as defined in the Safe Drinking Water Act (SDWA) (40 CFR 141). 

The tests were conducted under the JOO-HR-3 Groundwater Treatability Test Plan (DOE-RL 

1992g), the Treatability Study Program Plan (DOE-RL 1992h), and the JOO Area 

Groundwater Biodenitrification Bench-Scale Treatability Study Procedures (Peyton and 

Martin 1993). The results of the test are presented in JOO Area Groundwater 
Biodenitrijication Bench-Scale Treatability Study -- Final Report (Peyton 1994). Because the 

treatability test was directed at nitrates and organics, the information is not relevant to the 

COC for the 100-HR-3 Operable Unit. Therefore, no additional discussion of the treatability 

test is provided in the FFS. 

Treatability tests were also conducted to test the removal of chromate, nitrate, and 

uranium (VI) using precipitation/reduction and/or ion exchange treatments. The tests are 

described in the JOO-HR-3 Groundwater Treatability Test Plan (DOE-RL 1992g). Procedures 

for the tests are specified in JOO-HR-3 Area Groundwater Treatment Tests for Ex, Situ 
Removal of Chromate, Nitrate, and Uranium (VI) by Precipitation/Reduction and/or Ion 
&change (WHC 1993b); results are presented in Treatment Tests for Ex, Situ Removal of 

Chromate, Nitrate, and Uranium (VI) from Hanford (JOO-HR-3) Groundwater Final Report 
(WHC 1993c) (Beck and Duncan, 1994). Results of each test are summarized below. 

The detection limit fer tre&taflility stady fer chremitHft was 19 Jtg/L. The goal of the 

stady v,ias the MCL of 100 Jtg/L, so this deteetien limit was aeef!tiate. The Contraet 

Refltiired Detected Limit (CRDL) for chrofflRHft is 10 Jtg/L (EPA 1991). 

The performance goals adopted for the JOO-HR-3 Groundwater Treatability Test Plan 
are: Total chromium (100 ug/L); nitrate (45,000 ug/L); and uranium (22 ug/L) (DOE-RL 

1992g {DOE/RL-92-73} ). Detection limits for analyses conducted during the testing are: 

Total chromium (29 ug/L); nitrate (10,000 ug/L); and uranium (1 ug/L) (Beck and Duncan, 

1994, Table 1 {WHC-SD-ER-DTR-001 , Rev. 0}). 

1.6.1 Precipitation/Reduction 

1.6.1.1 Sulfide Precipitation. A ferrous sulfate/sodium sulfide method was tested to first 

reduce the chromium (VI) to chromium (III) and then to coprecipitate the reduced chromium 

with the resulting ferric hydroxide and/or ferric sulfide (WHC 1993c). The possible 

reduction and/or precipitation of uranium was also investigated. The ferrous sulfate/sodium 

sulfide treatment was effective at removing the chromium (decontamination factor [DF] of 

64); however, the treatment failed to remove uranium or nitrate and generated significant 

quantities of sludge. (The D F is defined as the original concentration of the contaminant · 

divided by the concentration after treatment. A DF less than 2 is considered insignificant.) 

The method resulted in a colloidal suspension, which was not removed by centrifugation. 

1.6.1.2 Brushite Coprecipitation. Disodium hydrogen phosphate was used to precipitate 

brushite from the contained calcium ion naturally present in the groundwater to determine the 

potential for removing uranium. The incidental removal of chromate from solution by 

coprecipitation with brushite was also investigated. The brushite treatment produced 

significant DF for uranium (DF = 32). This treatment did not result in significant DF ( > 2) 
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for chromate and had little effect on nitrate concentrations. Because neither precipitation 
methed--resulted in removal of both chromate and uranium, and because both generated 
significant quantities of sludge or flocculent, no further tests were conducted.· 

1.6.2 Ion Exchange 

Three different strong-base anion exchange resins were tested based on 
recommendations of resin manufacturers (Dowex 21k'" from Dow Chemical Company and 
Amberlite 402· and 410• from Rohm and Haas Company). All three resins had excellent DF • 
for uranium (90+70 to 110+70) and chromate (60+46 to 90+12). The Dowex 21K'" had a 
much higher DF for nitrate (40+20) than the Amberlite 410· (12+2) or Amberlite 402'" 
(6+ 1). The Dowex 21K. removed the high concentration of contaminants down to the level 
of detection for several hundred column volumes. 

The test was a full factorial experiment, which means that all combinations of the 
variables of interest were explored. Tests conducted included batch tests, equilibrium tests, 
and breakthrough tests. Bctttilibrium test:s she•Ned th&t the adseff)tieB. petemi&l fer DeweK ~= fer l!f&ftftffll &B.d eflfem&te ·.vas f8:r higher th&B. the &m0l!ffl ef gt:011B.dv.1&ter available fer 
~ikiHg. 

The following summarizes the results of the anion exchange resin test results. 

• No pretreatment requirements were identified in the treatability tests; however, 
a prefilter is recommended for field application. 

• Based on the results of the test, the optimum resin for treatment of chromate, 
nitrate, and uranium is Dowex 21K·, a strong-base anion exchange resin. 

• No breakthrough was observed in water from Well 199-H4-4 for chromium or 
uranium after a total of 1660 column runs. Nitrate showed breakthrough after 
445 column volumes. The concentrations from this well were 84,600 ppb 
nitrate, 49 ppb uranium, ~ 66 ppb chromate, and +9-:4 79 ppb total 
chromium. 

• Breakthrough for water from Well 199-D5-15 occurred at 450 column volumes 
for nitrate and 1,100 column volumes for chromium. Initial concentrations 
were 49,700 ppb nitrate, 12 ppb uranium, 1,930 ppb chromate, and 2,025 ppb 
total chromium. Bree:la.'ir01!gh for eftfemil!m eee11rred &t 100 ppe; therefere, 
1925 ppe was tilkeB. 11p by the ieB e:iteft8:ftge resift. When breakthrough for 
chromium was first observed, the effluent concentration was 100 ppb 
chromium. The capacity of the Dowex 21K. is 2. 79 µg chromium per mg of 
resin, based on the test results for this well water. 

• No degradation of resin or resin life was noted during multiple cycles. 

• During the multiple cycles, the contaminant concentrations were below the 
performance goals, with the exception of uranium. This may not be too 
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significant, because the levels of uranium introduced in the test were much 

higher(~ times) than typical 100 Area groundwater uranium concentrations. 

• The ion exchange was eluted with 4 to 5 column volumes of 4 M sodium 

chloride, then washed with one to two column volumes to regenerate the resin 

for reuse. The concentrations in the eluate were typically several hundred 

thousand ppb chromium, ten million ppb nitrate, and thirty thousand ppb 

uranium. Both the eluate and wash contained uranium and were considered 

mixed waste. 

As part of the breakthrough tests, a low flow rate (16 column volumes per hour 

[3.4E-4 gal/min]) test using groundwater spiked with 700 ppb uranium, 1,700 ppb 

chromium (VI), 2,020 ppb total chromium, and 192,300 ppb nitrate showed that 1,800 

column volumes were insufficient to show breakthrough for uranium. Chromium 

concentrations at 1,800 column volumes were near the performance level at 3 % to 4 % of 

original concentrations. Nitrate showed breakthrough at 350 column volumes, which 

corresponds to a resin loading capacity of 1.2 meq/mL for the Dowex 21K'" resin. 

(Breakthrough is defined as 50 % of the original concentration.) 

A high flow rate (27 column volumes per hour [5.7E-4 gal/min]) test using 

groundwater spiked with 820 ppb uranium, 2,100 ppb chromium, 1,990 ppb chromate, and 

212,700 ppb nitrate showed no breakthrough for chromium; however, the test was ended 

prematurely due to equipment failures. Uranium concentrations were slightly higher in the 

effluent than in the slow flow rate test, which may indicate that the kinetics of uranium 

adsorption are slow. The uranium concentration was always less than the performance level 

(22 µg/L). 

1.7 PILOT-SCALE TREATABILITY STUDY 

Milestone M-15-06E required that DOE begin pilot-scale pump and treat operations for the 

100-HR-3 Operable Unit by August 1994. The pilot scale study is to address chromium. 

Assuming that the pilot scale pump-and-treat operation is successful, it would continue to 

operate until the ROD. Full-scale operation would be implemented if it were determined to 

be the selected remedy under the 100-HR-3 ROD. If the pump and treat operation is the 

selected remedy under the ROD, it would continue until the three parties evaluated the 

operation using the following criteria, operation using the following criteria, as quoted from 

TPA Change Control Form, Change Number M-15-93-02, dated January 25, 1994: 

1) Hexavalent chromium measured in wells near the Columbia River fall below the 

Model Toxics Control Act (MTCA) standard for chromium of 50 µg/L for two 

consecutive sampling periods. 
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- ~-the 100-D/DR Area, the closest wells to the river are 199-D5-20, 199-D8-55, 
199-D8-54, and 199-D8-53. Routinely monitored riverbank seepage locations are SP-

110-1 and SP-U0-2. 

In the 100-H Area, the closest wells to the river are 199-H4-10, 199-H4-15, 199-H4-

12, 199-H4-4, 199-H4-11, and 199-H4-13. Riverbank seepage locations include SP-

150-1, SP-152-2/3, and SP-153-1. 

2) Sampling of water occurring in the river bottom substrate environment, where springs 

are suspected to discharge contaminated groundwater, in concentrations representative 
of the plume, indicates that hexavalent chromium in this environment is below, and 
will remain below, the chronic Ambient Water Quality Criterion for protection of 
freshwater aquatic life for hexavalent chromium (11 µg/L) set by the EPA. 

3) Groundwater/Columbia River interaction studies, numerical models, or physical 
models indicate that predicted levels of hexavalent chromium within the riverbed 
substrate environment, where contaminated groundwater is suspected to discharge, in 

concentrations representative of the plume, are below the chronic Ambient Water 
Quality Criterion for the protection of freshwater aquatic life for hexavalent chromium 

(11 µg/L) set by the EPA. 

4) Biological surveys, such as aerial photographic records, of Columbia River sections 
where contaminated groundwater discharges may reasonably be expected to occur, 

indicate that contemporary salmonid redd distributions are at concentrations and 
locations expected if hexavalent chromium were not an influence. 

5) The effectiveness (including cost/unit of hexavalent chromium removed) of the 
treatment technology does not justify further operation. 

6) An alternate treatment technique, such as chemical reduction of the hexavalent 
chromium to a less toxic valence, that is more effective or is less costly is substituted. 

Assumptions associated with the Tri-Party Agreement Change Control Form (Ecology 

et al. 1994) for the pilot-scale treatability test are as follows. 

• The LFI activities do not identify hexavalent chromium data inconsistent with 

data to date. 

• The QRA justifies the need for remediation. 

• Treated effluent containing contaminants above state water quality standards 
can be disposed of in the soil column or aquifer. 

• Hazardous, radioactive, and/or mixed waste (e.g., resins) will be stored and/or 

disposed of on site at locations agreed to by the three parties. 
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Bench-scale tests will confirm·treatment assumptions . 

The pilot-scale treatability test will be performed in accordance with the 

100-HR-3 Groundwater Treatability Test Plan (DOE-RL 1992h). 

The Pilot-Scale Treatability Test Plan for the 100-HR-3 Operable Unit (DOE-RL 

1994b) provides an outline for the pilot-scale test using the Dowex 21K™ resin in an ion 

exchange pump-and-treat system. 

1.8 KEY ASSUMPTIONS FOR FFS 

The key assumptions that form the basis for the FFS are as follows. 

• 

• 

• 

e 

e 

• 

• 

• 

The purpose of the IRM is to address an identified threat to human health or 

the environment. 

The objectives of the FFS IRM are to protect ecological receptors in the 

Columbia River and to abate offsite migration of contaminants. 

To meet the objectives, the alternatives are aimed at containment and control 

of contaminant plumes. (The e:ltematives ere not designed for me:ss re01:1etion 

or e:qaifer elee:nl.itl.) 

The oeee:sione:l use seeftO:fio is e:s9\Hfted for the OfJere:ele amt. 

For fJUfJmses of eost estime:tes, the FFS uses 0: finite lifeeyele for the IRM to 
the yeO:£ 2008. It is assamed that e:ny final aetioa will ee implemeated ey that 

time, ee it 0: eoatinue:tioft of the IRM or 0: redireetioft of the e:etioft. 

Cost estimates used for alternative comparisons are based on a finite lifecycle 

for the IRM of 12 years. An additional estimate for a 5-year operation of a 

pump and treat system using ion exchange technology is presented also, to be 

consistent with CERCLA National Contingency Plan methods. 

The 100 Area Feasibility Study Phases 1 & 2 (DOE-RL 1994a) forms the basis 

for the alternatives evaluated in the FFS. Additional alternatives or deviations 

from the alternatives are only considered when the defined alternative does not 

match the operable unit characteristics. CERCLA does , however, allow the 

flexibility of specifying different process options at any point in the RI/FS 

process if warranted by site circumstances. 

Disposal to the Environmental Restoration Disposal Facility (ERDF) is 

assumed for all solid wastes generated. This includes the assumption that 

sufficient space is available and that the facility will be operating on a schedule 

consistent with the IRM. 
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Each of these key assumptions is discussed in Sections 2.0 through 6.0 of the FFS. 
The sensitivities associated with these assumptions are discussed in Section 7. 0 . 
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Figure 1-1. Hanford Site. 
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Table 1-1. Alternatives Retained from the 100 Area Feasibility Study. 

Alternativ Description Recommendation 

e 

GW-1 No Action Retain for detailed analysis and risk 

assessment data . 

GW-2 Institutional: Water rights and deed restrictions Retain to preserve range of GRA to be 

Groundwater monitoring evaluated in FFS. 

Columbia River as alternate water 
supply 

GW-3 Containment: Slurry walls Retain to preserve range of GRA to be 

Extraction wells evaluated in FFS. 

GW-4 In Situ Biodenitrification Retain as an in situ treatment action. 

Treatment: Air stripping 

GW-5 Removal, Extraction wells Retain as a removal, treatment, and 

Treatment, Biodenitrification disposal action based on chemical 

& Disposal: Chemical oxidation, precipitation, and treatment processes. 

chemical reduction 
Media filtration and ion exchange 
Cement-based solidification 
Injection into aquifer 
ERDF 

GW-6 Removal, Extraction Wells Retain as a removal, treatment, and 

Treatment, Biodenitrification disposal action based on physical 

& Disposal: Air stripping, forced evaporation, treatment processes. 

media filtration, and reverse osmosis 
Cement-based solidification 
Crib disposal, vaults, and trenches/pits 
ERDF 

JRA = enera res g po nse action 
FFS = focused feasibility study 
ERDF = Environmental Restoration Disposal Facility 
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2.0 OPERABLE UNIT BACKGROUND 

The 100-HR-3 Operable Unit is located in the north-central portion of the Hanford 

Site along the southern shoreline of the Columbia River (see Figures 1-1 and 1-2). The 

southern boundary of the Operable Unit is the southern edge of Sections 21, 22, 23 and 24 of 

T 14 N, R 26 E of the Willamette Meridian and continuing east along the southern edge of 

Sections 19 and 20, T 14 N, R 27 E of Willamette Meridian to the Columbia River. The 

operable unit includes outfall structures and effluent pipelines that extend into the Columbia 

River, but excludes that portion (116-N-3 Crib) of the 100-NR-2 Operable Unit that extends 

north of the southern boundary. The outfall structures and river effluent pipelines are being 

addressed ey &fl BRA as part of the river pipeline Expedited Response Action. 

Since the preparation of the 100 Area Feasibility Study Pha.ses 1 & 2 report 

(DOE-RL 1994a), additional data have been collected relevant to the 100 Area in general, as 

well as to the 100-D/DR and 100-H Areas and the 100-HR-3 Operable Unit. An LFI has 

been conducted and reported in Limited Field Investigation Repon for the 100-HR-3 Operable 

Unit (DOE-RL 1993b). A QRA (WHC 1993d) and a variety of aggregate area studies were 

performed to evaluate risk, cultural resources, the area's ecosystem, the Columbia River, and 

the river sediments . 

.2.1 Lll\DTED FIELD INVESTIGATION 

As f)art ef the LH, 22 ae1.v g-r01:1ad1.vater meftiteriag wells v;ere installed iii the 

100 HR 3 Of)eraele Uflit. These wells were eenstraeted ta helf) defme grel:lfld·.,•nter (}l:!Rlity 

ifl areas ef f)eteatial fll:lBlie er eft¥if:0B:1B:efttlil exri0s1:1re B:BEl immediately dmvagradieB:t ef 

f)rierity s01:1ree 0J_:)eraele 1:1ftit waste sites. 

Gr01:1B:dwater SRIB:f)les were eelleeted frem these wells B:BEl existiBg menitering wells 

(Figures 2 1 B:BEl 2 2) . A tetal ef 262 SRIB:f)les, exel1:1sir.1e ef dl:lfllieates B:BEl srilits, was 

eelleeted 01rer fel:tf rel:!B:ds ef SIHBf)liflg. .AB:alyses were eeB:dl:leted for erganie, iBergliftie, 

aBd i=adieaeti¥e eeB:StitueBts. Seil S&IB:f)les were eelleeted dl:lriag ·well drilliag aetivities aB:d 

&tllily2ed fer f)hysieal tJretJefties . The data deri1t1ed frem t:m:s SflfflfJliflg aB:d aB:alysis effoft 

were 1:1sed ta tJerform a QRA (WHC 1993d). Taeles 2 1 aBti 2 2 tJreseB:t the maxHftl:lfft 

eeneeetr&tieB:S fe1:1B:d ifl the eftft>mil:lm t)ll:lmes, ifl B:elif ri1rer wells, iii St)ri:ftgs aB:d seef)s, RBd 

in the Celumeia Ri1;er fer the 100 H &fld 100 D Areas. · 

.2 • .2 QUALITATIVE RISK ASSESSMENT 

The QR!,. fer the 100 HR 3 Ot)eraele Unit fee1:1ses aft a limited set ef Hl:lfft&fl B:BEl 

ew1if:eB:1B:eB:t!il eXtJeSl:tfC seeB:B:ries. The QR.A tJr01;ides &fl liillilysis that ·.viii aid ifl mekiftg 

defeBSiele deeisieBS regMdiBg the aeed ta eeB:dl:let IRM. 

The QR..i\ used the first ~e reuB:ds ef LFI gr01:1B:dwater SRIB:f)liftg data. The data 

were e11tlftl&ted fer eeB:Sisteftey &fld eefB:fJlillftee with EPA geiclanee (EPA 1989) . Data frem 
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&11 wells were esea te iaefttify a mRXiml:lm eeaceatffttiea. This mRXimwB eeaeentfll:tien was 
thea esed iii the ealeelitieB ef fttilftftB health risk. 

Fer the eeological e•r&lu&tioB, ma:x.HBWB eoaeeatratiea data from aear river v,1ells oH:ly 
were esea. This aam represefttea the best ftlrailaele estimate ef emieefttr&tiens a·,ailaele fur 
eielegieal expeSl:IFe at the gfel:1Bdwateflri¥er iftterf&ee (seeh as sprmgs llB.tl seeps) . 

FreEJeeftt ftBd eeeasioeal ese exposure seeearios were e¥aleated iB the ftHftlaB health 
QRA te pre'•'ide eeeBding estimates ef risk eeBSisteftt •;,iith the resieefttial llB.tl reereatien&l 
exposure seeearios preseBted iii the Hanjorti Site Risk Asses-sRU!Rt Al-ethetiol9g'J (HSRAM) 
(DOB RL 1994e). Hl:IIBRB exp0St:1Fe was limitee te ingestieB ef eefttftmieatee greeBElwater, 
iBB&latieB ef ·,elatile eentamiBams Sl:lriBg water ese, ftBd eKtern&l expesure te £&eieftl:lelides. 

The results of the ftHIBRB health risk estimations fur earemogeas are groeped mto the 
fellowing eategeries eased eB lifetime ifteremefttal eaneer risk (lCR): 

• High • 1 * 19·2 

• Medil:lftl lxlO~to 1 X 10·2 

• l:,a1.,; 1 :it 1~ te 1 X 1~ 
• ~let;i l81W' oCio: 1 X IQ-6-:-

The reselts of the QRA fur ftHftlan health llB.tl eeologieal e·,aluations ai:e preseftted by 
ai:ea (100 D/DR, 100 H, and 600) iB Taeles 2 1 t:hreegh 2 5. HumRB health risk &Ssoeiated 
with the eeeasieB&l ese seeearie ef medieftl er high ICR er a hflx!ftrd iBde:K (HI) • 1 keeps a 
waste site OB the IRM pathway. The results of the eeelegieal risk assessmeBt were e¥alt1ated 
iii terms of OB eeologieal hai5ard EIUOtieftt (BHQ). ABy eoBtaftliflaftt with &B BHQ > 1 was 
idefttified as COPC. 

The freEIUeftt ese seeeario assessmeftt idefttified tritiHm, strefttil:lm 90, ftftlfBeeia, 
eliromium, megaBese, RBd Bitrate as COPC ill the 100 D/DR Area through the mgestioB a-oo 
iflhel&tiea (ftftlffl:enia eBly) patw+¥&ys. Fer the 100 H Ai'ea, tritiHm, eereea 14, streBtieftl 90, 
teelffletieftl 99, efftBil:lm 233/234, efftBil:lm 238, ftftlerieiHm 241, 1HB1Benia, ehlorofurm, 
ehremiH:m, fll:leride, meagBBCse, ftBd Bitrate were idefttified as COPC eBEler the freEIUeftt ese 
seeeario through the ingestioB llB.tl iBhalatioB path•1tays. FreEIUeftt use COPC iB the 600 Area 
were idefttified as tritieftl, erseBie, eBd ehremiHm thr0t1gh the ingestieB patlw.·ay. 

The eeeasienal ese seeearie reselted iB the idefttifieatieB of tritiHm ill the 100 DIDR 
1'\rea, teehBetiwn 99 iB the 100 H Ai'ea, and arsenie ill the 600 Area as hHman health 
COPCs; be·Ne'•'er, it sbeuld be B0ted that &11 ef these COPCs bad ICRs iB the "lovr'' or "yery 
lew" £&Bges. Therefure, B0BC ef these COPCs represeftt &B eeaeeeptaele ffl:lfflftB health risk 
l:IBder this expesure seeBBfie. 

Beelegieal seeBS:ries were e·,all:leted esiBg eielegieal reeepters that li¥e in er acer the 

Cell:lftleia Ri1+1er. The eeelogie&l risk assessmeftt idefttified petefttial risks fr-om 
eis(2 etliylhe;KYI) phthelate, ehremil:lftl, eBd sulfide iB the 100 D/DR Area eased oB 
eJEeeea&Bees of Ameieftt Water Qaality Criteria. IB the 100 H Ai'ea, eliromium, ifoB, aad 
St:11fide were idefttified. These e:iteeed&BCes were eases eB the mRXi.mwB eoaceBtratioBS 
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I deteeted iB tfte ne&F ri1, 1er wells. No ellow&Bee •.,;es mncle for eft11if:0Bmemal fate. These 

· 1 ~ems were Bet itlefttified iB Hie ri·,er; Hie eoneefttretioas &Fe sigftifienfltly redeeed by 

I Hie fflOO:ftg ftftd dik.ttioB eetioB of tfte ri·,er. The QR.A f)reseflts a diset1ssioB of Hie 

I \lfleertai:Bties assoeiated wiHi tfte eeologieal risk assessmeftt. No eeologieal assessmeftt was 

I eoftd\ietee for Hie 600 Area, bee&\i5e Hie groeftd•.,;ater is Bet imf)aeting Hie river. 

I 
I 
I 

While Hie eeologieal f)Ortiofl of Hie QR..t\ eoaservetively estimated risk based OB nea-r 

riYer well eoneefttrfttioBS, BO aBalysis has beeB f)erformed OB Hie risks to salmoB redds aBd 

f:ry m Hie sHBs&te of tfte ri·,•er. Chromium ifl eoneefttrfttioBS above 11 11,g/L f)Otefttielly 

eat1se negefrve imf)aets to tftese reee13tors. Howe,•er, beeat1se clata ere Hftfl'reileble for this 

eeologieal f)aH'tway, greet t1Beertaiflty exists m the f)OteBtial risk essoeietecl with this meclie. 

2.1 LIMITED FIELD INVESTIGATION 

The Limited Field Investigation (LFI) is an integral part of the RI/FS process and is based on 

Hanford-specific agreements discussed in the Hanford Federal Facility and Consent Order 

(Fourth Amendment) (Ecology et al. 1994), the Hanford Site Risk Assessment Methodology 

(HSRAM) (DOE-RL 1995), the RCRA Facility Investigation/Corrective Measures Study 

Work Plan for the 100-HR-3 Operable Unit (DOE-RL 1992c), and the Hanford Past-Practice 

Strategy {HPPS) (DOE-RL 1991). The HPPS emphasizes initiating and completing waste 

site cleanup through interim actions. 

The primary purpose of the LFI at the 100-HR-3 Operable Unit (DOE-RL 1993b) was to 

collect sufficient data to determine if the groundwater below the 100-H and 100-D/DR Areas 

was contaminated to the extent that an interim remedial measure (IRM) was warranted. The 

data gathered during the LFI were also used to conduct a qualitative risk assessment for 

human and ecological receptors (see the following subsection) and evaluate the remedial 

alternatives in this FFS. 

As part of the LFI, 22 new groundwater wells were installed in the 100-HR-3 Operable Unit. 

These wells were constructed to help define groundwater quality in areas downgradient of the 

priority source waste sites in the area, and estimate groundwater quality at locations where 

human and ecological receptors may be exposed to groundwater. 

Groundwater samples were collected from these new wells and existing monitoring wells 

(Figures 2-1 and 2-2). A total of 262 samples, exclusive of duplicates and splits, was 

collected over four rounds of sampling. These samples were analyzed for organic, 

inorganic, and radioactive constituents. Soil samples were collected during well drilling 

activities and analyzed for physical properties. Tables 2-1, 2-2, and 2-3 present the 

maximum concentrations found in groundwater samples, in springs and seeps, and in the 

Columbia River in and adjacent to the 100-H and 100-D/DR Areas. The maximum 

concentrations of the constituents in the groundwater, river, and springs or seeps were used 

to evaluate risks to receptors according to the QRA protocol in the HSRAM (DOE 1995). 
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2.2 QUALITATIVE RISK ASSESSMENT 

A Qualitative Risk Assessment (QRA) was performed as part of the LFI, and determined the 

principal risk drivers at the 100-HR-3 Operable Unit (WHC 1993d). Another purpose of the 

QRA was to qualitatively evaluate human health and environmental e:1tposare seenerios risks 

to help determine if the Operable Unit is a candidate for an interim remedial measure. The 

QRA evaluated risks for a predefined set of human and environmental exposure scenarios, 

and if the estimated risks exceeded certain thresholds, interim remedial measures were 

considered necessary, as described in the HPPS (DOE-RL 1991), to reduce the risks posed 

by the contaminant.c.. The QRA is not intended to replace or be a substitute for the baseline 

risk assessment that will be conducted in association with determining the final action at the 

site. The QRA used the groundwater data from the first three rounds of the LFI sampling. 

The data were evaluated for consistency and compliance with EPA guidance (EPA 1989). 

The QRA considered only two human health exposure scenarios (frequent- and occasional

use) and two pathways (groundwater ingestion and inhalation of volatile contaminants during 

groundwater use), based on the methodology in the HSRAM (DOE-RL 1995). The 
inhalation pathway is evaluated only in the frequent-use scenario because it is assumed that 

exposure to volatile contaminants would occur during domestic water use within the confines 

of a residence, and would not be expected to occur in a occasional-use (recreational) setting. 

The ecological evaluation in the QRA assessed the potential effects of contaminants on 

selected animals present in and near the Columbia River, such as fish and herons. Total 

daily doses to animals in aquatic and riparian habitats from radiological contaminants are 

estimated using the CRITR2 computer code (Baker and Soldat 1992). These eases &Fe theft 
eompftl'ee to the DOE heaehmMk of 1 fft0 13eF Eley (DOE OFEleF 5400.2). FoF the iB.oFgaftie 
ftft6 OFgftfHe eo~. the mftXimlim re13reseftffitive gmaaewatef eoaeeftttations are 
eompafee to EPA' s aeate aBe ehfoe:ie Ambient Water Quality Criteria (AWQC) for the 
t3Foteetioft of &(illatie oFgaftisms. In addition, the ecological evaluation includes a review of 

the contaminants in the Columbia River and the springs and seeps near the river with the 

maximum representative groundwater concentrations. 

For the human health risk assessment, frequent- and occasional-use scenarios were evaluated 

to provide bounding estimates of risks consistent with the residential (frequent) and 

recreational (occasional) exposure scenarios presented in the Hanford Site Risk Assessment 

Methodology (DOE 1995). Hl.ifftaB eKflOS\ire v.•as limitee to i:Bgestion of eontamiflated 
gFO\iE.a'Nfttef, ftft6 iB.hftlatioft of volatile eo~ auFiB.g gFo\ifte•.vatef ase. Lifetime 

incremental cancer risks (ICR) were calculated for the radionuclides and carcinogenic 

inorganic and organic contaminant~, and hazard indices (HI) were calculated for the 

inorganic and organic contaminant~ that posed systemic health risks. AD: IRM greateF thaii 

1 E 04 of a BftxftfEl iftae* gfe&ter thftD: 1. 0 was eoBSideFeEI to he ftD: iftaieatof of risk re(illki:Bg 
aa iftterim remedial measare. EPA geeerelly eoBSieers ICRs in the nmge of lE 06 (oee m ft 
millioB:) to lE 04 (oee iB. teB thO\isene) as Bot reeiairiftg Femeeial aetioB aBless there is a 
potential for offsite migffttioD: of the eontamiD:ant(s), eeologieal risks, or other eJEteD:UatiBg 

eife\ifflstftftees. 
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The results of the QRA for human health risks are presented by area (100-D/DR, 100-H, and 

600 areas)--in Tables 2-4 through 2-6. The risk assessment based on the frequent-use 

scenario identified tritium, strontium-90, ammonia, chromium, manganese, and nitrate as 

contaminants of potential concern in the 100-D/DR Area. For the 100 H Area, tritium, 

carbon-14, strontium-90, technetium-99, uranium-233/234, uranium-238, americium-241, 

ammonia, chloroform, chromium, fluoride, manganese, and nitrate were identified as 

contaminants of potential concern based on frequent-use . In the 600 Area, three 

eeBtamteaets e:Jfeeeded the lB 04 ICR er tile HI ef 1.0 constituents were identified as 

contaminants of potential concern; these were tritium, arsenic, and chromium. 

Based on the occasional-use scenario, only two radionuclides (tritium in the 100-D/DR Area 

and technetium-99 in the 100-H Area), and one inorganic (arsenic in the 600 Area), were 

identified as contaminants of potential concern (Tables 2-4 through 2-5). 

Ecological risks were evaluated based on the exposure of biological receptors that live in or 

near the Columbia River to contaminants in surface water, as a result of contaminated 

groundwater flowing into the river. Sampling efforts at Hanford have shown that it is very 

difficult to get water samples that are representative of the conditions at the groundwater

river water interface. Therefore, for the purposes of the QRA, maximum concentrations of 

the contaminants from near-river well samples were used to represent concentrations 

potentially available for aquatic receptors at the groundwater-river water interface. 

Concentrations of contaminants in the open water column within the river are lower than 

concentrations observed in the near-river wells. However, an important exposure point for 

several aquatic receptors is the river sediments, and the pore water within those sediments. 

The QRA presents a discussion of the uncertainties associated with the ecological risk 

assessment. Ne eeelegie&I risk assessmeBt was eeft<:lueted fer the 600 Area eeeause the 

greunElwater in that area &flf)&refttly flev,s t:hreugh the 100 H Area f)fier te eBteriftg the ri'1er. 

The QRA considered the area between, and including, the 100-D/DR and 100-H Areas. 

The ecological risk assessment, based on the QRA protocol, identified potential risks from a 

few inorganic and organic constituents, but none of the radionuclides were present in 

concentrations that exceeded the 1 rad per day DOE benchmark. The ecological 

contaminants of potential concern that exceeded A WQC included bis(2-ethylhexyl)phthalate, 

chromium, and sulfide in the 100-D/DR Area and chromium, iron, and sulfide in the 100-H 

Area. 

The contaminants of potential concern identified above, for both human and ecological 

receptors, are evaluated further to determine if risks are at a level that warrant an interim 

remedial measure. Fro human health risks, an ICR greater than lE-04 or a hazard index 

greater than 1. 0 is considered to be an indicator of risk requiring an interim remedial 

measure. EPA generally considers ICRs in the range of lE-06 (one in a million) to lE-04 

(one in ten thousand) as not requiring remedial action unless there is a potential for offsite 

migration of the contaminant(s), an ecological risk, or other extenuating circumstances. For 

ecological receptors, the total radiological dose estimated using CRITR2 is compared to the 

DOE benchmark of 1 rad per day (DOE Order 5400.2). For the inorganic and organic 

contaminants, the maximum representative groundwater concentrations are compared to 

EPA's acute and chronic Ambient Water Quality Criteria (AWOC) for the protection of 
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aquatic organisms. If groundwater concentrations exceed the 1 rad per day benchmark or the 

AWQG,-an ecological .risk requiring an IRM was assumed to occur. 

Based on the above analyses, and using an occasional-use exposure scenario for 

humans, the QRA data (Tables 2-4 through 2-7) indicate that human health risks at the 100-

HR-3 Operable Unit do not exceed levels that warrant interim action. However, there are a 

few inorganic contaminants such as chromium that pose an ecological risk requiring an 

interim remedial measure. The ecological risk analyses indicated that mone of the ecological 

receptors living in or near the Columbia River that were addressed in the QRA will receive a 

radiological dose in excess of the one rad per day benchmark (DOE Order 5400.5) . 

Sampling of pore-water from the Columbia River sediments was conducted recently , 

to obtain samples from salmon spawning areas adjacent to the 100-H Area. The samples 

were analyzed specifically for chromium, which is a toxic and mobile contaminant that is 

known to migrate via groundwater into the river. The results of this effort along a 5,000 

foot reach of the river, indicated that at a few locations, the chromium concentrations 

exceeded the A WQC for hexavalent chromium. 

2.3 CULTURAL REVIEW 

As part of a comprehensive cultural resources review of the 100 Area operable unit, 

several archeological surveys have been conducted in the 100-HR-3 Operable Unit. These 

surveys included literature and record reviews, as well as pedestrian surveys of the area. 

Figure 2-1 shows those areas of the operable unit which have been surveyed. These efforts 

were conducted following the procedures set forth in the Hanford Cultural Resources 

Management Plan (Chatters 1989). These surveys have located three historic and five 

prehistoric sites within the 100-D/DR and 100-H Areas that could potentially be impacted by 

IRM activities. 

Two historic sites (3-176 and 3-178) have the potential of being impacted by activities 

in the 100-H Area by construction and support activities associated with remedial actions. 

One historic site, 3-180, and one prehistoric site, 45BN176, have the potential of being 

impacted by activities in the 100-D/DR Area. Four prehistoric sites--45BN147, 45BN148, 

45BN439, 45BN459 and 45BN176--are near the river in the 100-D/DR Area in the potential 

zone of remedial activities. Three of these sites are village sites with pit houses. 

All of the potential impact sites within the 100-HR-3 Operable Unit will need to be 

evaluated for National Register of Historic Places eligibility. Any sites found eligible for 

listing should be avoided during activities or plans for data recovery /mitigation will be 

required. 

2.4 ONGOING ACTIONS 

Aquifer tests are planned for the operable unit as documented in the Aquifer Test Plan 

for the 100-HR-3 Operable Unit (Swanson 1994). New wells were completed in August 

1994, and field tests are scheduled to begin in September 1994. In addition, seven wells in 

2-6 



DOEraJ~l 60~1326 
Draft B 

the 100-D/DR Area were pumped in June 1994 to determine their capacity for producing 

water4n--support of the-treatability test in the 100-HR-3 Operable Unit. The withdrawal tests 

were of short duration, approximately 1 to 2 hours, and produced results siniilar to earlier 

estimates. 
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Figure 2-3. Cultural Survey Areas for the ' 100-D/DR Area. 
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Figure 2-4. Cultural Survey ,Areas for the 100-H Area. 
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Table 2-1. Summary of Maximum Concentrations for Contaminants of 
_ Potential Concern for the 100-D/DR Area. 

Groundwater 
All Near-River 

Contaminants 
Groundwater Groundwater 

Wells Wells 

Radionuclides (pCi/L) 

Tritium 78,000 19,000 
Strontium-90 41(1) 7.6 

Inorganics (mg/L) 

Chromium 2.09 0.44(J) 

Manganese 0.19 0.09 

Anions (mg/L) 

Ammonia 0.75 0.1 
Nitrate 32.7 14.1 

40 CFR 141 (Primary MCL) 
WAC 173-200-040 (Primary MCL) 
40 CFR 143 (Secondary MCL) 

D/DR D/DR Area MCL 
Area Columbia (pCi/L or 

Springs River mg/L) 

3,100 <200 20,000a,b 

4.5 <1 ga,b 

0.12 0.09(U) 0.05b 
0.04(B) 0.07(U) 0.05b,c 

0.l(J) <0.5(UJ) 0.27d 

3.99(]) <0.l(J) 10a.b 

(J) 
{B) 

Concentration in mg/Lat an inhalation Hai.ard Quotient of 1.0. 
Estimated value 
Analyte detected at a concentration below the contract required detection limit but above the instrument 

detection limit. 
(U) Undetected 
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- - -Table 2-2 Summary of Maximum Concentrations for Contaminants of 
Potential Concern for the 100-H Area 

Groundwater 
All 

Contaminants 
Groundwater 

Wells 

Radionuclides (pCi/L) 

Tritium 11,000 
Carbon-14 72 
Strontium-90 33 
Technitium-99 2,270 
Uranium-233/234 26.8 
Uranium-238 18.6 
Americium-241 0.28(]) 

Inorganics (mg/L) 

Chromium 0.49 
Manganese 0.18 

Organics (mg/L) 

Chloroform 0.053 

Anions (mg/L) 

Fluoride 1.3 
Nitrate 760 

Value for total Uranium reported 
40 CFR 141 (Primary MCL) 

Near-River 
Groundwater 

Wells 

7,100 
72 
33 

500 
26.8 
18.6 

0.28(]) 

0.046 
0.002(B) 

0.031 

0.21 
6.9 

WAC 173-200-040 (Primary MCL) 

HArea 
HArea MCL 

Springs 
Columbia (pCi/L or 

River mg/L) 

3,800(1) 400(1) 20,()()()b,c 

NA NA 2,{)()()d 

12.7 0.7(]) 8b,c 

12 3.4 90()d 

NA NA NA 
1.223 0.533 NA 
NA NA NA 

0.052 0.006(U) 0.05c 

0.038 0.012(B) o.05c,e 

NA NA 0.0017c 

0.21 0.45 4.0b,c 

4.58(1) 4.58(]) lOb,c 

a 

b 

C 

d Calculated based on annual average concentration yielding 4 mrem/yr for 2 liter/day daily intake 

(National Interim Primary Drinking Water Regulations, EPA-570/9-76-03). 
e 

f 

(J) 
(B) 

(U) 
NA 

40 CFR 143 (Secondary MCL) 
Concentration in mg/Lat an inhalation Hai.ard Quotient of 1.0. 

Estimated value 
Analyte detected at a concentration below the contract required detection limit but above the instrument 

detection limit. 
Undetected 
Not Analyi.ed For or Not Available 
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- - Table 2-3 Summary of Maximum Concentrations for Contaminants of 
Potential Concern for the 600 Area 

Groundwater 
All Near-River 

600 Area 
600 Area MCL 

Contaminants 
Groundwater Groundwater 

Springs 
Columbia (pCi/L or 

Wells Wells River mg/L) 

Radionuclides (pCi/L) 

Tritium 11,000 (a) NS NS 20,()()()a,b 

Inorganics (mg/L) 

Arsenic 0.012 (a) NS NS 0 .053 

Chromium 0.17 (a) NS NS 0.05b 

40 CFR 141 (Primary MCL) 
WAC 173-200-040 (Primary MCL) 
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Table 2-4. Human Health Risk Assessment Summary for the 100-D/DR Area 

Frequent-Use Scenario b Occasional-Use Scenario c 

Contaminant Type 
Refined 

Incremental Refined 
Incremental 

Cancer Risk or Cancer Risk or 
COPC Hazard Quotient• 

COPC Hazard Quotient• 

Radioactive Tritium 9E-05 Tritium 2E-06 

Strontium-9() 3E-05 

Total ICR for all Total ICR for all 

radioactive contaminants IE-04 radioactive contaminants 3E-06 

Nonradioactive, None of the Nonradioactive Carcinogenic Chemicals None of the Nonradioactive Carcinogenic Chemicals 

Carcinogenic exceeded an ICR of IE-06 exceeded an ICR of lE-06 

Nonradioactive, Ammoniac 30 None of the Inorganic or Organic Chemicals 

Noncarcinogenic Chromium 3 exceeded a Hazard Quotient of 1.0 

Manganese 2 

Nitrate l 

Hazard Index 37 

a Based on maximum contaminant concentrations in groundwater. 

b Frequent-use scenario is based on residential exposure parameters (DOE-RL 1995). 

C Occasional-use scenario is based on recreational exposure parameters (DOE-RL 1995). 

d The inhalation pathway is evaluated for volatile nonradioactive contaminants only. 

e Ammonia is evaluated in the ingestion and inhalation pathways. All other contaminants are evaluated in the ingestion pathway 

only . Also, the laboratory analysis and reporting for ammonia may not be the same as the use in the reference dose for 

ammonia; associated risks may be over-estimated . 



Table 2-5. Hmnan Health Risk Assessment Smnmary for the 100-H Area 

Frequent-Use Scenariob Occasional-Use Scenario c 

Contaminant Type 
Key 

Incremental Key 
Incremental 

Cancer Risk or Cancer Risk or 
Contaminants Hazard Quotient• 

Contaminants Hazard Quotient• 

Radioactive Tritium IE-05 Technetium-99 lE--06 

Carbon-14 lE--06 

Strontium-90 3E-05 

Technetium-99 6E-05 

Uranium-233/234 9E--06 

Uranium 238 lE--06 

Americium-241 lE--06 

Total ICR for all Total ICR for all 

radioactive contaminants lE-04 radioactive contaminants 2E--06 

Nonradioactive, 
Chlorofonnd 

None of the Nonradioactive Carcinogenic 

Carcinogenic lE-05 Chemicals exceeded an ICR of lE--06 

Nonradioactive, Ammoniac 1 None of the Inorganic or Organic Chemicals 

Noncarcinogenic Chromium 6 exceeded a Hazard Quotient of 1.0 

Fluoride 1 

Manganese 2 

Nitrate 7 

Hazard Index 17 

a Based on maximum contaminant concentrations in groundwater. 

b Frequent-use scenario is based on residential exposure parameters (DOE-RL 1995). 

C Occasional-use scenario is based on recreational exposure parameters (DOE-RL 1995). 

d This compound is a common laboratory contaminant, therefore the concentrations identified for this compound may not 

be representative of groundwater in the 100 H area, and the associated risks may be over-estimated . 

e Ammonia is evaluated in the ingestion and inhalation pathways. All other contaminants are evaluated in the ingestion 

pathway only . Also, the laboratory analysis and reporting for ammonia may not be the same as the use in the reference 

dose for ammonia; associated risks may be over-estimated . 



Table 2.6. Human Health Risk Assessment Summary for the 600 Area 

Frequent-Use Scenario b Occasional-Use Scenario c 

Contaminant Type Key 
Incremental Key 

Incremental 

Cancer Risk or Cancer Risk or 
Contaminants Hazard Quotient• 

Contaminants Hazard Quotient• 

Radioactive Tritium IE-OS None of the Radioactive Chemicals exceeded an 

ICR of IE-06 

Total ICR for all 
radioactive contaminants IE-OS 

Nonradioactive, Arscnicd 2E-04 Arsenice SE-06 

Carcinogenic 
Total ICR for all Total ICR for all 

radioactive contaminants 2E-04 radioactive contaminants SE-06 

Nonradioactive, Arsenic 2 None of the Inorganic or Organic Chemicals 

Noncarcinogenic Chromium 2 exceeded a Hazard Quotient of 1.0 

Hazard Index s 

a Based on maximum contaminant concentrations in groundwater. 

b Frequent-use scenario is based on residential exposure parameters. 

C Occasional-use scenario is based on recreational exposure parameters. 

d The ICR for arsenic includes background contribution. The ICR for arsenic subtracting background contribution is 

3E-OS. 
e The ICR for arsenic includes background contribution. The ICR for arsenic subtracting background contribution is 

6E-07 . 
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Table 2-7. Ecological Risk Assessment Summary for Radionuclides. 

Radionuclides Near-River Wells · 

Dose >EHQ 

100-D/DR 

Americium-241 Not Detected 

Carbon-14 Not Detected 

Strontium-90 NO 

Technetium-99 Not Detected 

Tritium NO 

Uranium-233/234 NO 

Uraniwn-235 Not Detected 

Uranium-238 NO 

Total Dose NO 

2T-13 

100-H 

NO 

NO . 
NO 

NO 

NO 

NO 

NO 

NO 

NO 
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Table 2-8. Ecological Risk Assessment for Nonradionuclides. 

-
Chemical Near-River Wells 

100-D/DR 100-H 

Bis(2-ethylhexyl) phthalate Above Chronic LOEL- Not Detected 

Yes 

Barium Above Background - No Above Background - No 

Value for LOEL Value for LOEL 

Chromium Above Acute and Chronic Above Acute and Chronic 

LOEL-Yes LOEL- Yes 

Fluoride Below Background No LOEL 

Iron Below Background Above Acute LOEL 

Nitrate as N No Value for LOEL No Value for LOEL 

Manganese No Value for LOEL Below Background 

Sulfide Above Chronic LOEL ,- :' Above Chronic LOEL-

Yes ·' Yes 

Vanadium No Value. for LOEL Below Background 

Note: All other concentrations were below the Acute and Chronic LOEL or below background levels. 
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3.0 REMEDIAL ACTION OBJECTIVES 

Remedie.l e.etieB eejeeti:Yes (lll\0) e.re mediwn Sfleeifie er eflere.ble t:H'lit 

Sfleeifie eejeeti:Yes fer preteetiflg ftlHBB.B hee.lth 8:B8 the eB:YireBmeftt. The R.AOs e.re 

be.sed eB the 18:BS ase, COG, AR.AR, 8::8El e:Kf)esure fle.thwe.ys . They Sfleeify 

remediatieB geals se that an &flf"F0flriate raBge ef remedial Ofltioft!l eaB he de;ieloped 

fer B.B&lysis. This seetioB flreseats the Stefls taeft ift reflftiBg the iffltie.l R.AOs 

(defmed iB the 100 Aree. FS [DOE R.L 19948:]) be.sed eB e. mere theroagli e11e.lae.tioB 

of the 100 Afee. grol::l:fttiwe.ter opere.ble amt de.te. from the LFI reflorts. 

The R.A:O refmemeftt 13roeess begifts with the refmemeftt of COPC fer the 

greaBElwe.ter eflere.ble 1:1ftit. This iftferme.tioa is used to ensare the.t remedie.l 

e.ltefft8:ti1•1es beiflg eeBSidered iB this FFS ee.n e.de(tl:le.tely e.ddress the types of 
eemamioaRts &BG te faeilite.te the refmemeftt ef AR.AR. Tue RP.:Os also pro;iiee the 

be.sis fer de11elefliflg the GR.A the.t wm se.tisfy the oejeeti11es of preteeting ffllman 

hee.lth 8:B8 the eB¥ireBmeftt. Tue R.AOs e.re defmed e.s s13eeifiee.Uy e.s pessihle withe1:1t 

limitiflg the £8:Bge ef GR.A t:hat ee.B be 8:flf)lied. 

The R.AOs fer f)reteetiftg ftlHBB.B reeef)ters e:Kf)ress beth e. eeate.mfflB.Bt le;iel 

8:B8 e.B e:Kf)esure reate. Remedie.l e.etiea eejeeti;ies fer flroteetiflg the eB¥irenmeftt e.re 

e:Kflressed ift terms ef the meditim ef iftterest e.nd te.rget elee.B tifl le;iels, bee8:tise the 

iftteftt ef the remedial aetiea is to presen•e er restore the medium ef iftterest. 

Remedie.l e.etieB eejeeti11es e.re be.sed eB GER.CL<\. g1:1ide.Bee (EPA 1988). Tue 

felle111iftg e.re e.ssumptieas used te de•telefl R,A,Qs fer the 100 HR 3 Oflere.ble Uftit. 

e 

e 

e 

e 

Tue me.ift eejeeti¥es e.re the flreteetieB ef the fr1er e.BEl the e.be.temeftt ef 

migre.tieB ef eeftte.ffliBe.ted gre1:1Bdwe.ter f)l1:tmes e1:1tside tlte epere.ble 

HBit:-

Tue reeree.tieBe.l e:Kf)esare seeBe.rio is e.ss1:1med. 

Tue IRM will eeftt:HR:le te the yee.r 2008, e.t Yrliieli time the fine.I e.etiea 

fer the epere.ble amt will be implemeated, er aatil eleafttifl geals are 

met. (This e.ssHmfltieB is fer eestiftg p1:tffleses e.BEl dees aet represeftt 

the f1:B8:l elee.BHf) fleried.) 

Based eB the QR.A fer tlte eeeasioaal 1:1se seeaario, all ideatified COPC 

were witltift e.eeCflte.ble risk £8:Bges (i.e. , ifteremeftte.l ee.neer risk ef 1 * 
W4 te 1 * 10-6 er e. lie.-afd Ell:letieftt [H~ < 1). 

The R.AOs fer ewlireftffleftte.l preteetieB e.re e.s felle1Ns. 
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I 

e CoB:tr-el groafttl•;;&ter mo'f'emeftt to f)re¥eftt the release of COG from 

gt=01:1fttlwater to sarfeee water that woalel resalt ifl eoeeefttfations iH the 
ri•;er e:1teeediflg Ameieftt Water Qaality Criteria 

I 
I 
I 

e 

e 

Pre•f1eBt dest:R:!etioB of eritieal habitat, miBimi:2e dest:R:!etioB of 
BOBCritieal habitat, ftft8 f)re\1eftt ael,•erse HBf)BCts to threateeeel or 
eft88ftgered Sf)eeies. 

Pre•.«eBt eresioB of soil dariftg remediatioft that woald eofttribate to 
smfaee water eoBCefttf&tioHS greater thaB Ameieftt Water Qaality 
Criteria for the COG ifl sarfaee water. 

DiseassioB Sl:lf)f)Ortiflg the RAO is gi¥eB ifl the s1:10seetioHS below. 

3.1 LA.."'ID USE 

Alth01:1gli the QRA ases fref:11:ieftt ftft8 oeeasioft&l ase seeftft.rios (eorresf)OHding 

to residefttial ftft8 reereatioft&l ases, resf)eetively), there are HO residefttial or 

recreatioB&l led uses ifl the 100 Area at this time. The Hanford Fatere Site Uses 

Workiflg Grol:lf) (HFSUWG 1992) recommefttled that the 100 .i\rea be eoHSidered for 

the foUo•;;iflg fol:lf f)Otefttial futere lftft8 ases: 

e 

e 

e 

e 

Nati:ve Americe uses 

Limited reereatioft, reereatioB related eommereial ases, afttl wildlife 

B 'Reactor as a ffll:lsetimlvisitor ceftter 

Wildlife aBd reereatioB. 

NoBe of the grol:lf)' s recommefttlatioBS ifleladed f)Otefttial fittllf'e resieemial use 

by defmitioB; liowe·f•er, the seeffllrios iRelade a ffl:ftge of restricted &Bel unrestrietee 

uses. The DOE earreBtly limits the aeeess to the 100 .i\rea; this aeeess restrietioft is 

assl:tffled to eofttHll:le dariftg the IRM f)eriod. Therefore, for f)Hff)Oses of the FFS aftd 

gi:veB the relative timeframe of the IRM, the reereatioea-1 seeeario will be used to 

detef'fflifle remedial aetioft goals for the IRM. As defied ifl the f)ast f)fftetiee 

str&tegy, the 100 ,t\Fea will be reevalaated ifl the fittere (By methods iBCladiBg a 
eofflf)relieesi•;e baseliBC risk assessmeftt) for removal from the NPL. Lftft8 ase will be 

re,•isitee at that time. 

This seetioft refers to two groaf)s of eoRtafflioaats: COPCs and COCs. The 

flfst grol:lf), COPCs, was iflitially ielentified ifl the LH (DOE RL 1994e) as 
eontemioaets with the :potefttial of haviflg BB ad,•erse Hltf)aet OD liumftfl health or the 
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I eft'IH'0ftfflent Th I f . e seeeaEl gi'0Hfl eeBSisa ef th . i :.:;oPGs. ltt-llke eeelei<t of FFS, GOGs fife~ GOGs, Wftlelo..., ,eliBe<I fuam the !isl 

. • --esse& lly remediel eeliaes. GERCU . ase eaeshllle!!IS lftllt fflllst he 

I BBl!llf<i011s _WIIS!e siles he J'f0l!!Bli¥e of mi:;,:~1• lftllt aeaaes selee!e<I 18 ..,,..Qiele 

I :!'.\'art fltis l'e'l'fil'eteeel, GOPGs ieeelHie<I HI :, ':: the ""'""""11EH1. 1tt eflier 18 
I fife ,eli,,ed 18 GOGs !er the 

I 
I 
I 

The COPCs 1Nere determmed ifl the LH fer both mimaB aREl ecoloeical · 

reeef)tofS eased ea the QRA ftfttl &dditieB&l &B&lysis ef the d&t&. Fer the 

eee&sieB&l tise seeft&rie (eerresfJeaEliflg te reere&tieB&l tise), ae fttlffl&B health COPCs 

were ideatified ifl the QRA. It shetild ee Beted tlt&t the ecelegic&l COPCs were 

idemified ifl the aear fr,1er wells . This reSHlted ifl a ¥cry coBSer¥ati•.ie COPC list, 

eec&Hse the risks &sseciated with the &cat&l ri•.ier/gretiaElw&ter iflterf&ce hes aet eeen 

deteflftfflCd er ae &llew&Bce ft&S eeea made fer mixmg &Bd di-ltitien ef the cent&mHlftf:l:t 

eeBCe~ieBS ey the ri•,er. =Hie f}l:l&ntifie&tiett ef risk &t this imerface wotild aid iB 

tindersamdiflg the real threats to the eB¥if:OBftleftt so that the~· cotila be more J>roperly 

addressed. 

The COPCs were idemified iH the QR.A es felle•.vs: 

• 100 H Are& Beelegic&l: chreftl:ftlffl, if:en, &nEI stilfide 

• 100 D/DR Are& Beologic&l: bis(2 etllylhe:11.yl) fJfttftal&te. chrofftfl:lm ----·-, 
aflEl SHlfiae 

• aOO Area HlHB&B health: arsenic . 

As f)art of the P:E<S, the COPCs are further e•.ialaatea to eESare that 

remediatiea addresses the me.jar centamifl&nts. Based en this analysis, SHlfiaes, 

eis(2 ethyHle:11.yl) flatlt&late, if:ea, B.Rtl ersenic ere not inelaaea es centaminana of 

ceacem (COCs) ifl this PPS fer the fellewiflg re&soBS 

• :~~nic . _Ne H&Bferd Site relates tises ef arsenic &re lrne"l+"n. The aOO 

• k:l'C& fJ8ftteB ef l 00 HR 3 Of) ~~ PIHJ'OSOS prier 18 :,::
1 
., .. IISe9 eJ!leesi'ilely !e, 

.:::.!:" <I ttseil as • pestiei<lell!eAOieide. !le Th"!':':";'• IIBli llfS4!ftie HHljl 

e m the QRA., ineltiaea a «:Jr erserac, as 
ICR fer ersenic is aE 07 ... hen e tt e eeekgretiaEl centtieatiea Th 
Th" · I · w aek-g'"" <I . · e 

HS ns, ts well .. ,ithifl tlr ~ fr contrtetitiens ere s 8 
o e &cceot&Ble lO~ risk le¥el ti tr&ctea 

• Bis{~ etliyllte:11.yl) vath&late The a&t& f; . er thts coBStiatent &re aet 

C0fl:StStent. The hits me I' "J" · . .. re fll:l& ifiea with "B" . 
•• <jU&HHCfS Eesl!m&leil Y&lees 

81 
!Ir 9 

. IJ>lllflk e0Btitm1uo<iaft) IIBli 

,alaes of the eoBStiateftt are Bet a re~ et~ct10n hmit). The erratic 
&re mere likely & reSHlt ef lee eetion of af}l:lifer coaaitioBS eat 

eratery cent&fflfflatien . 
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I - ,-
1 

e lfon Oftly ~ee samples taen iii 1993 and 1994 hae eoneentratioas 

aeo·.se the emonie Ameient Water Q1:1ality Criteria of 1,000 µg/L. AH 

three samples were taken from wells eofflf:)leted with el¼fBon steel 

easing. Ose SBffif:Jle v.1as eolleeteEl from ·.veU H4 4 in Jaooary 1993; its I 
I 

e 

· eoneentration ·w1as me&StH"ed to ee 18,000 µg/L. The ne:K:t highest 

eoneentr&tion iB e. sample from that wen we.s 1,€i00 µg/L, mee.s1::1ree in 

Sef'temeer 1993. The most reeent eoneentre.tion mee.sl::lfee iii e. sample 

from that well was 180 µg/L, meaSHree in Jase 1994. Twenty se11ea 

ifen S&mf'les were eoHeeted from well H4 4 daring this time f'eriod. A 

sample eoHeeted iii .tq>rH 1993 from well H4 5 hae a eoneentre.tion of 

1,100 µg/L for iron. The ne:K:t highest eoneentre.tion in e. S&mf'le from 

that well v.ias 530 µg/L, measl::lfee iii JaBaary 1993 . The most reeem: 

eoneentre.tion mee.SHree in e. sample from that v.ieH we.s 380 µg/L, 

mee.s1::1reEl iii e. S&mf'le eoHeeteEl iii Pq>ril 1994. Ten samples were 
eolleetee from 1NeH H4 5 in this time ffftffle. 

81::1lfides 81::1lfides were not Eleteeted ( < 1 mg/L) iii most of the samples 

Fef'Orted iii the Hlfflford BlwiroflfflefttBl lnforme.tion System (HEl8). Of 

101 samples &BS:lyzee for s1:1lfiees iii the 100 H Area, 5 samples were 

eelo1+v 1 mg/L 8li0 1 SBffif:Jle was aeo·.ie 1 mg/L (this sample, at 2€i 

mg/L, we.s eetefflliftee to ee iiieonsistent e.nd elimine.ted from 
eonsieer&tioB iii the LPI). The reme.HiBer of the samples hoe 

eoneentr&tions of 1 mg/L, 14 of whieh were fll:l&lifiee with noneeteet 

fll:Jalifiers. The eata show oBly random eeteets at the eeteetioa limit. 

Therefore, s1:1lfiees will ee e:K:el1:1eee from the PPS 1::1Btil e.eeitioB&l ee.ta 

&fe e.·.se.ilaele showmg them to ee tmly f'reseBt. 

3.3 APPLICABLE OR RELEVA..""IT A..'ffl APPROPRIATE REQUIREMENTS 

SeetioB 121 of CER:CLA reet1:1ires that any remeeie.l e.etion seleetee for e. 

Sl:lf'erflind site ee f)roteeti·.ie of humaB health e.nd the en11irofHB:ent. A eofflf:)onent of 

8:ft e.etion' s f'roteeti11eness is its aeility to eofflf:)ly with ARAR. AB ARAR is e. 

f'romulge.ted Peeere.l or state ew.1ifeB1BefttBl ele&ftl:lf) staftee.rd, standard of eontrol, 

SHestanth1e eft'+'iroflfflente.l f'FOteetioB refll:JiremeBt, eriterie., or limitation. It Hll:ISt ee 

ose of the follo·w1mg: 

e 

e 

''l'q>f'lieaele" (i.e. , Sf)eeifiee.Hy e.eeressmg the S1::1Bstanees, loee.tion, or 

e.etion eeing eonsieeree) 

"Rele·.se.nt e.nd &f'f'rOf'ri&te" (i.e., e.eeressing e. sitl:le.tion SHffieieBtly 

simil&f to ose eneo1::1nteree e.t the CER:CLA site that its use is well 

SHiteEl te the f'&rtie1:1l&f site). A st8:ftee.rd or eriterion must ee eoth 

rele11ant 8ll0 &f'f)ropriate to ee BB A.RAR. 

There e.re three eategories of ARARs, e.s follows: 
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I e Chefflieal seee•~e A n A n • · m nNi .... , ffl:lffleneal .. ah:1es or meth 8 l · 
- ,___, - det · i... ' 0 0 ogtes asea to 

efffltftC aeeer,tftole eoaeeftfflttioBS of 8 eoBtftfBHl£tftt 

I 
·1 
I 
I 
I 
I 
I 

e 

e 

Leee!ie"..::eeifie M!AR R!ljHifeteeel& !hat die!Ble er R!striet eelieRS at 
or sa_~oHB mg the CB&CLA site eeeftl:lse of seBSithie or aBiqae 

eOBtbt10BS 

A t" . . i _,e _108_ Sf)eeific A~t\R techBology or activity easee reqairemee.ts or 

HBttftttOBS OB aettoBS tftlfeB with respeet to ~oas waste. 

I 
I IB aeditioB to ARAR:s' to ee eonsiaerea (TBC) . a&f . 
I Boeproffll:llgatee erite · 0... . . . gai aee eoBS1sts of 
I gaid&Bee is BOt leg&H;ah~~o~:~ gu1eleh:s, or proposeel regalatioes. Sinee TBC 

I 
. . , r oes BOtlflYe the status of \R \R:s. h ... ., TBC 

ftfC tdee.t:ified B:Btt eoBSidered if t\R4R tl . 
1 ~ ,ewe• er ,s 

I eeaeem, or if en ARAR ftlose .:.~tl e.o: 
8
Bot e;:s~ fer tbe saesta-Rees or situatioes of 

I w e sa e1eBtly proteeti11e. 

I The ARAR:s ft:ft8 TBCs ased iB the ftfl&l · · f I · 
I epemele aflit FFS ftfC ieleBt.ified iB A • 7s1s o a temnt_P•'es fer the groafttl•.,-.iater 

,t\RARs B:Btt TBC f th co , IJ3pefttlHC a. Teele 3 1 hsts the ehemieal SJ3eeifie 
s 13r rue ~PCs fer the eperaele Hait. 

I the geseratioe. of low le¥el er ffiiitefl :.,:;e remeeltftl alt:fftftti•,res may resalt iB 
I W0l:lld atili2e th E •. · w . . The preposed disposal fer these wastes 

The HftJ:!lemeBt.Miee. ft:ft8 operati f th 

I 
.. H el 7' 4\ylff)BffleBt.ftl RestefftttOft DiSJ30Sftl Facility (ERDF) If ERDF . 

\:lB&va a e to meet the reqaired scheEll:11 th . . . ts 
I woald ee ased ~il th PPD .~ e,ee. exiStmg facilities (sack as W G25) 

HB l.&Je :cm:,.-F 1s a,•atlaele Toe \R \R:s d TBC f 
I BOt iBe~ded iB the ARAR taeles fer the FFS. ~~ar-e . Wrs 13r the. ERDF are 
I Remetii-al ln1,ies#.g-atilH't anti i%tlsihili . & . Y +'. msteatl_ addressed 1B the 
I Dispe5-al Facility (DOE RL 

1994
d) t}~riittly Repeft JOf' lh~ ~·;,renmental Resleffllien 

I de•,reloped for ERDF. .raste aeeer,t&Bee entena ha:Ye e.et yet eeea 

I 
I 
I 
I 
I 
I 
I 

3.4 PRELmnNARY REl\lEDl.!...TION GO \LS A "'1D POINTS OF 
COMPLIJ ...... ~CE 

1 

a. 

pereei,•ed threat is te the eggs B:Btt fry of the fi h th ~ ~ee~see greatest 
at the d , · • 9 ' e peHlt 0 eomphllB:ee shoalel ee 

gfOl:lfrWateFrn:Yer tBt.erfaee. Ho•.,-.ie:yer' meftiteriBg of this iBt. Fii . . 

Beeftl:lse preteetioe. of the ri¥er is the goal of the FFS B:Btt e th 

~!Ce• !he !1f8P8sed peiBt ef ••IBJ>li....., oeesists ef !he sear,;-::~:,: ':.,lffi...it. 
- e med 1B the oR A Th 1- • v " , 

. x¾l '· ~ pre HBIBBfY refflediatiee. goal (PR-G) fer thi 1. 
petBt. meald ee 5G g 'L d . s eomp tanee 

I . tlr .T . p .; P. ,, meBS\:lre 1B two eenseel:lti'••e Sflfflplmg rel:lft8s, as estaelished 
m e . R alt}, ,gre~meBt. Chae.ge Cee.trol Ferm M 15 93 G2 (Beolo . et al 

I ~ eeBeeBIFll!l8es Belew !he s!Heei& An,i,ieet Wale£ Qt,a!Ky ~.~ !~~l-
1 p.g, L, as measared 1B the Sl:lestfftte, are eeBSideretl altemate PR.Gs Th PRG 

i =- se,eeeieg efiteRa fer !he FPS. FiH&I R!lllt!<lie!ieB ~eals ~ :e'".et ;., :... 

I 
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I 3.1 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES 

- • -

Remedial action objectives are based on CERCLA guidance (EPA 1988), and 

are general descriptions of the objectives the remedial action is expected to 

accomplish. The remedial action objectives provide a basis to evaluate the ability of a 

specific remedial alternative or interim remedial measure (IRM) to achieve 

compliance with ARARs or an intended level of risk to human or ecological 

receptors. Remedial action objectives, therefore, are developed before evaluating 

remedial alternatives or IRMs. The remedial action objectives are defmed as 

specifically as possible, without limiting the range of IRMs that could be applied, and 

address the following: 

- The media of interest (groundwater) 
- The types of contaminants at the site (radionuclides, inorganic 

chemicals, and organic chemicals) 
- The potential receptors (humans and ecological receptors) 

- The possible exposure pathways 
- The levels of contaminants acceptable after remediation 

Remedial action objectives were initially developed in the 100 Area Feasibility 

Study Phases 1 and 2 report (DOE-FL 1993a) for soils, solid wastes, groundwater, 

and riverbank sediments. Because this Groundwater FFS addresses actions primarily 

to remediate groundwater (in order to protect riverbank sediments and surface water 

in the Columbia River), the initial remedial action objectives for groundwater and 

surface water as presented in Table 4-2 in the Feasibility Study Phases 1 and 2 report 

(DOE-RL 1993a), serve as a starting point for this Groundwater FFS. These initial 

remedial action objectives have been refmed below in light of the additional 

information that has become available since the Phases 1 and 2 Report was completed. 

Once the remedial action objectives have been established, they can be 

numerically expressed as preliminary remediation goals. For this FFS, the 

preliminary remediation goals are chemical and radionuclide concentrations in 

groundwater and surface water that protect human health and the environment. These 

preliminary remediation goals consider exposure pathways, the locations where the 

receptors come in contact with the contaminants of concern, and the mechanisms 

whereby the receptors take up the contaminants (e.g., ingestion or exposure to 

ionizing radiation). The numeric remediation goals developed in this Groundwater 

FFS are preliminary and serve as a basis to define the extent of co11tamination, to 

compare interim remedial measure alternatives, and to establish a set of goals for 

monitoring the progress of the interim remedial measure that will be implemented. 

The fmal remediation goals will be defmed when fmal land use and appropriate 

exposure scenarios are defmed. 

The assumptions used to develop the remedial action objectives for the 100-

HR-3 Operable Unit are as follows: 
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I o The main objective of the interim remedial action at the 100-HR-3 

Qperable Unit is protection of ecological receptors in the Columbia 

River and abatement of migration of contaminated groundwater to areas 

outside the Operable Unit. 

- 1--

o To estimate human health risks, an occasional use exposure scenario 

was considered most appropriate for the interim remedial measure 

period. Other exposure scenarios, including frequent use, will be 

addressed in additional IRMs or selection of the final remedy. 

o The results of the Qualitative Risk Assessment (WHC 1993d) for 

human health, using the occasional use scenario, indicated that none of 

the potential contaminants at the 100-HR-3 Operable Unit exceeded an 

Incremental Cancer Risk of lE-04 or a Hazard Quotient of 1.0. The 

QRA for ecological receptors, however, indicated that some 

contaminant~ exceeded an Environmental Hazard Quotient of 1. 0. 

Therefore, the contaminants at this Operable Unit are a concern 

because of their potential ecological risks, not because of their potential 

human health risk. 

o The IRM will continue for several years, during which time the final 

action for the Operable Unit will be evaluated, selected, and 
implemented. As long as wastes remain within the Operable Unit, the 

CERCLA requires a review of the interim or final remedial action at 5 

year intervals. For estim&ti:ftg eosts to eo1ftf1e:re the altem&tives, the 
oper&tioft RBa maiftteBR:Bee eosts are eases OB a 5 year perioa. 

The remedial action objectives of the 100-HR-3 Operable Unit are: 

o Control groundwater movement to prevent the release of contaminants 

into surface waters that would result in concentrations in the Columbia 

River in excess of EPA' s Ambient Water Quality Criteria (EPA 1986). 

o Control groundwater movement to preclude the release of radionuclides 

in the Columbia River that would result in a dose to an ecological 

receptor that would exceed 1 rad per day. 

o Prevent erosion of soil during remediation that would contribute to 

surface water concentrations exceeding AWQC. 

o Prevent destruction of sensitive wildlife habitat, minimize the 
destruction or disruption of wildlife habitat in general, and prevent 

adverse impacts to threatened or endangered species. 
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Hanford Site Land Use. The Hanford Site encompasses 1,450 square 

kilometers (560 square miles) and includes several DOE operational areas. The major 

areas are: 

- The entire Hanford Site has been designated a National Environmental 

Research Park. 

- The 100 Area, bordering the south shore of the Columbia River, is the 

site of the nine retired plutonium production reactors. The 100 Area 

encompasses about 68 square km (26 square mi). 

- The 200 West and 200 East Areas are located on a plateau about 8 and 11 

km (5 and 7 mi), respectively, from the Columbia River (Figure 1-1). 

These areas have been dedicated to waste management and disposal 

activities. The 200 Areas cover about 16 square km (6.2 square mi). 

- The 300 Area, located just north of the City of Richland, is the site of 

nuclear research and development. This are encompasses 1.5 square km 

(0.6 square mi). 

- The 400 Area is about 8 km (5 mi) north of the 300 Area and is the site 

of the Fast Flux Facility formerly used in the testing of breeder 

reactor systems. Also included in this area is the Fuels and Material 

Examination Facility. 

- The 1100 Area includes the 3000 Area and Hom Rapids Landfill. It is 

used for Hanford Site support services. 

- The 600 Area includes all of the Hanford Site not occupied by the 100, 

200, 300, 400, or 1100 Areas. Land uses within the 600 Area include the 

Fitzner-Eberhardt Arid Land Ecology Reserve, a U. S. Fish and Wildlife 

Service wildlife refuge, support facilities for controlled access areas, 

and other lands leased to the State of Washington and the Washington 

Public Power Supply System (Cushing 1994). 

100 Area Land Use. Existing land use in the 100 Area includes land with 

support facilities, land for waste management, and undeveloped land. Facilities 

support activities include operations such as water treatment, storage of nuclear fuels, 

and maintenance of the reactor buildings. The waste management use results from 

past-practice waste sites such as the contaminated soil and solid waste sites. There 

are undeveloped lands located throughout the 100 Area. These undeveloped lands are 

the least disturbed areas, contain very few structures, but do include roads and other 

infrastructure. The immediate shoreline of the Columbia River is largely undeveloped 

and is a valued ecological area. 
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The Hanford Future Site Uses Working Group (DOE-RL 1992a) has 

recommended that the 100 Area be considered for the following four future use 

options: 

o Native American uses 
o Limited recreation, recreation-related commercial use, and wildlife use 

o B Reactor as a museum and visitor center 

o Wildlife and recreation. 

Furthermore, the Final River Conservation Study (National Park Service 1994) 

and Environmental Impact Statement for the Hanford Reach of the Columbia River 

(National Park Service 1993) has proposed that the Hanford Reach of the Columbia 

River and approximately 102,000 acres of adjacent lands be designated as a National 

Wild and Scenic River and a National Wildlife Refuge, respectively. 

None of the Working Group's recommendations included potential future 

residential use by definition; however, the scenarios include a range of restricted and 

unrestricted uses. The DOE currently limits the access to the 100 Area, and this 

access restriction is assumed to continue during the IRM period. Therefore, for 

purposes of this FFS, and given the relative timeframe of the IRM, an occasional-use 

scenario has been used to determine remedial action goals for the IRM. As defined in 

the Hanford Past-Practice Strategy, the 100 Area will be reevaluated in the future for 

removal from the National Priority List. Land use will be reevaluated at that time, 

including a comprehensive baseline risk assessment. 

3.3 RECEPTORS AND EXPOSURE PATHWAYS 

Because remedial action objectives can be met by reducing contaminant 

concentrations at the site and/ or by reducing or eliminating exposure to those 

contaminants; the receptors, exposure pathways, points of contact, and uptake 

mechanisms must all be considered during development of remedial action objectives. 

This section describes the receptors and exposure pathways considered in the 

development of remedial action objectives and the assessment of risks for the 

groundwater Operable Unit. 

Human Health Risks. The HPPS promotes the use of interim remedial 

measures to expedite the reduction of human health or environmental risks, if those 

risks exceed certain benchmark values and the proposed IRMs are consistent with the 

possible final action at the Operable Unit. At the 100 Area Operable Units, DOE will 

retain control of the land during the time that the IRMs are implemented and 

operated. Therefore, land use controls, similar to existing conditions, are expected to 

continue throughout the IRM period. These land use restrictions preclude residential 

use of the land in the 100 Areas, and limit public access to the 100 Areas. 

The Hanford Reach of the Columbia River, adjacent to the 100 Areas, is open to the 

public for recreational uses such as fishing and water skiing, but use of the land along 

the river is restricted. Since there are springs and seeps along the river shoreline 
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I where groundwater surfaces and flows into the Columbia River, there is the potential 

I-for-humans to eccasionally come in contact with contaminated groundwater. 

However, during the time that the IRMs are conducted in the 100 Areas, frequent-use 

exposure scenarios like the residential scenario described in the HSRAM (DOE-RL 

1995) are not appropriate for assessing potential risks to humans, or for comparing 

the relative risk of the possible interim remedial measures. The occasional-use 

scenario, based on the recreational-use scenario described in the HSRAM is 

appropriate for the IRM time period, and is used in this FFS to determine if risks at 

the 100-HR-3 Operable Unit exceed levels that would require the use of an IRM. 

The occasional-use scenario also provides appropriate human health risk estimates for 

comparing the relative risks of the remedial alternatives considered for interim action. 

For the purposes of establishing the preliminary remediation goals, the human 

receptors are assumed to be limited to individuals that will visit the site for 

recreational or other occasional-use purposes. Site workers who would work in the 

area to conduct the remediation are not considered as receptors for purposes of 

developing preliminary remediation goals because the preliminary remediation goals 

defme site conditions after remediation is completed. Short-term risks to workers 

who will be involved in the remedial actions are addresses in Section 5.?.? in this 

Groundwater FFS. 

Ecological . Risks. The Hanford Reach of the Columbia River, including the 

land adjacent to the river, is a valuable ecological resource largely because the natural 

habitats have been preserved as a result of the establishment of the Hanford Nuclear 

Reservation. Ecological receptors in the area, with respect to contaminated 

groundwater, include fish and aquatic macroinvertebates living in the river; muskrats, 

waterfowl, and shorebirds that use the river and adjacent marsh areas; and predators 

such as herons and mergansers that eat fish. These receptors may come in contact 

with contaminantc; in groundwater as the groundwater flows into and mixes with the 

surface water in the river, or as groundwater surfaces through springs and seeps and 

then flows into the river. The contaminants are also transferred through the food 

web. One critical point of contact is the river sediments because the concentrations of 

contaminants are expected to be higher in the sediment pore-water than in the open 

water column in the river. Chinook salmon spawn in the river sediments along the 

Hanford Reach and the eggs are deposited in redds (nests) dug several inches into the 

sediments. Furthermore, the salmon eggs and young alevin are generally more 

sensitive to radionuclides and inorganic contaminants than the adult salmon. Aquatic 

macroinvertebrates living in the river sediments are also important receptors to 

consider because they form the food base for many species of aquatic and semiaquatic 

organisms. 

Summary. Based on the above human and ecological conceptual exposure 

models, the occasional-use exposure scenario is used to assess potential human health 

risks associated with groundwater contamination at the 100-HR-3 Operable Unit, and 

the exposure of aquatic and semi-aquatic species that live in and adjacent to the 

Columbia River is used to assess potential ecological risks. 
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I 3.4 CONTAMINANTS OF POTENTIAL CONCERN 

I 
I 
I 
I 
I 
I 

The contaminants of potential concern for the 100-HR-3 groundwater operable 

unit were defined in the LFI and QRA (DOE-RL 1993b and WHC 1993d). These 

contaminants of potential concern are specifically those contaminants in groundwater 

that were identified by the QRA as exceeding one or both of the following criteria: 

o Exceedance of Hanford Site Background (95 % upper tolerance limit for 

inorganic constituents) . 

o Exceedance of preliminary human health risk-based screening values based 

on a lE-07 incremental cancer risk and a noncancer hazard quotient of 

0.1 (developed using a frequent use exposure scenario) . 

To identify the contaminants of potential concern for ecological receptors, the 

constituents were screened only against background concentrations. No risk-based 

screening was used because there are numerous species of ecological receptors, and 

there are no standard EPA recognized risk-based levels for animals for all the 

potential radionuclide and chemical contaminants within the operable unit. 

Since CERCLA requires that actions selected to remediate hazardous waste 

sites be protective of human health and the environment, the contaminants of potential 

concern identified in the QRA were further evaluated to see which of these would 

pose a risk to human and animal receptors, based on the exposure scenarios discussed 

in section 3. 3. 

Based on the occasional-use exposure for humans, none of the contaminants of 

potential concern exceeded an incremental cancer risk of lE-04 or a hazard quotient 

of 1.0. Interim remedial measures, therefore, are not required on the basis of human 

health risks. 

The ecological contaminantc; of concern for the 100-HR-3 Operable Unit, 

identified by comparing the maximum concentrations of the contaminants of potential 

concern to DOE's radiological exposure limit of 1 rad/day or EPA's Ambient Water 

Quality Criteria for the protection of aquatic organisms, are: 

o For the 100-H Area: chromium, iron, and sulfides 
o For the 100-D/DR Area: chromium, sulfides, and bis(2-ethylhexyl) 

phthalate 
o For the 600 Area: no ecological contaminants of concern 

As part of the FFS, the contaminants of concern identified in the QRA are 

further evaluated to ensure that the data and site information support the selection of 

site coittaminants of concern. Based on this additional analysis, iron, sulfides, and bis 

(2-ethylhexyl) phthalate were deleted from the list of contaminants of potential 
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concern developed in the QRA (WHC 1993d). The rationale for deleting these three 

- -;rre-as follows: -

o Iron: Only three groundwater well samples taken in 1993 and 1994 had 

concentrations above the chronic A WQC of 1,000 ug/L. All three of those samples 

were taken from wells completed with carbon steel casings. Two of the samples 

exceeding the AWQC were from well H4-4; a January 1993 sample at 18,000 ug/L 

and a September 1993 sample at 1,600 ug/L. During the January 1993 through June 

1994 period 27 samples were analyzed for iron and only those two exceeded 1,000 

ug/L. A more recent sample in June 1994 from this well had a concentration of 180 

ug/L. A sample collected in April 1993 from well H4-5 had an iron concentration of 

1,700 ug/L. Ten samples were collected from this well during the January 1993 

through June 1994 period, and only this sample exceeded the AWQC; the next highest 

concentration detected from this well was 530 ug/L, and a more recent sample had a 

concentration of 380 ug/L. 

o Bis(2-ethylhexyl) phthalate: The data for this constituent were not 
consistent, and bis(2-ethylhexyl) phthalate is a common laboratory contaminant. The 

data from several samples were qualified because of contamination in blanks (B 

qualifier) or were considered estimated values at the detection limit (J qualifier). The 

erratic values for this constituent were considered to be a result of laboratory 

contamination rather than a reflection of aquifer conditions. 

o Sulfides: The sulfide concentrations in most of the groundwater samples 

were at or below the 1 mg/L level of detection. One sample had a concentration of 

26 mg/L, but was determined to be inconsistent with the remaining samples and 

eliminated from the data set in the LFI. Of 107 samples analyzed for sulfides, 74 

were qualified with nondetect qualifiers. Since the concentrations in nonqualified 

samples were at or below the level of detection, sulfides will not be considered as 

contaminants of concern in this FFS. Additional data will be collected and evaluated 

and this decision will be reevaluated in the future. 

As a result of htis final analysis, chromium is the contaminant of concern for 

ecological risks for the 100-HR-3 Operable Unit. 

Data from groundwater wells in the undeveloped 600 Area between the 100-

D/DR and 100-H Areas indicated that arsenic concentrations in some groundwater 

samples exceeded incremental cancer risk levels of lE-06 for humans, based on an 

occasional-use scenario. However, if the normal background levels of arsenic are 

subtracted from the total concentrations, the ICR for arsenic is 6E-07. This is well 

below the range EPA uses for considering remediation. Arsenic was not considered 

to be a contaminant of potential concern for human health for the 100-HR-3 Operable 

Unit because 1) arsenic was apparently not used during the operation of the reactors 

in the 100 Area (based on records and interviews), 2) arsenic was likely used as a 

pesticide or herbicide for agricultural purposes in the 600 Area prior to Hanford Site 

operations, and 3) the presence of natural arsenic contributes to the concentrations 

measured in groundwater samples. 
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3.5 POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE 

REQUIREMENTS 

Section 121 of CERCLA requires that any remedial action selected for a 

Superfund site be protective of human health and the environment. A component of 

an action's protectiveness is its ability to comply with ARARs. An ARAR is a 

promulgated Federal or State environmental cleanup standard, standard of control, 

substantive environmental protection requirement, criteria, or limitation. It must be 

either: 

o "Applicable" (i.e., specifically addressing the substances, locations, 

or action being considered), or 

o "Relevant and Appropriate" (i.e., addressing a situation sufficiently 

similar to that encountered at the CERCLA site that its use is well 

suited to the particular site). A standard or criterion must be both 

relevant and appropriate to be an ARAR. 

There are three categories of ARARs: 

1) Chemical-specific - numerical values or methodologies used to determine 

acceptable concentrations or doses of a contaminant 

2) Location-specific - requirements that dictate or restrict actions at or 

surrounding the CERCLA site because of sensitive or unique conditions 

3) Action-specific - technology- or activity-based requirements or limitations 

on actions taken with respect to hazardous wastes. 

In addition to ARARS, to be considered (TBC) guidance consists of 

nonpromulgated criteria, advisories, guidelines, or proposed regulations. Since TBC 

guidance is not legally binding, it does not have the status of ARARS. However, 

TBCs are identified and considered if ARARs do not exist for the substance or 

situations of concern , or the ARAR alone would not be sufficiently protective. 

Appendix A discusses the major ARARs, and lists the ARARs and TBC 

requirements that have been identified for the 100-HR-3 Operable Unit. Table 3-1 

lists the chemical-specific ARARs and TBCs for the contaminants of potential concern 

for this Operable Unit. 

3.6 INTERIM REMEDIAL MEASURE GOAL AND POINTS OF 

COMPLIANCE 

The interim remediation measure (IRM) goal for the 100-HR-3 Operable Unit 

is to conduct activities that are protective of the Columbia River and its sensitive 
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I ecological receptors. This may include activities that will contain chromium plumes 

I-in-their present locations; retard the movement of plumes toward the river; and reduce 

I the amount of chromium in groundwater that is entering the river. Alternatives for an 

· 1 IRM are targeted to accomplish one or more of the above. 

I 
I Performance of the preferred alternative may be measured at the location of 

exposure for sensitive ecological receptors in the river, and/or inferred from other 

techniques for estimating the exposure at receptor locations. For the pilot-scale 

chromium treatability test being conducted in the 100-D/DR reactor area, the Tri

Parties agreed to using six criteria for evaluating the success of future full-scale 

operation of the system (TPA Milestone M-15-06, Change Number M-15-93-02, 

January 25, 1994). These six criteria are: 

1) Hexavalent chromium measured in wells near the Columbia River fall below 
the MTCA standard (50 ug/L) for two consecutive sampling periods. 

2) Sampling of water occurring in the river bottom substrate environment, where 
springs are suspected to discharge contaminated groundwater, in concentrations 

representative of the plume, indicates that hexavalent chromium in this 

environment is below and will remain below the chronic ambient water quality 

criterion for the protection of freshwater aquatic life for hexavalent chromium 
(11 ug/L) set by the EPA. 

3) Groundwater/Columbia River interaction studies, numerical models, or 

physical models indicate that predicted levels of hexavalent chromium within 

the riverbed substrate environment, where contaminated groundwater is 
suspected to discharge, in concentrations representative of the plume, are 
below the chronic ambient water quality criterion for the protection of 

freshwater aquatic life for hexavalent chromium (11 ug/L) set by the EPA. 

4) Biological surveys, such as aerial photographic records, of Columbia River 

sections where contaminated groundwater discharges may be reasonably 

expected to occur, indicate that contemporary salmonid redd distributions are 
at concentrations and locations expected if hexavalent chromium were not an 

influence. 

5) The effectiveness (including cost/unit of hexavalent chromium removed) of the 

treatment technology does not justify further operation. 

6) An alternative treatment technique, such as chemical reduction of the 

hexavalent chromium to a less toxic valence, that is more effective or is less 

costly, is substituted. 

These six criteria should be considered when performance goals for the IRM are 

established in the record of decision. 
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I Performance goals for the IRM include reducing the concentration of 

- t--chromium at loeations in the Columbia River where sensitive ecological receptors may 

be exposed. The target concentration is the EPA Ambient Water Quality Criteria for 

Protection of Freshwater Aquatic Life, which for chromium is 11 ug/L, as measured 

at the location of exposure. The criterion applies to the riverbed sediments that are 

used by chinook salmon for spawning habitat. 

During the IRM, the concentration of chromium in groundwater will be · 

monitored in the extraction well network, along the river shoreline, and within the 

salmon spawning habitat in the vicinity of chromium plumes. Since sampling the 

spawning habitat is logistically very difficult, an alternative performance monitoring 

methodology will be developed that is based on samples from locations along the 

shoreline and from existing near-river monitoring wells. Evaluation of the new 

monitoring data may reveal an acceptable alternative to monitoring at the location of 

exposure in the riverbed sediments. 

A preliminary remediation goal (PRG) at the location of exposure (e.g., 

salmon spawning habitat in the riverbed sediments) is 11 ug/L hexavalent chromium, 

as established by the EPA criteria. PR Gs for other sampling locations along the 

shoreline and in near-river wells will be refined as new information from pre-remedial 

design activities are completed. 
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Constituent Safe Drinking Water Act RCRA MTAC EPA Water Washington 

Subpart F (groundwater/ Quality Criteria Water Quality 

(e) surface water) ( chronic/acute) Standards 

Primary MCLG Secondary Proposed (f) (g) (chronic/acute) 

MCL (a) (b) MCL (c) MCL (d) (h) 

Tritium 20,000 -- -- 60,900 -- -- -- -- ~ 

~ -
Technetium-99 2,400 -- -- 3,790 -- -- -- -- ~ 

'f 

Chromium 100 100 -- -- 50 80/810 11/16 11/16 lo-' . 

Iron -- -- 300 -- -- 1000 -- -- C":) 
c:r 

Bis(2 ethylhexyl) 6 0 -- -- -- 6.2516.56 360/400(i) --
phthalate 

Arsenic 50 -- -- -- 50 0.05/0.084 190/360(j) --

Sulfide -- -- -- -- -- -- -- --

~ 

~- ~ !. 0 
I ~tr1 00 

j;;3 -'0 
~ ::t,~ 
Si tJj ":f 
n I 

NOTE: All units for radionuclides in pCi/L; all other units in µg/L 

(a) 40 CFR 141.16 (radionuclides), 40 CFR 141.16 (organics), 40 CFR 141.62 (inorganics), as amended at 56 FR 31838 July 17, 1992 

(b) 40 CFR 141.50 and 51 as amended at 56 FR 31838 July 17, 1992 

(c) 40 CFR 143.3 as amended at 56 FR 3597 January 30, 1991 - TBC under federal regulations, possible ARAR under MTCA 

(d) 56 FR 33120 July 18, 1991 - Proposed rules - TBC 

(e) 40 CFR 264. 94 
(f) WAC 173-340-720, Model Toxics Control Act, Groundwater Cleanup Standards, Method Band WAC 173-340-730 Surface Water Cleanup 

Standards, Method B 

(g) EPA's "Quality Criteria for Water 1986" and EPA's "Upgrade #2 to Quality Criteria for Water 1986" - TBCs for surface waters only 

~ 
0\ 
-....J 

~ 
Q. 

~ = C":) 
yi 

(h) WAC 173-201-047, Toxic Substances - applies to surface waters only 

(i) Proposed 
(j) For the trivalent form 
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4.0 ALTERNATIVES DEVELOPMENT 

The alternatives considered for treatment of the 100 Area groundwater 

operable units were developed and screened in the J 00 Area Feasibility Study Phases 

1 and 2 (DOE-RL 1994a). These alternatives (referred to as the baseline alternatives) 

provide a range of remedial actions applicable to the 100 Area groundwater operable 

units. The baseline alternatives are intended to be generally applicable anywhere in 

the 100 Area. In this FFS, the baseline alternatives are further defined and modified 

based on additional information from the 100-HR-3 Operable Unit LFI 

(DOE-RL 1993b), 100 Area aggregate studies, treatability testing, and refined RAOs. 

This section of the FFS presents detailed descriptions of each groundwater 

alternative retained from the 100 Area FS for more detailed analysis. Descriptions 

for the baseline alternatives are expanded from the information presented in the 100 

Area FS and are modified as needed to reflect new information gathered since the 

preparation of the FS. The baseline descriptions are then refined to reflect 100-HR-3 

Operable Unit site-specific requirements and characteristics. This section specifically 

describes the groundwater alternatives relative to interim aetieB remedial measure at 

the 100-HR-3 Operable Unit. 

The DOE's Environmental Management (EM) Office of Technology 

Development (OTD) (EM-50) is managing an aggressive national program for applied 

research, development, demonstration, testing, and evaluation. The objective of this 

program is to develop technologies to clean up the DOE nuclear production and 

manufacturing sites and to manage DOE-generated wastes more cost effectively than 

current environmental cleanup technologies. The program is addressing several major 

problem areas, including groundwater and soil cleanup, and waste retrieval and 

processing. TheFe is a suite ef lfflltil&Hy eemplimeetaey teehnelegies fer 

ew.•ireftfflefttal Festemtieft iB Yarieas stages ef tle·1elef1mem anti tlemeas~atiea that 

will ee Feaay fer iffltllemeetatiea iB tee sear futilre. 
General descriptions of the various integrated programs within DOE's EM-50 office 

are published in Technical Summary reports (e.g. DOE 199_ {In Situ Remediation 

Integrated Program, DOE-EM-0202} ). 

New and emerging treatment technologies may be incorporated into operable 

unit restoration activities as they become available. They would be introduced as an 

additional IRM or as part of the final remedy. One new technology involves a 

method to immobilize hexavalent chromium in the aquifer; it is currently undergoing 

testing in the 100-H Area (Fruchter et al., 1995 {Final Draft: Test Plan for the 100-

H Area In Situ Redox Manipulation Experiment: Part I Bromide Tracer Experiment, 

Revision 1, May 1995 --?referencable?} ) 

4.1 ALTERNATIVE GW-1: NO ACTION 

Alternative GW-1, the no action alternative, is required by the National 

Contingency Plan (NCP) to serve as a baseline for evaluation of other alternatives. 
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The no action alternative may be selected for sites where contamination does not 

-exeeed the level-of unacceptable risk, where site contamination is in compliance with 

ARARs, where short-term risks associated with the remedial action exceed the risk of 

no action, or where the cost of remediation is excessive compared to the benefit 

gained in risk reduction. 

The ft0 acHee. &ltefflBti·re fer the gretmtlwater eperaele aBits ceB:Sists ef 
eee.tiBaed gr01:HiEIY.1ater meBiteriBg that is eurreB:tly ee.geiBg at the site . The 

celltftmiMtieft is &110111ed te dissif)ate threagh B&taral atteffl!atieft precesses. Fer 
mdieffllclides, this is mamly ftiltUral radi0acti1t1e decay . The effectiveftess ef the 

ftitttH'fH attee.l:l&tieft precess is related te the h&lf life ef the radieBaclide 8ftd the 
aff~ ef the meliefflleliele te aelsere te the Hftftferel Site sails. Fer other 
cefltomieeets, sach as chremiam, the majer atteffl!atieB facter is ad·.iectieHldispersieR, 
which depeftds Oft ftat\irel greaftdwater fle·.v anti the ri11er fluslti:e.g actioB to redace 

ceBCeBtratieBS. 

1<\f)plieatioB of the ft0 aetieft alteFB&ti¥e is indepeftdeftt ef an.,r site speeifie 
coe:sideratioe:s, as this altefflBtive reqaires ft0 resmctioBS, cofttfols, or aefr1e remeeial 

measares. Therefere, the easelifte descriptieB fer this altefflBti·1e is directly applicaele 
te the 100 HR 3 Operaele UBit •Hitheat meelifieatieB. 

4.1.1 Baseline Description 

The no action alternative assumes no further action at a site. For example, no 

action for the groundwater operable unit consists of continued existing access controls 

and groundwater monitoring events through 2008, at which time these activities cease. 

The contamination is allowed to dissipate through natural attenuation processes. For 

radionuclides, this is mainly natural radioactive decay. The effectiveness of the 

natural attenuation process is related to the half-life of the radionuclide and the 

affinity of the radionuclide to adsorb to the Hanford Site soils. For other 

contaminants, such as chromium, the major attenuation factor is advection/dispersion, 

which depends on natural groundwater flow and the river flushing action to reduce 

concentrations. 

4.1.2 Application to the 100-HR-3 Operable Unit 

Application of the no action alternative is independent of any site-specific 

considerations, as this alternative requires no restrictions, controls, or active remedial 

measures. Therefore, the baseline description for this alternative is directly applicable 

to the 100-HR-3 Operable Unit without modification. Contaminant plumes within the 

100-D/DR Area, 100-H Area, and the 600 Area of the 100-HR-3 Operable Unit are 

allowed to dissipate through natural attenuation processes. Existing access controls 

and monitoring activities are continued through the IRM period (year 2008) . 
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4.2 ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS 

Alternative GW-2 has been developed as an institutional controls GRA. This 

alternative was initially developed in the 100 Area FS Phases 1 and 2 (DOE-RL 

1994a) to prevent access to contaminated groundwater plumes beneath the 100 Area. 

The following process options are specified for the alternative: 

• Access restrictions 
- Deed restrictions 
- Water rights restrictions 

• Monitoring 
- Groundwater monitoring 

• Continued current actions 
- Pilot-scale treatability test in the 100 HR 3 Of)erable Unit 100-D/DR 

reactor area 
- Groundwater/river interaction studies 

- Chromium speciation steaies investigation 

- Columbia River Comprehensive Impact B¥alaatiee steay Assessment 

- In Situ Redox Manipulation Experiment in the 100-H reactor area. 

4.2.1 Access Restrictions 

The access restrictions included in this alternative are unique to groundwater 

media. Government control of the Hanford Site, and therefore the operable unit, is 

anticipated through the IRM period. Sitewide access restriction measures already 

existing at the Hanford Site, such as security fences and guarded entrances, will 

ensure that 100-HR-3 groundwater is not accessible to the general public. Deed 

restrictions and water rights are not required during the period of government control. 

The institutional controls alternative therefore does not require implementation, but 

only continued maintenance and enforcement. 

4.2.2 Monitoring 

In addition to restricting groundwater use and access to groundwater, the 

institutional action alternative also includes groundwater and environmental 

monitoring. Monitoring will be required to determine if and when institutional 

controls to restrict access to groundwater are no longer necessary. 

4.2.3 Continued Current Actions 

The continued current actions listed are efforts currently under way to 

eefflf)le*e refine the conceptual site models for the groundwater operable units and to 

generate more certain technology performance data. These efforts support the 
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selection of the most appropriate remedial action for the 100 Area groundwater 

- --operable units. -The treatability test will provide data on technology performance and 

optimization, on waste generation, and possibly on aquifer response. The 

river/groundwater interaction studies will help describe the mixing zone to better 

predict the hydrologic actions affecting concentrations. The speciation studies will 

better quantify the amount of chromium (VI) to provide a more realistic conceptual 

model of contaminant movement in the aquifer and interaction with the sediments. 

The river impact assessment will provide risk assessment data specific to the receptors 

in the river. The in situ redox manipulation experiment will provide new information 

on remediation alternatives for chromium. All the information will be assessed to 

determine the best solution for the remediation of the operable unit. When the results 

of the current actions are available, the conceptual site models may be complete 

enough to identify a final action for the operable unit. 

4.3 ALTERNATIVE GW-3: CONTAINMENT 

The containment alternative consists of remedial actions designed to ensure the 

containment of contaminated groundwater plumes. The geeeral Eiescriptioe of this 

altem&ti•re (Seetion 1. 3 of ,i\4>peftEiiK C B) presents Eieseriees se1reral saesurfaee 

allffier (eutoff wall) teelmologies that are poteetially applieaale ie the 100 Area. The 

most appropriate eutoff wall teehnelogy for applieation at the 100 BC 5 Operaele Unit 

is Eietermmee oe the aasis of site specific Hftf)lemeetatioe re(}tliremeets. These 

reEJ.ttirements iBelttee eonsiaeration of the site geologie formatioa aaa wall depth 

reEJ.1:liremeftts. For the FFS, groundwater modeling results were used to estimate the 

optimum configuration of the cutoff wall and hydraulic control wells for evaluating 

alternatives (Note: additional detailed modeling would be required for remedial 

system design). 

The containment options described in Alternative GW-3 rely on various 

characteristics of the geology and hydrogeology of each reactor area for their success. 

Intercepting contamination that is migrating along with groundwater toward the 

Columbia River requires a knowledge of the geometry of the sedimentary units 

containing the contamination, as well as the pathways that the flow follows. 

Construction of some of the containment systems requires a detailed understanding of 

the sediment physical properties at the actual site. Also, when assessing the 

performance of the containment system by numerical modeling, the accuracy of the 

model output is determined by the level of detail in the geometry and hydraulic 

characteristics of the aquifer. 

Background information on the geology and hydrology of the 100-HR-3 

Operable Unit can be found in Lindsey and Jaeger (1993) and Hartman and Peterson 

(1992), respectively. Cross sections drawn through monitoring wells located along 

the 100-D/DR and 100-H shorelines are shown in Figures 4-1 and 4-2 (see Figures 2-

1 and 2-2 for monitoring well locations). 
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4.3.1 Baseline Description 

Alternative GW-3 was initially developed in 100 Area FS Phases 1 and 2 

(DOE-RL 1994a). Th.e altemath1e that was initially Ele'l1elo13eel forms the baselifle 

ft:em vlltieh meeifieatiees 8fe lft&Se fer &f)plieatiefl to the 100 HR 3 Operable Uftit. 

Th.e baseliBe Eleserif)tiefl: of this altefflflti1le and is based on remedial technologies and 

associated process options speeifieel ifl the 100 Area FS for containment of 

contaminated groundwater plumes (Section 1.3 of Appendix B). These technologies 

and process options are: 

• Vertical barriers 
- cutoff walls 

• Hydraulic control 
- Extraction wells 
- Injection wells (as necessary) 

• Monitoring 
- Groundwater monitoring. 

4.3.2 Application to the 100-HR-3 Operable Unit 

This sabsectiofl Elescribes the &f)plicatiofl of the cofltaimneflt altemath1e to the 

100 HR 3 Operable Unit. The appropriate eHteff waH teehflelegy containment option 

for use at the 100-HR-3 Operable Unit is determined on the basis of site-specific 

implementation requirements at the 100-D/DR and 100-H Areas. These requirements 

include consideration of the site geologic formation and wall depth requirements. 

Detailed groundwater modeling results would be used to design the optimum 

configuration of the cutoff walls and hydraulic control wells in the 100-D/DR and 

100-H Areas. 

Selection of the cutoff wall technology considered most appropriate for the 

100-HR-3 Operable Unit is based primarily on the following requirements: 

• The technology must be implementable to a depth sufficient to key in 

the uppermost confining layer beneath the unconfmed aquifer, (i.e. , the 

Ringold Formation Upper Mud Unit). 

• The technology must be implementable in the Ringold Formation, Unit 

E (sandy, gravelly sediments). 

• Application of the technology must minimize exposure to contaminated 

soil and groundwater during implementation. 
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• The technology must be implementable within the spatial constraints 

imposed by proximity of the Columbia River and the past practice 

disposal facilities (e.g., retention basins, cribs, and trenches). 

• Construction must occur close to the shoreline, to minimize penetration 

of the Hanford gravels. 

4.3.2.1 100-D/DR Area Cutoff Wall Selection. The cutoff wall technology 

considered most appropriate for the 100-D/DR Area is a sheet pile. Sheet pile 

technology is not applicable in the Hanford Formation, which consists of cobbles and 

boulders. eKis5, soils eeaeatll tlle grouna surface aEljaceBt to tlle ri:i;er are 
preeefflfflft:Bt:1:y Riftgole Fofffl&tieB. The sandy gravels and silty sands comprising 

Ringold soils are amenable to the pile driving associated with sheet pile construction. 

Based on the 15 m (50 ft) Elef)t:e. reeiuiremeBt 23 to 30 m (75 to 100 ft) depth to the 

confining unit in the 100-D/DR Area, sheet pile construction is considered readily 

implementable. A technical implementation concern involves an area along the river 

in the 100-D/DR Area where the riverbank becomes steep before flattening out again. 

Along this area of the river, excavation may be required to facilitate sheet pile 

installation. Other wall installation methods could be used at the 100-D/DR Area; 

however, the sheet pile wall presents the best option as far as intercepting flow to the 

river, ease of future removal (if needed), and minimal disturbance to the environment. 

The primary drawback to slurry wall construction at the 100-HR-3 Operable 

Unit is the unavoidable contact with contaminated groundwater and soil within the 

unconfined aquifer. Downgradient placement of a slurry wall to intercept migration 

of the contaminants of potential concern plume into the river would require excavation 

into the contaminated portion of the aquifer. This would result in significant 

contamination control requirements, as well as handling and disposal of excavated 

soils and excess slurry. Slurry wall technology is, therefore, not considered for use 

at the 100-HR-3 Operable Unit due to unavoidable contact with contamination 

resulting in waste generation (contaminated slurry and excavated spoils). 

While the conventional slurry wall, the grout injection barrier, and the deep 

soil mixed barrier would likely be implementable at the 100-D/DR Area and perform 

comparably to the sheet pile wall, the retrievability of these methods is considered 

more difficult than that of the sheet pile wall. Retrieval of any of these barriers 

would require excavation, drilling, or blasting to penetrate the barrier. 

4.3.2.2 100-D/DR Area Containment System Configuration. Within the 100-HR-3 

Operable Unit, groundwater in the unconfined aquifer generally flows towards the 

Columbia River (DOE-RL 1993b). In the 100-D/DR Area, groundwater will flow 

parallel to the Columbia River during high river stages (DOE-RL 1993b). Therefore, 

down gradient placement of the cutoff wall as close to the river as reasonably possible 

is proposed. Based on the near river topography in the 100-D/DR Area, the location 

proposed for placement of the cutoff wall is between the river and the 9 m (30 ft) 

high riverbank. This space is approximately 15 m (50 ft) wide, except for a small 
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area where the space between the river and the embankment narrows before widening 

·- -out-again. This-area may require excavation to enable emplacement of the cutoff 

wall. The subsurface in this region is comprised primarily of Ringold Formation 

soils, which do not contain boulders that would otherwise inhibit pile driving 

activities. 

Immediately adjacent to the river, the unconfined aquifer is just below the 

ground surface. Assuming that the thickness of the aquifer is similar to other 

locations in the 100-D/DR Area, the aquifer will range from 4 to 7 m (13 to 24 ft) 

thick (Figure 4-1). The clay/silt layer beneath the unconfined aquifer provides a less 

permeable zone into which to key the wall. The required depth of the wall at this 

location will be approximately 8 m (26 ft) . This depth includes an additional 1 m (3 

ft) for key-in to the clay/silt layer. 

The 100-D/DR Area cutoff wall will be constructed along the Columbia River 

and will span the length of the chromium plume identified in the LFI (DOE-RL 

1993b). This wall will also contain the other contaminant plumes identified at the 

100-D/DR Area that coexist within the larger chromium plume (e.g., nitrate, tritium, 

and strontium-90). The configuration of the cutoff wall must also account for 

groundwater flow parallel to the Columbia River during high river stages. 

Groundwater modeling indicates the length of the wall required for the 100-D/DR 

Area to be approximately 1,300 m (4,300 ft). 

The hydraulic gradient in the 100 HR 3 Of,eraele Ueit 100-D/DR Area may be 

sufficiently small to eliminate the need for hydraulic control wells. However, results 

of groundwater modeling indicate that locating a pumping well at each end of the 

cutoff wall enhances plume containment by preventing contaminated groundwater 

from escaping around the ends of the wall. Since the extracted groundwater will 

likely contain chromium (and possibly other contaminants), reinjection in the 

upgradient portion of the contaminant plume is required to prevent contamination 

spread. 

4.3.2.3 100-D/DR Area Containment System Implementation. Implementation of 

a sheet piling wall at the 100-D/DR Area will involve pile driving thick steel sheets 

into the soils of the Ringold Formation near the bank of the Columbia River. The 

sheet piles will be constructed with sealable joints to ensure that a continuous cutoff 

wall can be formed. To accomplish this, each sheet pile is constructed such that the 

contacting edges between successive sheet piles form an annulus that can be injected 

with a sealant (such as cement). Sheet pile construction equipment requirements 

include a hoist truck (to place sheet pilings), a mobile crane (to perform pile driving), 

and a generator (Waterloo Center for Groundwater Research 1992). Sheet pile 

installation will not require excavation or large construction areas. 

The specified sheet piling cutoff wall must provide strength to maintain 

structural integrity and sufficiently reduced permeability relative to the unconfined 

aquifer to ensure containment. Steel sheet thicknesses of 11 mm to 15 mm are 

considered applicable for constructing a cutoff wall to depths of 100 feet (Waterloo 
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Center for Groundwater Research 1992). The hydraulic conductivity of the 

-- --unoonfmed aquifer along the river in the 100-HR-3 Operable Unit ranges from 

3.6 x 10-3 to 2.0 x 10·1 cm/sec (DOE-RL 1993b). Sealable joint sheet piling walls can 

attain hydraulic conductivities between 10-7 to 10-10 emfs depending on the joint 

sealant material (Starr et al. 1992). 

4.3.2.4 100-D/DR Area Containment System Modeling Results. Groundwater 

modeling results indicate that the containment system described above can 

significantly reduce the mass of chromium entering the Columbia River. In 

comparison to the aaselifte, er no action alternative, a 95% reduction in chromium 

entering the river can be achieved during the period of interim action. Although the 

chromium concentrations in groundwater entering the river remain above the EPA 

Ambient Water Quality Criteria level of 11 ppb, the flow rate of contaminated 

groundwater is significantly reduced and dilution with the river still occurs. =Htese 
maEleliBg reSl:llt5 are aaseEI an the &S9l:11Bf'ti0n that the reEJ:UireEI sheet pile v;all can ae 
sueeessfHUy ifBt3lemented. 

4.3.2.5 100-H Area Cutoff Wall Selection. Similarly to the 100-D/DR area, the 

cutoff wall technology should be able to reach the confming layer beneath the 

unconfmed aquifer, if constructed adjacent to the shoreline. Boring logs from the 

near river wells in the 100-H Area indicate that the uppermost, continuous confming 

layer beneath the unconfmed aquifer is approximately 18 m (60 ft) below the surface. 

However, construction in the Hanford Formation is unavoidable, due te the near river 
tepagrttf)hy that preeludes eeastruetien direetly a(ljaeent te the river. since the water 

table, and the hydrologic unit containing contaminants, is in the Hanford Formation. 

Due to the construction in the Hanford Formation, none of the cutoff wall 

technologies described in the baseline containment alternative are considered 

implementable in the 100-H Area. Based on the need to penetrate the Hanford 

Formation, the sheet pile cutoff wall technology specified for use in the 100-D/DR 

Area is not applicable. Deep soil mixing has been applied to depths of 200 ft (in 

limestone), however, the technology is not considered feasible because of the depth 

and nature of the Hanford Formation (i.e., cobbles and boulders that can jam the 

auger or deviate the direction of the boring). Slurry wall construction can be 

impacted by slurry losses into the porous, unconsolidated soils of the Hanford 

Formation. Furthermore, poorly sorted, unconsolidated soils could result in trench 

collapse during slurry wall construction, especially at the required depth. 

Based on the technical difficulties associated with implementing a cutoff wall 

in the 100-H Area, hydraulic controls are specified for containment of the chromium 

plume in the 100-H Area. As described in the methodology document, hydraulic 

control involves the use of extraction and reinjection to contain contaminant plumes. 

Groundwater modeling is used to determine the most effective configuration of 

extraction and injection wells to contain the 100-H Area chromium plume. 

The advantages of the hydraulic control system include ease of installation, 

compatibility with final pump and treat remedial actions (if required), versatility in 
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well depth (i.e., it does not have to extend to a confining layer) , and lesser impact to 

- ---ecelogical and -ultural resources. Because the contaminants are removed near the 

river and injected upgradient, the magnitude of risk in the near-river zone is reduced 

by the increased travel time for the chromium to reach the river. Disadvantages 

include difficulty maintaining hydraulic control so near the river, which experiences 

daily fluctuations up to 2.4 m (8 ft), removal and injection of contaminated water with 

no intermediate treatment, and the need for long-term maintenance. In addition, 

because chromium is persistent in the environment, the hydraulic barrier would have 

to be maintained until other actions are taken to address the contaminant or until the 

risk from the chromium is determined to be acceptable through additional assessment. 

Because the injected water is not treated, well scaling and biofouling may be more of 

a problem than for the injection of treated water. 

One consideration that cannot be addressed because of the lack of information 

is the use of a hanging wall. This is a vertical barrier that does not extend to a 

confining layer but is installed to a depth below the contamination (i.e., the · 

contamination is confined to the upper layers of the aquifer) . Can=eftt aeta S1:1ggest 

that the eoftt&miB&tioa e::!fteftas deef' iftto the &(11:lifer; howe'ler, these aeta ere 

somewhat l:Hleeftain. Additional borings to characterize the partitioning of the 

chromium contamination in the formation would be required to determine the 

suitability of the hanging wall. If the contamination is confined to the upper portion 

of the aquifer, then the vertical barrier becomes a viable option at the 100-H Area. 

4.3.2.6 100-H Area Containment System Configuration. The containment system 

configuration required at the 100-H Area consists primarily of a line of extraction 

wells placed along the Columbia River and a line of injection wells placed in an 

upgradient region of the chromium plume. Approximately seven wells spaced 200 m 

(650 ft) apart, as close as reasonably possible to the Columbia River, are required 

for extraction. The total extraction rate required from the wells is approximately 350 

gpm. Three injection wells with the same injection rate (350 gpm) are required 

along the upgradient end of the plume. Placement of the injection wells is such that 

the size and location of the chromium plume is not significantly influenced. This 

hydraulic control system will also contain other contaminant plumes identified at the 

100-H Area that coexist within the larger chromium plume (e.g. , nitrate, 

strontium-90, technetium-99, uranium-238) . 

4.3.2. 7 100-H Area Containment System Implementation. The containment 

system selected above involves the use of extraction wells to remove chromium

contaminated groundwater before it enters the Columbia River. Implementation of 

injection and extraction wells is relatively simple compared to cutoff wall 

construction. Construction concerns involve proper well screening to capture the 

chromium plume and plumbing between extraction and injection wells. Figure 4-14-

3 illustrates the approximate location of the well system, based on groundwater 

modeling results. 

Chromium contamination in the lOO~H Area is assumed to exist throughout the 

vertical depth of the aquifer. Based on this assumption, extraction and injection wells 
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would need to be screened across the depth of the unconfined aquifer. Additional 
- --eharacterization...to verify this assumption may be appropriate. In the event that 

contamination is liinited to the upper portion of the aquifer, the construction depth 
and pumping rate of the extraction and injection wells may be decreased. 

4.3.2.8 100-H Area Containment System Modeling Results. Groundwater 
modeling results for Alternative GW-3 in the 100-H Area are similar to the modeling 
results obtained for the 100-D/DR Area. Essentially, containment can significantly 
reduce the mass of chromium entering the Columbia River during the period of 
interim action. Modeling results for the 100-H Area show a 92 % reduction in the 
mass of chromium entering the river in comparison to the baseline (no action) . +he 
results ef meEleliftg e:re eeseEI 0ft tlle &Ssumptieft th&t seeeessful imf>lemeftt&tieH &BEi 
epemtieft ef & ltyElf&elie eefttfel system is &ehie,•eEI. 

4.4 ALTERNATIVE GW-4: IN SITU TREATMENT 

The general description of Alternative GW-4 (see Section 1.4 of Appendix 6 
B) includes remedial technologies for in situ treatment of nitrate and volatile organic 
compounds in the groundwater beneath the 100 Area. This alternative is not 
considered applicable to the 100-HR-3 Operable Unit, because the contaminants 
addressed by this alternative are not COPCs for the operable unit. On this basis , no 
further discussion of the in situ treatment alternative is Heeessary presented. 

4.5 ALTERNATIVE GW-5: REMOVAL, TREATMENT, AND DISPOSAL 
USING ION EXCHANGE . 

Alternative GW-5 has been developed as a removal, treatment, and disposal 
GRA. The objective of Alternative GW-5 is to contain the contaminant plumes from 
reaching the river or migrating outside the operable unit and to eliminate source to 
receptor pathways by removing, treating, and disposing of contaminated groundwater. 
Alternative GW-5 is designed to remove contaminant plumes from the unconfined 
aquifer, treat extracted groundwater to the levels established by remedial action goals, 
isolate and dispose of treatment residuals from the accessible environment, and inject 
treated groundwater into the unconfined aquifer or discharge it to the river. 

4.5.1 Baseline Description 

The general description of Alternative GW-5 presented in Section 1.5 of 
Appendix G B specifies remedial technologies for removal, treatment, and disposal of 
contaminated groundwater beneath the 100 Area. Modifications to the baseline 
description are required based on the COPC identified in the 100-HR-3 Operable Unit 
LFI (DOE-RL 1993b). Since the removal, disposal, and monitoring aspects of this 
alternative are independent of the site-specific conditions at each 100 Area 
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groundwater operable unit, modifications to the baseline alternative are specific to the 

- - proposed treatment system. 

4.5.2 Treatment System Modification 

The baseline treatment system described for Alternative GW-5 is modified 

initially on the basis of COC identified in the 100-D/DR Area and 100-H Area · 

groundwater. Chromium is identified as the COC in both 100-D/DR Area and 100-H 

Area groundwater. Tritium at the 100 D/DR Area has a :peak eoBeefttrotioa of 78,000 

13Ci/L. Since there are no organic COCs identified in 100-D/DR Area or 100-H Area 

groundwater, the chemical oxidation process for the destruction of organic 

contaminants can be eliminated from the baseline treatment system. Similarly, since 

nitrate is not identified as a COC in 100-D/DR Area or 100-H Area groundwater 

based on the occasional-use scenario, the biodenitrification process can be eliminated 

from the baseline treatment system. The results of the ion exchange treatability study 

did, however, show that nitrate is removed by the ion exchange media. 

The baseline treatment system can be further modified on the basis of 

treatability study results. Chemical precipitation and ion exchange were investigated 

for removal of chromate, nitrate, and uranium-238 from 100-HR-3 groundwater 

(WHC 1993c). Although nitrate and uranium-238 are present in 100-HR-3 

groundwater, only chromium is specifically identified as a COC. Results of this 

treatability study indicate ion exchange to be more effective than precipitation for 

removal of chromium (as well as nitrate and uranium-238). Ion exchange reduced 

chromium levels in 100-HR-3 groundwater to below the detection limits of the 

chemical analysis techniques used in the studies (29 ppb total chromium, 19 ppb 

hexavalent chromium f¥ij) (WHC 1993c). The chemical precipitation process 

generated larger quantities of secondary waste requiring disposal than did ion 

exchange. Hexavalent chromium had to be reduced to its trivalent state before it 

could be precipitated. Hence, the process generated greater amounts of secondary 

waste. In addition, the precipitants formed were found to be difficult to separate from 

the groundwater (WHC 1993c). Based on these results, the chemical precipitation 

and reduction processes can be eliminated from the baseline treatment system. 

The modifications described above reduce the baseline treatment system to a 

single treatment process consisting of ion exchange. Filtration of the groundwater 

feed entering the treatment system is required to remove particulate and suspended 

solids. Resin regeneration is performed, as necessary, with annual recharge of all 

resin vessels. Spent resin is pneumatically blown from the exchange columns into a 

dewatering vessel, followed by load-out into disposal containers. Cement 

solidification is retained for treatment of secondary wastes (such as settling tank 

sludge and resin regeneration solids) on an as-needed basis. 

Based on the high concentrations of iron detected in 100-H Area groundwater, 

the treatment system developed for Alternative GW-5 must provide a means for iron 

removal. Based on the presence of iron and chromium within the same location in 
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the unconfined aquifer, a condition in which iron is in the ferrous ion (Fe+2) state and 

- --d1remium is in-the hexavalent state is highly improbable. Chromium would have 

been reduced to the trivalent state in the presence of dissolved ferrous ion. The 

EQ3/6 model, developed by the Lawrence Livermore National Laboratory, was used 

to determine ·the chemistry of this situation. The model predicted the speciation of 

iron and chromium in the groundwater using thermodynamic data of the chemical 

components present in the groundwater. As an input to the model, iron was assumed 

to be present as the ferrous ion in a dissolved state. The model predicted that the 

iron would be oxidized to the ferric state and the hexavalent chromium would be 

reduced to the trivalent state. It is also important to note that the unfiltered samples 

were used for the chemical analysis. These findings suggest that iron is most likely 

present as the ferrous ion and contained within suspended solids in the 100-H Area 

groundwater. The iron could thus be removed by the use of filtration methods prior 

to the ion exchange columns. 

The ion exchange treatment system will be applicable to both 100-D/DR Area 

and 100-H Area groundwater. Figure 4-5 presents a conceptual flow diagram of the 

modified treatment system proposed for application of Alternative GW-5 to the 

100-HR-3 Operable Unit. 

4.5.2.2 Size and Configuration. Several options are available for implementing 

groundwater treatment, including a single treatment facility for all contaminated 

groundwater within the 100 Area or separate treatment facilities for each groundwater 

operable unit. Although past practices at the 100 Area reactor sites may have resulted 

in the release of the same contaminants to the environment, sampling and analysis 

indicates that the concentrations of contaminants in each operable unit are not the 

same. Therefore, separate treatment facilities at each operable unit are eoBSidet=ed 

recommended to prevent cross-contamination and enable tailoring treatment systems to 

specific contaminants of concern at each operable 't:lftit reactor area. 

4.5.2.3 Site Specific Implementation. Alternative GW-5 can be implemented as a 

single treatment system for the entire 100-HR-3 Operable Unit or as separate 

treatment systems at the 100-D/DR Area and 100-H Area. Separate treatment 

systems eliminate potential cross contamination between 100-D/DR and 100-H Area 

groundwater, reduce the distance over which contaminated groundwater is 

transported, minimize environmental impacts due to pipeline construction between the 

100-D/DR and 100-H Areas, and enable tailoring system designs to the COC and 

capacity requirements at each area. Cost-benefit analyses and other engineering 

studies beyond the scope of this FFS would be required to establish the optimum 

location of a single treatment system. Therefore, due to the distance separating 

100-D/DR and 100-H Area contaminant. plumes and the diversity of contamination 

within those plumes, and for the purpose of developing costs for this FFS, Alternative 

GW-5 is assumed to be applied separately at the 100-D/DR Area and 100-H Area. 

Application of Alternative GW-5 to the 100-D/DR Area was simulated by 

groundwater modeling to facilitate optimization of implementation design parameters. 

Modeling results indicate that a line of five extraction wells placed 30 m (100 ft) from 
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the Columbia River and spaced approximately 200 m (650 ft) apart maximized 

- --capture of the chromium plume and minimii.ed leakage into the river. An additional 

extraction well located near the 105-D reactor facility was included to reduce the peak 

concentration in the chromium plume. The combined extraction rate of all six wells 

is approximately 56 gpm. 

Application of Alternative GW-5 to the 100-H Area was also simulated by 

groundwater modeling to facilitate optimization of implementation design parameters. 

Modeling results indicate that a line of seven extraction wells placed 30 m (100 ft) 

from the Columbia River and spaced approximately 200 m (650 ft) apart maximized 

capture of the chromium plume and mioimired leakage into the river. The peak 

concentration within the chromium plume occurs within the radius of influence of the 

wells placed along the river. The combined extraction rate of all seven wells is 

approximately 350 gpm. 

4.5.2.4 Operational Considerations. Although the COCs identified in 100-D/DR 

Area groundwater are limited to chromium, low concentrations of other contaminants 

such as nitrate and strontium-90 are also present (DOE-RL 1993b). Similarly, low 

concentrations of nitrate, strontium-90, technetium-99, and uranium-238 also coexist 

within the chromium plume in 100-H Area groundwater (DOE-RL 1993b). The 

potential for these additional contaminants to enter the treatment system must be 

considered. 

Based on treatability study results, the anion exchange system required to 

remove chromium will also remove other anionic contaminants such as nitrates, 

technetium-99, and uranium-238. Although these contaminants will compete with 

chromium for binding sites on the resin, no significant operational impacts to the 

system will result. Treatability study results indicate that no interaction between 

chromium, nitrate, and uranium occur with Dowex 21k resin. Interactions with other 

constituents in the groundwater are possible and can be minimized with appropriate 

pretreatment (filtration, pH adjustment, etc.). Effluent monitoring will enable 

determination of chromium breakthrough that will require resin changeout or 

regeneration. 

Strontium-90 exists in groundwater as a cation and will not be removed in the 

anion exchange system. However, the peak concentration of strontium-90 is only 41 

pCi/L1 (DOE-RL 1993b) in the 100-D/DR Area and 33 pCi/L in the 100-H Area. 

Once groundwater from the line of extraction wells is combined prior to entering the 

ion exchange treatment system in each area, concentrations of strontium-90 will be 

diluted to negligible levels. That is, the plume is small, with an even smaller area at 

the peak concentration; f'illiftg reinjecting water from the entire front of the chromium 

plume will dilute the area of peak concentration for the strontium-90. 

The baseline description of Alternative GW-5 specifies reinjection into the 

unconfined aquifer for effluent from treatment systems that contains tritium activity 

1This concentration is qualified with a "J" or estimated qualifer. 
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concentrations above the SOWA MCL (20,000 pCi/L). The location of reinjection 

will be sufficiemly upgradient from the Columbia River to ensure that natural 

radioactive decay will reduce tritium levels to below the SOW A MCL prior to 

reaching the Columbia River. This situation may potentially occur in the 100-D/DR 

· I Area, where the peak concentration of tritium has been EletermifteEl observed to be 

approximately 78,000 pCi/L (DOE-RL 1993b). 

4.5.2.5 Modeling Results. Groundwater modeling results indicate the benefit of the 

removal, treatment, and disposal alternatives to be twofold. The extraction system 

acts as an effective hydraulic control measure by minimizing further migration of the 

chromium plume, and the treatment system effectively reduces the concentration of 

chromium within the extracted groundwater. Modeling results are independent of the 

treatment system because the groundwater model does not account for above-ground 

activities. However, the ion exchange treatability study results have demonstrated 

that the treatment system for Alternative GW-5 can effectively remove chromium 

from groundwater extracted from the 100-HR-3 Operable Unit. 

In comparison to the baseline (no action), an approximate 97% reduction in 

the mass of chromium entering the river from 100-D/DR Area and 100-H Area 

groundwater is achieved during the i,erioEl of iftterim aetioa interim remedial measure. 

Although the modeling results show that chromium concentrations in groundwater 

entering the river will remain above the EPA Ambient Water Quality Criteria level of 

11 ppb, the hydraulic effects of the extraction system significantly reduce the flow 

rate of contaminated groundwater into the river. 

The disposal aspect of this alternative is not included in the groundwater 

modeling results. Effluent from the treatment systems is to be discharged directly 

into the Columbia River (if at acceptable levels for such discharge) or reinjected to 

the aquifer. Based on the results of the ion exchange treatability study (WHC 1993c), 

chromium concentrations below 29 ppb total chromium and 19 ppb chromium (VI) 

are achievable2
• If injection into the aquifer becomes a necessary alternative to 

discharge into the river, additional detailed hydrologic analysis and numerical 

modeling will be conducted to simulate the effects. This detailed modeling will be 

conducted as part of the design of the pump and treatment system well network. 

4.6 ALTERNATIVE GW-6: REMOVAL, TREATMENT, AND DISPOSAL 

USING REVERSE OSMOSIS 

Althernative GW-6 is similar to Alternative GW-5 in that both alternatives 

specify remedial technologies for the removal, treatment, and disposal of 

contaminated groundwater beneath the 100 Area. The primary difference between 

these alternatives is the treatment technologies specified. Therefore, the general 

21'hese are the detection limits for the treatability study. The Contract Required Detection Limit (CRDL) for 

chromium is 10 µg/L (REF). 
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description of Alternative GW-6 also requires modification for application to the 

-C-OCs identifiea-in the 100-HR-3 Operable Unit. Since the removal, disposal, and 

monitoring aspects of this alternative are independent of the site specific conditions at 

each 100 Area groundwater operable unit, modifications to the baseline alternative are 

specific to the proposed treatment system. The aspects of Alternative GW-6 that are 

different from GW-5 are summarized below. 

e 

• 

• 

• 

8i0l0gieal treatmeftt Ne eielegieal treatmeets are specified in GW e. 

Chemical treatment - No chemical treatments are specified in GW-6 . 

Physical treatment - Only physical treatments are specified in GW-6 . 

Disposal - Crib disposal is specified in GW-6 to allow flexibility in 

disposal options. 

The general treatment system described for Alternative GW-6 (see Section 1.6 

of Appendix f; B) is modified on the basis of the COCs identified in 100-HR-3 

groundwater. As described for Alternative GW-5, no organic COCs are identified in 

100-HR-3 groundwater. Therefore, the air stripping/carbon adsorption process for 

removal of organic contaminants can be eliminated from the baseline treatment 

system. No other modifications to the baseline treatment system for Alternative GW-

6 are required. 

The modification described above reduces the baseline treatment system to 

reverse osmosis followed by evaporation. Groundwater feed into the treatment 

system is pretreated by pH adjustment and a crystallization inhibitor to maximize the 

efficiency of reverse osmosis. Cement solidification is retained for treatment of 

concentrate from the evaporator and other secondary wastes (settling tank sludge). 

Liquid effluent from the process is disposed as described in the baseline description of 

this alternative. The iron removal process specified in Alternative GW-5 for 100-H 

Area groundwater is also applicable to this alternative. The reverse 

osmosis/evaporation treatment system will be applicable to the 100-D/DR Area and 

100-H Area groundwater. Figure 4-5 presents a conceptual flow diagram of the 

modified treatment system proposed for application of Alternative GW-6 to the 100-

HR-3 Operable ·unit. 

4.6.1 Size and Configuration 

The same description for Alternative GW-5 applies to GW-6. 

4.6.2 Site-Specific Implementation 

The site-specific implementation discussion for Alternative GW -6 is the same 

as that described previously for Alternative GW-5. 
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- ------.4-.6.3 Operaticmal Considerations 

In addition to the chromium identified in 100-D/DR Area groundwater, low 

concentrations of other constituents such as nitrate, strontium-90, and tritium are also 

present (DOE-RL 1993b). Similarly, nitrate, strontium-90, technetium-99, and 

uranium-238 also coexist within the chromium plume in 100-H Area groundwater 

(DOE-RL 1993b). The potential for these additional constituents to enter the 

treatment system must be considered. In the absence of treatability study data, the 

effect of additional contaminaot4i on each treatment process is assessed below on the 

basis of whether the technology has been previously applied to the COCs in similar 

situations. 

Reverse osmosis is specified as a best available technology (BAT) for 

removing chromium and nitrate to MCL in the SDWA [40 CFR 141.62(c)]. Reverse 

osmosis has been effectively demonstrated for removing inorganic contaminants such 

as hexavalent chromium, trivalent chromium, nitrates, and uranium (Porter 1990, 

Huxstep and Sorg 1988). Decontamination factors over 100 have been achieved for 

removing strontium by reverse osmosis (Ebra et al. 1987). Similarly, reverse osmosis 

has been shown to achieve > 95 % removal of uranium from groundwater (Huxstep 

and Sorg 1988). The effectiveness of reverse osmosis to reject other radionuclides is 

considered high on the basis of engineering judgment. The effectiveness of reverse 

osmosis to treat to the Ambient Water Quality Criteria for chromium of 11 µg/L is 

uncertain. Treatability testing on a pilot scale would be required to develop cost and 

performance data to this level. 

Evaporation technologies have been used extensively for treatment of 

radioactive liquid wastes. As discussed in the baseline description of this alternative, 

the purpose of the evaporation process is to reduce the volume of contaminated 

groundwater requiring further treatment. Contaminated water from the Three Mile 

Island accident was treated with a vapor recompression evaporator. The evaporation 

process also included an auxiliary evaporator, flash vaporizer, and a concentrate 

dryer. The process was shown to effectively concentrate strontium-90, 

technetium-99, and uranium isotopes, as well as other radionuclides (Williams and 

Strand 1990). The process resulted in a 56: 1 volume reduction (Williams and Strand 

1990). Nonradioactive contaminants such as chromium can also be expected to 

concentrate in the evaporator bottoms, but nitrate will likely be volatilized with water 

vapor. 

Effluent from the reverse osmosis/evaporation treatment system that is 

contaminated with tritium at concentrations above the SDW A MCL (20,000 pCi/L) is 

disposed as described previously for Alternative GW-5 (see Section 4.1.5.3). Based 

on a peak tritium concentration of 78,000 pCi/L in the 100-D/DR Area, disposal of 

tritium-contaminated groundwater may be necessary. 
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4.6.4 Modeling Results 

The groundwater modeling results described previous for Alternative GW-5 

(see Section 4.1.5 .4) are also applicable to Alternative GW-6. As noted previously, 

the results presented are independent of the treatment process because the 
groundwater model does not include the effects of aboveground activities. Due to the 

effectiveness of reverse osmosis for chromium removal, the groundwater modeling 

results are considered valid for this alternative. The effect of removal, treatment, and 

disposal is significantly reduced chromium concentrations in the contaminant plumes 
and minimired plume migration. 

4.7 UNCERTAINTY ISSUES 

Application of the groundwater alternatives at the 100-HR-3 Operable Unit 
involves some degree of uncertainty as to implementability and effectiveness. 

Although other considerations such as community and regulatory acceptance of an 
alternative will also be uncertain, only technical uncertainty will be addressed here. 
The following sections describe the uncertainty associated with each alternative 
relative to the 100-HR-3 Operable Unit. 

Technical uncertainties that are common to each alternative include the 
following: 

• Horizontal and vertical extent of the plumes; 

• Heterogeneity in aquifer hydraulic properties, including hydraulic 
conductivity, retardation mechanisms, and preferential pathways; 

• Locations and identity of sensitive ecological receptors in the Columbia 
River; 

• Processes that occur in the zone of interaction between contaminated 
groundwater and river water that might influence sensitive receptor 
exposure; and 

• Effectiveness of groundwater withdrawal systems to capture 
contamination from the aquifer. 

These uncertainties limit the completeness of the conceptual site model for 
contamination at each reactor area. They also place significant limitations on 
numerical modeling results used to simulate groundwater flow and contaminant 
transport, and to compare alternatives for remedial actions. 

As part of planning the interim remedial measure, new information will be 

obtained to lessen the technical uncertainties associated with remedial design. A more 
detailed analysis of the hydrologic framework for each plume will be conducted, 
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I which will improve the conceptual site model and provide a better basis for the 

- l~umerical grmmdwater flow model that supports design of the extraction and injection 

I well networks. Field activities to measure chromium concentrations in salmon 

· 1 spawning habitat and to collect data on the zone of interaction between groundwater 

I and river water, will continue during the IRM. Performance monitoring during the 

I initial operation of active remediation systems will be used to evaluate the 

I effectiveness of the alternative, and to refine its design if appropriate. 

4.7.1 Alternative GW-1 

There is a0 ull6ertaiB:ty ass0eiatea wit:h the imf,lememati0a 0f this altemative 

aeeause a0 aeti0a is R(iUifed. Toe objective of the interim aetieft remedial measure 

(protection of the Columbia River) will not be achieved with no action. Uncertainty 

exists in the COCs identified for the operable unit. Because the COCs are based on 

the concentrations in the near-river wells, they may not represent accurate 

concentrations available for uptake by biological resources. Toe uncertainty could be 

lessened by modeling the interface between the river and the groundwater to 

determine an appropriate mixing value. This uncertainty applies to all the alternatives 

and is a major factor in the analysis of benefits versus costs. 

4.7.2 Alternative GW-2 

Implementation of the institutional controls alternative is relatively 

straightforward, requiring only administrative effort and legal enforcement. Since the 

Hanford Site will remain under government control throughout the interim action 

period (year 2008), this alternative is essentially in place. The instituti0el e0aa:0ls 

eltemati11e is eoasitleretl to he e(iUiYeleat to ao eeti0a eatl is, therefof'e, aot etltlressetl 

es e SCfUlrftte eltemeth1e. Uncertainty issues are similar to GW-9. 

4.7.3 Alternative GW-3 

Toe uncertainty associated with the containment alternative in the 100-D/DR 

Area is the ability to implement a sheet piling wall along the bank of the Columbia 

River. Construction of a sheet piling wall requires pile driving steel sheets into the 

soil formation directly adjacent to the river. These soils are considered to be 

predominately Ringold Formation soils. However, the presence of subsurface 

obstructions, such as cobbles or boulders, can inhibit pile driving activities. 

Excavation may be applicable for infrequent subsurface obstruction removal 

requirements. An additional concern involves the ability to construct the sheet piling 

wall in the area along the river where a steep embankment exists close to the river. 

Excavation of this embankment may be required to enable construction of the sheet 

pile wall in this area. Additional characterization of the 100-D/DR Area along the 

riverbank, and treatability testing, may be required to verify implementability of the 

sheet piling wall. 
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The primary concern associated with the containment system specified for the 

- ---100-H Area is the ability of hydraulic control wells to effectively contain the 

chromium plume. The extent of contamination in the vertical direction within the 

unconfined aquifer is important to effective hydraulic control. The well system 

(screening) should only extract and inject groundwater within the plume area. 

Extraction and injection throughout the vertical extent of the aquifer could result in 

the spread of contamination and ineffective containment. Withdrawal of water from 

near the river will result in induced flow from the river. This portion of river water 

will then be added to the groundwater, resulting in a net increase in the quantity of 

water in the flow system and an increase in hydraulic gradient. Daily and seasonal 

fluctuations in the river stage will add to the operational difficulties associated with 

the use of hydraulic control in the lQO..H Area. Additional characterization of 100-H 

Area groundwater will enable more precise definition of the chromium plume and, 

consequently, of the containment system. 

An additional consideration for the 100-H Area is the suitability of a hanging 

wall. Data concerning deep contamination may show that keying in to a confining 

layer is not necessary, and that the vertical barrier is an acceptable alternative at 

100-H Area. 

4.7.4 Alternative GW-4 

The in situ treatment alternative is not applicable to the conditions in the 

100-HR-3 Operable Unit (see Section 4.4) . Therefore, no discussion of uncertainties 

is presented for this alternative. 

4.7.5 Alternative GW-5 

The primary uncertainty associated with this alternative is the effectiveness of 

pump and treat in satisfying RAOs for preventing the migration of contaminated 

groundwater into the Columbia River. Groundwater modeling results for the 

100-D/DR Area indicate a significant reduction in the mass of chromium and volume 

of contaminated groundwater reaching the river. However, the concentration of 

chromium in groundwater entering the river remains above the EPA Ambient Water 

Quality Criteria level (11 ppb). Conventional pump and treat methods have been 

shown to reduce contaminant mass and prevent further migration, but the ability to 

reduce contaminant levels to drinking water standards has been limited (PE 1993). 

Contaminants adsorbed onto soil particles may dissolve into the groundwater once 

pumping stops, thereby recontaminating the aquifer. 

The adsorption characteristics of chromium in the unconfined aquifer beneath 

the 100-D/DR and 100-H Areas are critical to the evaluation of the pump and treat 

alternatives. Chromium must be removable from the aquifer in order for pump and 

treat to be effective and efficient. Because of the site-specific variability of 

contaminant adsorption coefficients, additional site characterization or testing could be 
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performed to more accurately determine the ability to remove chromium from the 
- -unoonfined aquifer. 

4.7.6 Alternative GW-6 

The uncertainties associated with this alternative are identical to those 
identified for Alternative GW-5. Alternatives GW-5 and GW-6 are essentially the 
same, ·except for the technologies specified for treating contaminated groundwater. 
Uncertainty exists in the ability of reverse osmosis to treat to the 11 ppb level. 
Treatability testing of operable unit-specific groundwater would help resolve the 
uncertainty. 
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Figure 4-3. Conceptual Containment System at 100-H Area. 
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5.0 MODELING RESULTS 

Numerical groundwater flow and solute transport models of the unconfined 

groundwater flow systems in the 100-D/DR and 100-H Areas were developed to 

evaluate alternative remedial actions for minimizing further migration of chromium to 

the Columbia River. Existing data and information were not sufficient ot support 

more than a qualitative comparison of the alternatives, especially when the 

uncertainties generally associated with modeling are factored in. The results and 

predictions provide a relative basis for comparison, but the values should not be 

considered absolute, nor a reliable estimate of alternative effectiveness or efficiency. 

The model results provide the description of intended impacts to the aquifer and 

contaminant plumes, and the numbers provide a basis to convey the anticipated 

magnitude of change. This section describes the design of these numerical models 

and the assumptions used in constructing the models. 

5.1 GROUNDWATER FLOW MODELS 

5.1.1 Model Design 

One groundwater flow model was developed for the 100-H Area, and one 

model was developed for the 100-D/DR Area. Both groundwater flow models were 

designed and constructed with Mode1Cad386
'", a computer-aided design (CAD) software 

package for groundwater modeling (Geraghty and Miller 1993). Mode1Cad386
'" has an 

interactive graphical interface, which provides a fast and accurate method for 

designing and constructing numerical groundwater flow models. 

5.1.1.1 Model Code. The groundwater flow code that was used for the 100-D/DR 

and 100-H Area models was MODFLOW (McDonald and Harbaugh 1988), a 

finite-difference groundwater flow model code developed by the United States 

Geological Survey (USGS). MODFLOW was selected for this evaluation because it 

is capable of simulating the unconfined aquifer on a personal computer. The code can 

be linked to MT3d, a well documented transport code. Beeatise the fJtiff'ese ef the 

meaeliftg effert was to StifJfJOrt aetailea lfflftlysis of altem&ti11es, a SHBfJle, r,ersonal 

eefflf)tlter aasea meael was aesirea. The intent was to Efti&nt:ify describe in relative 

terms the effeeti1reaess impact of the alternatives. The modeling serves only as a tool 

for lfflftlysis comparison. 

5.1.1.2 Assumptions of Model Design. All exact hydrogeologic conditions that 

control the movement of groundwater in an aquifer system are not known. 

Therefore, some assumptions and simplifications must be made in constructing 

numerical models that simulate groundwater flow. The following assumptions were 

made in the construction of the groundwater flow models. 

5-1 
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• The unconfined aquifer receives recharge by infiltration of 

precipitation. 

• There is no vertical flow of groundwater between the unconfined 

aquifer and the underlying layers. 

• The Columbia River has a uniform streambed thickness and a unifonn 

depth along the entire reach of the river within the model grid; it can 

be adequately simulated with the River Package in MODFLOW. 

• The groundwater flow can be adequately simulated using steady state 

conditions, given the objective ·of the modeling effort (to evaluate the 

relative effectiveness of alternatives) . 

• The contaminantc, are uniformly distributed vertically throughout the 

aquifer. 

The scope of the modeling effort was to develop models to compare the 

relative effectiveness of the various alternatives, not for design purposes, or 

quantifying measures of effectiveness or efficiency. Therefore, it was not feasible to 

model all of the details of the aquifer system, in particular the large daily and 

seasonal variations in the Columbia River stage. Because all of the alternatives are 

simulated in the same manner and use the average river stage, the modeling is 

adequate for the comparison of the relative effeeti\1eeess performance of alternatives. 

The mixing 20ee betweee the &EfUifer &Bd t:he ri11er w&s eot simHl&tecl, so t:he results 

&re e0aserv&ti1•1e, with mere ehremium goi:ftg to the Columbia Ri11er thaB if t:he 

ehromium 'N&s clilutecl iB the mixiBg 2oee. To date, little vertical profiling of the 

contamination has been performed in the 100 Areas, so the contamination was 

assumed to be uniformly distributed vertically. The modeling did not include dilution 

effects at the river-aquifer interface, where water from the river and water from the 

aquifer mix, or contaminant mobilizaiton from the vadose zone during perionds of 

high river stage. While the contaminant concentration would decrease because of the 

dilution, the concentration would tend to increase where and when contaminants were 

mobilized from the vadose zone into the aquifer. Because these effects were 

considered beyond the scope and intent of the purpose of the modeling, and the 

magnitude of these effects is currently unknown, they were not included in the 

modeling effort. 

Rigorous and thorough calibration of the models was neither intended or 

attempted. Data and information were sufficient to support only a rough 

approximation of the hydrologic conditions. Estimated values for hydraulic properties 

range over as many as three orders of magnitude, and aquifer testing and analysis to 

map out the heterogeneities has not been performed. Consequently, only a simple 

calibration to hydraulic head, as determined from water table maps, was considered 

adequate. The modeling results are intended to provide a relative basis for 

comparison, not an absolute estimate or evaluation of any alternative's performance or 

effectiveness. The calibration is intended to show that the model, using the 
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information that is available, can simulate each remedial alternative for the purpose of 

1elative comparison. 

5.2 100-D/DR AREA GROUNDWATER FLOW MODEL 

5.2.1 100-D/DR Area Model Grid 

A 135-'row by 95-column, two-dimensional (one-layer), finite-difference grid 

was constructed for the 100-D/DR Area groundwater flow model (Figure 5-1). The 

grid was uniformly spaced, with a row and column spacing of 20 m (66 ft). The 

y-direction of the grid was oriented in a north-south direction, approximately parallel 

to the principal direction of groundwater flow in the 100-D/DR Area. 

5.2.2 Boundary Conditions 

The boundary conditions of a model define the head elevation or groundwater 

flow rate along the boundaries of the model domain and were used to simulate 

hydrogeologic conditions that control the flow of groundwater in an aquifer system. 

The boundary conditions used in the 100-D/DR Area groundwater flow model were 

as follows: 

• 

• 

• 

• 

Top of the model - Water table (free-surface boundary) 

Bottom of the model - No flow 

Northeast. south. southwest and east boundaries - Constant head 

Northwest boundary - River nodes (head-dependent flow) . 

The lower boundary of the model grid was represented as a no-flow boundary 

because the unconfined aquifer in the 100-D/DR area is underlain by low-hydraulic

conductivity clays (DOE-RL 1993a). It was necessary to simulate the northeast, 

south, southwest, and east boundaries as constant head boundaries because of the 

unusual groundwater flow patterns in this area (i.e., flow is not perpendicular to the 

Columbia River). 

The Columbia River was simulated in the model as river nodes, a type of 

head-dependent flow boundary. The model adjusted the direction and rate of flow 

across the river nodes, based on the difference in the groundwater levels simulated by 

the model and the stage elevations of the river nodes. When the simulated 

·groundwater levels were higher than the stage elevations of the river nodes, flow was 

outward from the model along the nodes. When the simulated groundwater levels 

were lower than the stage elevations of the river nodes, flow was inward to the model 

along the nodes. The river nodes were used to simulate, in a simplified manner, the 
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hydraulic interaction between the Columbia River and the unconfined aquifer in the 

- -100-D/DR Area-:-

5.2.3 Initial Conditions 

Heaa ele·ratioes alo&g the eoesta:ftt heaa eoaaeO:fies ea ri·rer st.age ele¥atioas 
iB the ri¥er aeees were speeifiee as initial eeBElitieBS fer the 100 DlDR Area 
gt'fflHltiwater flew model. The head elevations for the constant-head boundaries were 

estimated by constructing a groundwater elevation contour map of the unconfined 
aquifer from water levels measured in the monitoring wells on November 16, 1993, 
and projecting the elevation contours to the model grid boundaries. River stage 
elevations were estimated by extrapolating the mean daily stage elevation recorded at 

the 100-N gaging station on November 16, 1993, to the 100-D/DR Area using the 
river gradient measured on the USGS Vernita Bridge and Coyote Rapids 1 :24,000 
scale topographic quadrangle maps of the area. The November 1993 time period was 

selected because a review of river stage data showed that the November stage was 
near the yearly average. In addition, no large seasonal variations were occurring at 
that time. November 16 was selected because it corresponded with the date of 
groundwater elevation measurement (Figure 5-2). 

5.2.4 Bottom Elevations of Model Grid 

A contour map of the bottom elevations of the unconfined aquifer (Unit E of 

the Ringold Formation) (Lindsey and Jaeger 1993) was constructed from the geologic 
logs of the monitoring wells in the 100-D/DR Area using the computer graphics 
software package SURFERTI( (Golden Software 1991). The bottom elevation contour 

map was discretized to the model grid nodes for input to MODFLOW using 
Mode1Cad386'" (Figure 5-3). 

5.2.5 Recharge 

The aquifer recharge is reported to range from Oto 10 cm/yr (Gee 1987). A 
uniform recharge of 5 cm/yr (2 in/yr) was used in the flow model. This recharge rate 

was determined by calibration of the flow model under steady-state flow conditions. 

5.2.6 Aquifer Hydraulic Conductivity 

The hydraulic conductivities of the 100-D/DR Area are reported to range from 

3 to 160 mid (10 to 530 ft/d) (Hartman and Peterson 1992). Two values of aquifer 

hydraulic conductivity were used in the flow model. A hydraulic conductivity of 5 
mid (16 ft/d) was used in model grid in the vicinity of wells 199-D5-13, 199-D5-20, 
199-D8-4, and 199-D8-6. A hydraulic conductivity of 15 m/day (49 ft/day) was used 
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elsewhere in the model grid. These two zones of hydraulic conductivity were used to 

--provide the best-match between model-predicted and observed water-level elevations. 

5.2. 7 Starege CaeffieieBt: ed Perasity Specific Hield and Porosity 

A unifofftl stomge eoeffieieftt of 0. 02 (aimeesioB:less) £tBd a f)Orosity of 20 % 

was usea iii die flo:r.v moael for die ~ieftt simulalioes. The storage eoefficieftts for 

die useoefmea &(illifer at die Hftflfoffi Site Me Fef)Onea to r&B:-ge from 0 .01 to 0.2 

(HBftfflBB £tBd PeterSOfl 1992). 

For the transient flow modeling performed to describe the changes to the 

aquifer caused by some of the alternatives, a value of 0.02 was input for the specific 

yield. For the contaminant transport modeling, a value of 0.20 was used for the 

porosity to calculate the apparent velocity of the groundwater and groundwater 

contaminants. Hartman and Peterson (1992) reported that specific yield values 

calculated from data collected from the unconfined aquifer ranged from 0.01 to 0 .20 

at the Hanford Site. 

5.2.8 River Nodes 

The MODFLOW River Package is used to simulate the Columbia River in the 

flow model. This package simulates the interaction of the Columbia River with the 

unconfined aquifer in the 100-D/DR Area. The River Package requires the following 

as input for each node simulating the Columbia River in the model grid: 

• River stage elevation 

• Bottom elevation of the river bed 

• Hydraulic conductance of the river bed. 

River stage elevations were estimated by extrapolating the mean daily stage 

elevation recorded at the 100-N gaging station on November 16, 1993, to the 100-

D/DR Area. A uniform river depth of 4 m (13 ft) was assumed to estimate the 

elevation of the river bed bottom at each river node. 

The river bed hydraulic conductance is defined by the following equation 

(McDonald and Harbaugh 1988): 

CRIV=KLW/M 
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CRIY = hydraulic conductance of the river bed 

K = vertical hydraulic conductivity of the river bed material 

L = length of the river reach within the model grid cell 

W = width of the river reach within the model grid cell 

M = thickness of the river bed or distance between the river bed and adjacent 

aquifer node, depending on whether the head losses occur across a discrete 

streambed layer or are distributed more gradually throughout the aquifer. 

The hydraulic conductance of the river nodes representing the Columbia River 

in the flow model was calculated assuming a uniform river bed thickness of 1 m (3 ft) 

for the river in the 100-D/DR Area. A vertical hydraulic conductivity of 5 mid (16 

ft/d) for the river bed was used in the river bed conductance calculations for the 

model. The ·••ertie&l hydraulie e0ftdtleti11ity river bed hydraulic conductance was 

adjusted in the calibration process to determine the best match between 

model-predicted and observed groundwater elevations. 

5.2.9 Model Calibration 

The 100-D/DR Area groundwater flow model was calibrated to the water 

levels in the monitoring wells measured on November 16, 1993. The stage of the 

Columbia River, which is controlled by upstream dam releases, can vary daily from 

1.8 to 2.5 m (6 to 8 ft) and seasonally from 2.5 to 3.1 m (8 to 10 ft) (DOE-RL 

1993a). Groundwater flow direction is primarily to the north. This flow direction 

varies during the year based on river stage and recharge. 

The flow model was calibrated by inputing initial estimates of recharge, 

aquifer hydraulic conductivity, and river bed conductance into the flow model, then 

solving the model for steady-state flow conditions. These estimated input parameters 

were then varied in successive simulations until the steady-state head solution output 

by the model reasonably matched the November 1993 water levels in the monitoring 

wells (see Figure 5-4). A comparison of the steady-state head solution of the 

calibrated model and the November 1993 water levels is presented in Table 5-1. 

Additional calibration details are provided in Appendix C. 

5.3 100-H AREA GROUNDWATER FLOW MODEL 

5.3.1 100-H Area Model Grid 

A 160-row by 106-column, three-dimensional (two-layer), finite-difference 

grid was constructed for the 100-H Area groundwater flow model (Figure 5-5). Most 

of the grid was uniformly spaced, with a row and column spacing of 10 m (30 ft). A 

variable row spacing (ranging from 15 to 85 m [49 to 280 ft]) was used in the 
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Columbia River to reduce the number of elements. The grid was rotated 52° so that 

- --the-Columbia River was parallel to the X axis. 

5.3.2 Boundary Conditions 

The boundary conditions used in the 100-H Area groundwater flow model 

were as follows. 

• Top of the model - Water table (free-surface boundary) 

• Bottom of the model - No flow 

• Southwest boundary - Constant head 

• northeast boundary - River nodes (head-dependent flow) 

• Southeast and northwest boundaries - No flow (parallel to groundwater 

flow). 

The bottom of the model was represented as a no-flow boundary because the 

unconfined aquifer in the 100-H Area is underlain by low-hydraulic-conductivity 

sediments (Lindsey and Jaeger 1993). The southeast and northwest boundaries are 

represented as no-flow boundaries because the groundwater flow is parallel to the 

boundary; therefore, there is no flow acorss the boundary. 

The Columbia River was simulated in the model with river nodes, as discussed 

previously. 

The southwest boundary was determined by extrapolating the water table data 

for November 16, 1993. This boundary was simulated as constant head because it is 

perpendicular to the groundwater flow direction. 

The seuthe0:st O:fttl nefthwest eeanaO:fies wefe ne flew eeeaase tftey O:fe p0:mUel 

te tfte g1=euna·n0:tef fle•.v Elireetien. 

5~3.3 Initial Conditions 

Heae ele110:tiens aleng tfte oensta&t heaa eeanearies and fi¥ef stage ele11atiens 

iB the rivef neees wefe si,eeifiee as initi&l eenaitiens fef the 100 H Area gfeana·natef 

flew meeel. The head elevations for the constant-head boundaries were estimated by 

constructing a groundwater elevation contour map of the unconfined aquifer from 

water levels measured in the monitoring wells in November 1993, and projecting the 

elevation contours to the model grid boundaries. River stage elevations were obtained 

from the 100-H Area gauge. A gradient was then imposed in the river based on the 

gradient measured from the USGS Vernita Bridge and Coyote Rapids 1:24,000 scale 
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topographic quadrangle maps. The November 1993 time period was selected because 

- - a-review of river stage data showed that the November stage was near the yearly 

average. In addition, no large seasonal variations were occurring at that time. 
November 16 was selected because it corresponded with the date of groundwater 

elevation measurement. 

5.3.4 Bottom Elevations of Model 

The Ringold/Hanford Formation contact formed the base of model Layer 1. A 

contour map of the Ringold/Hanford Formation contact was constructed from the 
geologic logs of the monitoring wells in the 100-H Area, using the computer graphics 

software package SURFER'"' (Golden Software 1991). This contour map was 
discretized to the model grid nodes for input to MODFLOW using Mode1Cad386

'". 

The bottom of model Layer 2 was set at a constant elevation of 55.5 m (182 ft) based 
on average bottom of Ringold Unit E data from Lindsey and Jaeger (1993). 

5.3.5 Recharge 

The aquifer recharge is reported to range from Oto 10 cm/yr (Gee 1987). A 
uniform recharge of 7 .3 cm/yr (3 in/yr) was used in the flow model. This recharge 
rate was determined by calibration of the flow model under steady-state flow 
conditions. 

5.3.6 Aquifer Hydraulic Conductivity 

The hydraulic conductivities in the 100-H Area are reported to range from 21 
to 37 mid (70 to 120 ft/d) for the Hanford Formation and from 0.04 to 107 mid (0.14 

to 350 ft/d) for the Ringold Formation (Hartman and Peterson 1992). A hydraulic 
conductivity of 28.6 mid (94 ft/d) was used for Layer 1 (the Hanford Formation) and 

a hydraulic conductivity of 2.86 m/day (9 ft/day) was for Layer 2 (Ringold Unit E). 

These values of aquifer hydraulic conductivity were determined by calibration of the 

flow model under steady-state flow conditions. 

5.3. 7 Sterege CeeffieieRt Bftd Peresity Specific Yield and Porosity 

A 'lffliferm stemge eeeffieieftt. ef G. G:2 (aimeft5ieeless) aae a 130r0sity ef 2G % 
was ased iB the fle•.v medel fer the ffll:ft:Sieftt. siml:llatiees. 

For the transient flow modeling performed to describe the changes to the 
-aquifer caused by some of the alternatives, a value of 0.02 was input for the specific 

yield. For the contaminant transport modeling, a value of 0.20 was used for the 
porosity to calculate the apparent velocity of the groundwater and groundwater 
contaminants. Hartman and Peterson (1992) reported that specific yield values 
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I calculated from data collected from the unconfined aquifer ranged from 0.01 to 0.20 

+-at-the Hanford -Site . 

. 5.3.8 River Nodes 

Toe MODFLOW River Package is used to simulate the Columbia River in the 

flow model. River stage elevations were estimated by extrapolating the stage data 

recorded at the 100-H gauging station from the time period of groundwater level data 

collection on November 16, 1993. A uniform river depth of 3 m (10 ft) was assumed 

to estimate the elevation of the river bed bottom at each river node. 

Toe hydraulic conductance of the river nodes representing the Columbia River 

in the flow model was calculated assuming a uniform river bed thickness of 1 m (3 

ft) . A vertical hydraulic conductivity of 2.86 mid (9 ft/d) for the river bed was used 

in the river bed conductance calculations for the model. This vertienl hyaffH:llie 

eoBGl::letivity river bed hydraulic conductance was adjusted in the calibration process to 

determine the best match between model-predicted and observed groundwater 

elevations. 

5.3.9 Model Calibration 

Groundwater flow directions in the 100-H Area are primarily to the northeast. 

Flow reversals occur occassionally during periods of high river stage. Toe 100-H 

Area groundwater flow model was calibrated to the water levels in the monitoring 

wells measured on November 16, 1993. Toe flow model was calibrated by inputing 

initial estimates of recharge, aquifer hydraulic conductivity, and river bed 

conductance into the flow model, then solving the model for steady-state flow 

conditions. These estimated input parameters were then varied in successive 

simulations until the steady-state head solution output by the model reasonably 

matched the November 16, 1993, water levels in the monitoring wells. A comparison 

of the steady-state head solution of the calibrated model and the November 1993 

water levels is presented in Table 5-2, and the calibrated water table surface is shown 

in Figure 5-7. Additional calibration details are provided in Appendix C. 

5.4 SOLUTE TRANSPORT MODELS 

5.4.1 Model Design 

Toe 100-D/DR and 100-H Area solute transport models were designed and 

constructed with Mode1Cad386- (Geraghty and Miller 1993). 

5.4.1.1 Transport Code. Toe solute transport code that was used for the 100-D/DR 

and 100-H Areas was MT3D, a finite-difference code developed by S. S. Papadopulos 

and Associates (1991) . MT3D simulates the advection, dispersion, and chemical 
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reactions of dissolved cootaminantc; in groundwater flow systems. The code uses a 

- ~ombination of-the method of characteristics (MOC) and the modified method of 

characteristics (MMOC) for the solution of the advection-dispersion-reaction equation. 

The MOC technique was originally developed for solute transport models by the 

USGS (Konikow and Bredehoeft 1978). MT3D was selected for this evaluation 

because it is well documented and is designed to be used in conjunction with the 

groundwater flow model code MOD FLOW. 

5.4.2 100-D/DR Area Technical Approach 

Solute transport models are typically developed by calibration of the models to 

both past and present water quality conditions in a groundwater flow system. Because 

the available historical water quality data from the 100-D/DR Area are very limited, a 

different approach was used to develop the transport model for this area. The solute 

transport model for the 100-D/DR Area was developed by first performing a 
sensitivity analysis of the model to the transport parameters porosity, dispersivity, and 

retardation. The remedial action alternatives were then evaluated using a range of 

values for the transport parameters to which the model solution was determined to be 

sensitive. 

5.4.2.1 Sensitivity Analysis. A sensitivity analysis was performed on the 100-D/DR 

Area solute transport model to determine the uncertainty of the model solutions due to 

the uncertainty in the estimates of the transport parameters used in the model. 

Transport simulations were run using a range of porosities, dispersivities, and 

retardation factors to determine the sensitivity of the model solutions to these 

transport parameters. 

The October-December 1992 unfiltered chromium concentrations (DOE-RL 

1993b) were used as initial concentrations for the transport simulations. No source 

term was simulated due to the lack of data. In addition, the model assumes that no 

chromium is added to the groundwater system after 1997. Migration of the chromium 

plume was simulated for a period of 16 years (to 2008) using the flow field solution 

from the calibrated steady-state flow model. Sensitivity simulations were run using 

porosities of 15%, 20%, and 25%; longitudinal to transverse dispersivities of 10/1 m 

(30/3 ft) and 100/10 m (300/30 ft); and retardation factors of 10, 25, and 50. The 

porosities, dispersivities, and retardation factors used in the sensitivity simulations 

were considered to represent the widest plausible range of values for the unconfined 

aquifer in the 100-D/DR Area, based on solute transport modeling at other areas 

within the Hanford site (for example, Connelly [1991]). 

The sensitivity analyses indicated that the transport model solutions were 

sensitive to both dispersivity and retardation. The model solutions were most 

sensitive to the dispersivity and less sensitive to the retardation factor used in the 

simulations. The model solutions were not significantly sensitive to porosity at 

retardation factors > 10 or to retardation values > 25. The results of the sensitivity 

analysis are presented in Table 5-3 and are discussed in more detail in Appendix C. 
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- -5-;4;3 100-H Area Technical Approach 

The 100-H Area solute transport model was developed by inputing 1987 

unfiltered chromium data as initial conditions and calibrated by matching 1992 data. 

The 1987 data set was selected for the initial concentrations because that time period 

marked the beginning of RCRA monitoring. Therefore, it was the oldest data set 

with sufficient data to develop initial conditions. The 1992 data set was used for 

calibration because there are some uncertainties in more recent metals data (Peterson 

1993). No source term was simulated due to the lack of data. The model assumes 

that there no chromium has been added to the groundwater system since 1987. 

The initial concentration data were input to the model and the retardation and 

dispersivity were adjusted to obtain the best match between observed and model

predicted chromium concentrations. The best match was obtained with a longitudinal 

dispersivity of 5 m (16 ft), a transverse dispersivity of 0.5 m (1.6 ft), and a 

retardation of 25 . Because a calibration approach was used for the 100-H Area 

model, a separate sensitivity analysis was not performed. Calibration details are 

provided in Appendix C. 

5.5 MODELING RESULTS 

5.5.1 100-D/DR Area No Action Alternative 

For the no action alternative, chromium plume migration was simulated to the 

year 2008. The October-December 1992 unfiltered chromium concentrations were 

used as the initial concentrations for the solute transport simulation. Plume migration 

was simulated using the flow field solution from the calibrated steady-state 

groundwater flow model. The transport simulation was run using a porosity of 20 % , 

longitudinal to transverse dispersivities of 10/1 m (30/3 ft) and 100/10 m (300/30 ft), 

and retardation factors of 10 and 25 . Total simulation time was 16 years (to 2008). 

The chromium concentration contour map from the transport simulation 

solution using 20 % porosity, 10 m (30 ft) longitudinal dispersivity, 1 m (3 ft) 

transverse dispersivity, and a retardation factor or 25 is shown in Figure 5-8. 

5.5.2 100-D/DR Area Vertical Barrier Alternative 

The vertical barrier alternative consisted of a vertical, low permeability wall 

placed near the Columbia River to act as a barrier for the further migration of 

contaminated groundwater into the river. In the model, a single groundwater 

extraction well was simulated at each end of the vertical barrier to minimize the 

migration of groundwater around the ends of the wall. 
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For the barrier wall simulations, the calibrated groundwater flow model was 

- ~edified by changing the aquifer hydraulic conductivity in a line of grid nodes along 
the Columbia River to 1 x 1~ cm/s to represent the barrier wall. Based on the grid 
size, the effective width of the wall is 20 m (66 ft) and the wall is 1,300 m (4,300 ft) 

long. The 20 m (66 ft) width and 10"° cm/s hydraulic conductivity result in a 
conservative estimate of chromium entering the river. If the actual barrier used was 
the sheet pile, the effective hydraulic conductivity would be lower. Two well nodes 

were also added to the model near the ends of the simulated barrier wall to represent 

the groundwater extraction wells. The discharge rate of the well nodes was set at 109 
m3/d (20 gpm). Plume migration was then simulated using the flow field solution 

from the modified calibrated groundwater flow model. Transport simulations were 
run using the same range of transport parameters as for the no action alternative. 
Total simulation time was 16 years for both the flow and transport simulations. 

The chromium concentration contour map from the barrier wall simulation 
solution using 20% porosity, 10 m (30 ft) longitudinal dispersivity, 1 m (3 ft) 
transverse dispersivity, and a retardation factor or 25 is shown in Figure 5-9. the 
ehfefflftl:IB eeeeeMF&t:ies eemeurs e:,i:tefttling fFem the wall te *he ri:Yer i:fi *Bis figure 
reJ3resem residual ees*°miBaties ift *Bis 2eee. Chromium concentration contours 
shown in the figure to extend from the wall to the river represent chromium which 

began the simulation between the barrier wall and the river, and which remained in 
place because the barrier wall eliminated the hydraulic gradient transporting it to the 
river. The water table map for this simulation is shown in Figure 5-10. lfHhe 
barrier wall sHBUlatieM, *he ammmt ef ehfomiam going to *he ri:Yer is reclaeecl by 94 
te 96% wi*h 1.3 to 12.8 kg of ehfelBHJ:fft reme•f'ee by *he wells e:Yer 16 years. The 
vertical barrier wall simulations showed that the barrier wall, with the two wells 
located near the ends, reduced the amount of chromium entering the river by about 95 
percent. Such a high percentage of reduction indicates that under the conditions 

simulated by the model, the vertical barrier wall would block the path of the majority 
of chromium to the river. Compared with the no action simulations, these simulations 
indicate that a vertical barrier wall would be effective in minimizing further migration 
of contaminated groundwater into the Columbia River. 

S.S.3 100-D/DR Area Groundwater Extraction and Treatment Alternative 

Modeling the groundwater extraction and treatment alternative· consisted of a 
line of extraction wells along the Columbia River to control further migration of the 
contaminated groundwater into the river. A single groundwater extraction well was 
also installed near the 105-D reactor facility to reduce contaminant concentrations in 

this area. 

For the groundwater extraction and treatment simulations, the calibrated 
groundwater flow model was modified by adding six well nodes to the model to 
represent the boundary control and reactor facility extraction wells. Five well nodes 
were placed along the Columbia River. The locations, spacing, and discharge rates of 
these well nodes were varied in successive simulations to maximize plume capture and 
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to minimize the leakage of water from the river nodes simulating the Columbia River 

- --due-to the well-nodes (minimizing the uptake of river water by the boundary control 

wells). The discharge rates of the well nodes were also restricted so that the water 

levels in the grid cells with the well nodes were at least 2 m (7 ft) above the bottom 

of the model, allowing sufficient water for operation of the pumps in the extraction 

wells. A well spacing of approximately 200 m (660 ft) with discharge rates between 

38 and 82 m3/day (7 and 15 gpm) maximized plume capture and minimized the river 

leakage in the model due to the well nodes. 

Plume migration was then simulated using the flow field solution from the 

modified calibrated groundwater flow model. Transport simulations were run using 

the same range of transport parameters as for the no action alternative. Total 

simulation time was 16 years for both the flow and transport simulations. 

The chromium concentration contour map from the extraction and treatment 

simulation solution using 20% porosity, 10 m (30 ft) longitudinal dispersivity, 1 m (3 

ft) transverse dispersivity, and a retardation factor of 25 is shown iii Figure 5-11. 

The water table map for this simulation is shown in Figure 5-12. Ia the e*tr-aetioa 

&BEi tFeatmeftt simtdatiom, the diselfflfge of ehf:omHffll to the ColHfflbia Ri11er was 

redaeed ey 9~ to 98% 0 1•1er the 1~ year time f)eried of the simalatioD:S. The 

extraction and treatment simulations showed that the well network reduced the amount 

of chromium entering the river by over 95 percent. Such a high percentage of 

reduction indicates that under the conditions simulated by the model, the extraction 

and treatment system would intercept the path of the majority of chromium to the 

river. Compared with the no action simulations, these simulations indicate that a 

groundwater extraction and treatment system would be effective in minimizing further 

migration of contaminated groundwater into the Columbia River. The eofttaf:Bfflfttioa 

e*teBEling to tBe ri1rer m Pigure 5 11 is residual ehromHffll that was f)FCSeftt f)rior to 

~t¼f:Bf)iftg . Chromium concentration contours shown in figure 5-11 to extend from the 

extraction and treatment system to the river represent chromium which began the 

simulation between the system and the river, and which remained in place because the 

pumping eliminated the hydraulic gradient transporting it to the river. 

5.5.4 100-H Area No Action Alternative 

For the no action alternative, chromium plume migration was simulated to the 

year 2008. The 1987 unfiltered chromium concentrations were used as the initial 

concentrations for the solute transport simulation. Plume migration was simulated 

using the flow field solution from the calibrated steady-state groundwater flow model. 

The chromium concentration contour map for the no action simulation in 2008 is 

shown in Figure 5-13. 

5.5.5 100-H Area Vertical Barrier Alternative 
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The vertical barrier alternative consisted of a vertical, low permeability wall 

---placed near the-Columbia River, which would act as a barrier for the further 
migration of contaminated groundwater into the river. In the model, a single 
groundwater extraction well was installed at each end of the vertical barrier to 

minimize migration of groundwater around the ends of the wall. 

For the barrier wall simulations, the calibrated groundwater flow model was· 

modified by changing the aquifer hydraulic conductivity in a line of grid nodes along 

the Columbia River to 1 x 10-6 emfs to represent the barrier wall. Based on the grid 
siz.e, the effective width of the wall is 10 m (33 ft) and the wall is 1,300 m (4,300 ft) 
long. Two well nodes were also added to the model near the ends of the simulated 
barrier wall to represent the groundwater extraction wells. The discharge rate of the 

well nodes was set at 136 m3/d (25 gpm). Plume migration was then simulated using 
the flow field solution from the modified calibrated groundwater flow model. The 
simulation was run with the 1994 concentrations from the no action simulation to 
represent the installation of the wall in 1994. The total simulation time was for both 
the flow and transport simulations was 14 years (to 2008). 

The chromium concentration map and water table map from the barrier wall 
simulation at 2008 are shown in Figures 5-14 and 5-15. The wall is not specifically 
marked on Figure 5-11, but the location can be identified by the bunched contours 
parallel to the river. IB the btlffler wall sifffltletioB, t:be &mouBt of elHomium going to 
the ri11er was re<:ltieea by 9i! % , wit:b 40 ltg of ehroftffl:HB remo11ea by the two wells 
o,1er t:be 14 year simtilatioB period. The vertical barrier wall simulations showed that 
the barrier wall, with the two wells located near the ends, reduced the amount of 
chromium entering the river by over 90 percent. Such a high percentage of reduction 
indicates that under the conditions simulated by the model, the vertical barrier wall 
would block the path of the majority of chromium to the river. Compared with the 
no action simulation, this simulation indicates· that a vertical barrier wall would be 
effective in minimizing further migration of contaminated groundwater into the 

Columbia River. 

5.5.6 100-H Area Hydraulic Control Alternative 

The hydraulic control alternative model consisted of a line of extraction wells 

along the Columbia River to control further migration of the contaminated 
groundwater into the river. For the groundwater extraction simulations, the calibrated 
groundwater flow model was modified by adding seven well nodes along the 
Columbia River. Three injection wells were simulated upgradient of the pumping 

wells near the edge of the chromium plume. 

The location, spacing, and discharge rates of these well nodes were varied in 
successive simulations to maximize plume capture and to minimize the additional 

leakage of water from the river nodes simulating the Columbia River due to the well 
nodes (minimizing the uptake of river water by the boundary control wells). The well 
pumping was split between the two layers, and 80% of the water was extracted from 
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the lower layer (Ringold Formation) and 20 % from the upper layer (Hanford 

- - - Formation). A-well spacing of approximately 200 m (660 ft) with a discharge rate of 

270 m3/day (50 gpm) from wells 1, 4, 5, 6, and 7 and a rate of 135 m3/d (25 gpm) 

from wells 2 and 3 maximized plume capture and minimized the river leakage in the 

model due to the well nodes. The lower pumping rate at wells 2 and 3 were needed 

to keep them from going dry . The amount of river water being pumped was minimal 

compared to the total amount of extracted water. The extracted water was injected 

back to the aquifer in 3 upgradient wells at a rate of 545 m3/d (100 gpm) per well. 

Plume migration was then simulated using the flow field solution from the 

modified calibrated groundwater flow model. The total simulation time was 21 years 

(from 1987 to 2008) for both the flow and transport simulations, with the pumping 

beginning in 1994 (note that 1992 was the year for calibration) . 

Tms simulation i:eaaeea the amount of ehfomiWft going to the Fi:Yef ey 97 % . 

laei:easiBg tee f>lHBfJing mte to 100 gf)Hl i:eaaeea tee aiseaarge of ehromiam to tb:e 

Coh:11Beia Rh•ef by 98% o•ver the no action altefftftth·e. The hydraulic barrier 

simulations showed that the barrier wells pumping at 50 gpm reduced the amount of 

chromium entering the river by over 95 percent. Increasing the pumping rate to 100 

gpm showed no significant improvement in performance. Such a high percentage of 

reduction indicates that under the conditions simulated by the model, the hydraulic 

barrier would block the path of the majority of chromium to the river. Compared 

with the no action simulation, this simulation indicates that a hydraulic barrier wall 

would be effective in minimizing further migration of contaminated groundwater into 

the Columbia River. 

5.5.7 100-H Area Groundwater Extraction and Treatment Alternative 

The model for the groundwater extraction and treatment alternative consisted 

of a line of extraction wells along the Columbia River to control further migration of 

the contaminated groundwater into the river. 

For the groundwater extraction and treatment simulations, the calibrated 

groundwater flow model was modified by adding seven well nodes along the 

Columbia River. 

The location, spacing, and discharge rates of these well nodes were varied in 

successive simulations to maximize plume capture and to minimize the additional 

leakage of water from the river nodes simulating the Columbia River due to the well 

nodes (minimizing the uptake of river water by the boundary control wells). The well 

pumping was split between the two layers, with 80% of the water coming from the 

lower layer and 20% from the upper layer. A well spacing of approximately 200 m 

-(660 ft) with a discharge rate of 270 m3/day (50 gpm) maximized plume capture and 

minimized the additional river leakage in the model due to the well nodes. The 

amount of river water being pumped was minimal compared to the total amount of 
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water pumped. The capture zone, as d~fined by a drawdown of 0.1 m (0.3 ft), is 

- -shown in Figur~5-16. , ' 

Plume migration was then simulated using the flow field solution from the 

modified calibrated groundwater flow model. The total simulation time was 21 years 

(to 2008) for both the flow and transport simulations, with the pumping beginning in 

1994. 

The chromium concentration map and the water table map from the seven well 

extraction system at 2008 are shown Figures 5-17 and 5-18. This simulatioft reaueed 

the om0t1B.t of ehfomHHB goi:B.g to the rh1er ey 97 % . lflereesiHg the p~ing rate to 

100 gpm reaueed the diseharge of em:omiWB to the Col\¼IB9ia River by 98 % 0 1i1er the 

RO eetioft eltefflBti¥e. The el:H:omHHB diseharge to the Columeie Ri1t1er is reaueed ey a 

greater pereefttege with p~iftg taeB: with the 1rertieel bEHTier, beeB1:1se the em:omHHB 

loeated eetweea the wall ftB.d the ri1rer is still e•reilaele to diseharge to the ri1rer. 

Co1Bf1ared with the BO aetioe SHBQlatioB, this SHBQlatioB iadieates that a •rertieal 

eefrier wall 'N0t1IEl ee effeeti1t1e ift miftimiziHg fuff:fter migratioft of eoatamfflftteEl 

groeftd•Nater iftto the Colemeie Ri¥er. Deereasiftg the p~iftg rate to 135 m~ 

gpm) reSlilts Hi 8ft 88 % deereese Hi the omouB.t of em:omium Elisehargiftg to the ri1rer. 

The extraction and treatment simulations showed that the well network pumping at 50 

gpm reduced the amount of chromium entering the river by over 95 percent. 

Increasing the pumping rate to 100 gpm showed no significant improvement in 

performance. Decreasing the pumping rate to 25 gpm reduced the amount of 

chromium entering the river by less than 90 percent, so there may be a difference in 

performance at that pumping rate. In any case, such a high percentage of reduction 

indicates that under the conditions simulated by the model, the extraction and 

treatment system would intercept the path of the majority of chromium to the river. 
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Figure 5-1. 100-D/DR Area Model Grid. 
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Figure 5-3. Base of Unit E of the Ringold Formation. 
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Figure 5-4. Model Calibrated Water Table for the 100-D/DR Area. 
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Figure 5-5. 100-H Area Model Grid. 
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Figure 5-7. Model Calibrated 1992 Chromium Plume for the 100-H Area. 
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Figure 5-8. Chromium Concentrations in 2008 for the 100-D/DR Area 

-No Action Scenario (Concentrations in ppb). 
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Figure 5-9. Chromium Concentrations in 2008 for the 100-D/DR Area 

Barrier Wall Simulation (Concentrations in ppb). 
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Figure 5-10. Water Table Elevations in 2008 for the 100-D/DR Area 

Barrier Wall Simulation (Elevations in Meters). 
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Figure 5-11. Chromium Concentrations in 2008 for the 100-D/DR Area 
Pump and Treat Simulation (Concentrations in ppb). 
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Figure 5-12. Water Table Elevations in 2008 for the 100-D/DR Area 

Pump and Treat Simulation (Elevations in Meters). 

l 572100 573000 57)200 57JC00 573900 !~3800 574000 574200 57U00 !'•1100 

-.. -
I 

"529'0 

152110 

"527'0 

1527'0 

"!25CO 

1525•0 

,, .. ~ l ~,-J~~ 
152JC0 

tl-e'" o .... u 1521,0 

,521,0 Ci 

"519'0 

1518'0 

15'7'0 

1517'0 

1515'0 

,,,,,o 

1509'0 

1501,0 

,,ouo 
1507'0 

IS0UO 

"508'0 ""---'""""----'-------'-------...... __.. ______ ...._ ____ ..._...._......, 

572100 573000 573200 57JC00 573900 573100 57C000 57C200 51,,00 574500 

e--; 
JOO 

L;<3END 
--- GROUNDWATER CONTOUR 

- :15. 7 IMETERSI 

+ 
... CERCLA WELL • 

SCALE 

0 JOO 

EXISTING WELL 

=!CRA WELL 

5F-J2 

500 METERS 

CONTOUR INTERVAL : 0.1 METERS 

• EXTRACTION WELL 

• 



DOE/RL~ I~ ·60 .1370 
Draft B 

Figure 5-13. Chromium Concentrations in 2008 for the 100-H Area 
-No Action Scenario (Concentrations in ppb). 
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Figure 5-14. Chromium Concentrations in 2008 for the 100-H Area 
Barrier Wall Simulation (Concentrations in ppb). 
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Figure 5-15. Water Table Elevations in 2008 for the 100-H Area 
Barrier Wall Simulation (Elevations in Meters). 
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Figure 5-16. Water Table Drawdown for the 100-H Area 
Pump and Treat Simulation (Elevations in Meters). 
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Figure 5-17. Chromium Concentrations in 2008 for the 100-H Area 
· Pump and Treat Simulation (Concentrations in ppb). 
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Figure 5-18. Water Table Elevations in 2008 for the 100-H Area 
Pump and Treat Simulation (Elevations in Meters). 
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Table 5-1. Comparison of Model Predicted vs. Observed Water Level Elevations 

for the 100-D/DR Area. 
for the 100 D/DR Area 

Well Observed Modeled Model 

Number Groundwater Groundwater Error 

Head Head (meters) 

(meters) (meters) 

199-D2-5 117.31 117.34 

199-D2-6 116.91 116.85 

199-D5-12 117.07 117.21 

199-D5-13 116.83 116.73 

199-D5-14 116.90 116.96 

199-D5-15 117.03 117.06 

199-D5-16 116.94 117.14 

199-D5-17 117.22 117.25 

199-D5-18 117.13 117.29 

199-D5-19 117.25 117.32 

199-D5-20 116.49 116.24 

199-D8-3 115.97 116.32 

199-D8-5 116.27 116.10 

199-D8-53 115.96 116.08 

199-D5-54A 115.97 116.03 

199-D8-55 115.97 115.97 

199-D8-6 116.66 116.43 

Mean Error 0.03 meters 

Mean Absolute Error 0.12 meters 

Root Mean Square Error 0.15 meters 

5T-1 

. 

0.03 

-0.06 

0.14 

-0.10 

0 .06 

0.03 

0 .20 

0 .03 

0.16 

0.07 

-0.25 

0 .35 

-0.17 

0 .12 

0.06 

0 .00 

-0.23 
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Table 5-2. Comparison of Model Predicted vs. Observed Water Level Elevations 
for the 100-H Area. 

Well Observed Modeled Model 

Number Groundwater Groundwater Error 
Head Head (meters) 

(meters) (meters) 

199-H3-1 114.59 114.41 

199-H3-2A 114.45 114.14 

199-H4-4 113.64 113.15 

199-H4-7 114.04 113.69 

199-H4-8 113.93 113.51 

199-H4-9 113.83 113.44 

199-H4-10 113.78 113.24 

199-H4-ll 113.51 113.14 

199-H4-12A 113.72 113.17 

199-H4-13 113.41 113.12 

199-H4-14 114.19 113.82 

199-H4-15A 113.78 113.21 

199-H4-45 113.87 113.54 

199-H5-1 114.58 114.59 

199-H6-1 113.90 113.64 

Mean Error 0.36 meters 

Error Standard Deviation 0.15 meters 

5T-2 

. 
0.18 

0.31 

0.49 

0.35 

0.42 

0.39 

0.54 

0.37 

0.55 

0.29 

0.37 

0.57 

0.33 

-0.01 

0.26 
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Table 5-3 Sensitivity Analysis Results 

Model Initial Porosity Retardation Dispersivity 

Simulation Concentrations Factor 
Longitudinal 

(Meters) 

MTNAll Oct.-Dec 1992 0 .20 25 10 

MTNA15 Oct.-Dec 1992 0.20 10 10 

MTNA21 Oct.-Dec 1992 0 .20 25 100 

MTNA24 Oct.-Dec 1992 0 .20 10 100 

MTBW211 Oct.-Dec 1992 0 .20 25 10 

MTBW212 Oct.-Dec 1992 0 .20 10 10 

MTBW221 Oct.-Dec 1992 0 .20 25 100 

MTBW222 Oct. -Dec 1992 0 .20 10 100 

MTPTll Oct.-Dec 1992 0.20 25 10 

MTPT12 Oct.-Dec 1992 0 .20 10 10 

MTPT21 Oct.-Dec 1992 0 .20 25 100 

MTPT22 Oct.-Dec 1992 0.20 10 100 

5T-3 

I 

Simulation Mass Removed Mat Removed 
Time at River Nodes at ell Nodes 

Transverse (Years) (Kg) (Kg) 
(Meters) 

1 16 76.61 na 

1 16 88 .83 I na 

10 16 88.50 na 

10 16 93 .84 na 

1 16 3.03 1.30 

1 16 3.16 12.77 

10 16 5.01 10.65 

10 16 

1 16 1.88 418 .20 

1 16 1.72 346.50 

10 16 3.32 377.12 

10 16 
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6.0 DETAILED ANALYSIS OF ALTERNATIVES 

This section presents the methodology and criteria to be used in the detailed 

analysis and then presents the evaluation of alternatives against the CERCLA 

evaluation criteria. 

6.1 METHODOLOGY AND CRITERIA 

Nine evaluation criteria have been identified in EPA guidance to evaluate 

remedial actions. The evaluation criteria are the basis for the detailed analysis task 

during the FS. The criteria, as defined in Guidance for Conducting Remedial 

Investigations and Feasibility Studies Under CERCLA (EPA 1988), are discussed 

below. 

6.1.1 Overall Protection of Human Health and the Environment 

This criterion provides an assessment of whether or not each alternative 

provides adequate protection of human health and the environment. Evaluation 

focuses on a specific alternative's ability to achieve adequate protection, and describes 

how the site risks posed through each pathway being evaluated by the FFS are 

eliminated, reduced, or controlled through natural processes, treatment, engineering, 

or institutional controls. This evaluation also allows for the consideration of any 

unacceptable short-term or cross-media impacts associated with each alternative. The 

following questions represent the information included in the analysis of this criterion. 

• Will risk be at acceptable levels? 

• What is the time frame to achieve acceptable levels? 

• Will additional threats be minimized? 

6.1.2 Compliance with ARAR 

This criterion is used to determine whether or not each alternative will meet 

Federal and state ARARs and TBCs, and whether or not there is justification for an 

ARAR waiver. The CERCLA defines six types of ARAR waivers, as follows: 

• Interim actions 

• Greater risk to health and the environment 

• Technical impracticability 
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• Equivalent standard of performance 

• Inconsistent application of state requirements 

• Fund-balancing. 

Questions concerning compliance with ARARs that are addressed in the 

detailed analysis include the following. 

• Are ARARs available? 

• What are the potential ARARs? 

• Will the potential ARARs be met and how? 

• What is the basis for waivers? 

• If ARARs are not available, what are the potential TBCs? 

• Is the alternative consistent with the potential TBCs? 

6.1.3 Long-Term Effectiveness and Permanence 

This criterion addresses the risk remaining at the site after RAOs have been 

met. The primary focus of this evaluation is the extent and effectiveness of the 

controls that may be required to manage the risk posed by treatment residuals and/or 

untreated wastes. The following questions are addressed in the detailed analysis. 

• What is the magnitude of the remaining risk? 

• What remaining sources of risk can be identified? How much is due to 

treatment residuals and how much is due to untreated residual 

contamination? 

• Will a 5-year review be required? 

• What is the likelihood that the technologies will meet required process 

efficiencies of performance specifications? 

• What type and degree of long-term management is required? 

• What are the requirements for long-term monitoring? 

• What operation and maintenance functions must be performed? 
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• What difficulties and uncertainties may be associated with long-term 
aperation and maintenance? 

• What is the potential need for replacement of technical components? 

• What is the magnitude of the threats or risks should the remedial action 
need replacement? 

• What is the degree of confidence that controls can adequately handle 
potential problems? 

• What are the uncertainties associated with land disposal of residuals and 
untreated waste? 

6.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

The goal of this criterion is to address the statutory preference for remedial 
actions employing treatment technologies that permanently and significantly reduce 
toxicity, mobility, and volume. This evaluation focuses on the following questions. 

• Does the treatment process employed address the principal threats? 

• Are there any special requirements for the treatment process? 

• What portion (mass, volume) of contaminated material is destroyed? 

• What portion (mass, volume) of contaminated material is treated? 

• To what extent is the total mass of toxic contaminants reduced? 

• To what extent is the mobility of toxic contaminants reduced? 

• To what extent is the volume of toxic contaminants reduced? 

• To what extent are the effects of treatment irreversible? 

• What residuals remain? 

• What are their quantities and characteristics? 

• What risks do treatment residuals pose? 

• Are principal threats within the scope of the action? 

• Is treatment used to reduce inherent hazards posed by principal threats 
at the site? 
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---6±5 Short-Tenn Effectiveness 

This evaluation criterion addresses the effects of the alternative during the 

construction· and implementation phase until RAOs are met. The following factors 

should be addressed, as appropriate, for each alternative. 

• The health and safety of the community during remedial actions 

• · The health and safety of workers during remedial actions 

• Environmental impacts 

• Time until remedial response objectives are achieved. 

6.1.6 Implementability 

The implementability criterion addresses the technical and administrative 

feasibility of implementing an alternative, as well as the availability of various 

services and materials required during its implementation. This criterion involves 

analysis of the following factors: 

• Technical feasibility 
Construction and operation 
Reliability of technology 
Ease of undertaking additional remedial action 
Monitoring considerations 
Ability of technology to meet PRGs, including detection limits 

• Administrative feasibility 
Activities needed to coordinate with other offices and agencies 

• Availability of services and materials 
Availability of adequate off site treatnient, storage capacity, and 

disposal services 
Availability of necessary equipment and specialists, and 

provisions to ensure any necessary additional resources 

Availability of services and materials plus the potential for 

obtaining competitive bids, which may be particularly important 

for innovative technologies 
Availability of prospective technologies. 
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6.1.7 Cost 

This criterion addresses capital costs, both direct and indirect; annual 
operations and maintenance (O&M) costs; the accuracy of the cost estimate; a present 
worth analysis; and a cost sensitivity analysis of alternatives. 

6.1.7.1 Direct Capital Costs. Direct capital costs include the following: 

• Construction costs 

• Equipment costs 

• Land and site development costs 

• Buildings and services costs 

• Relocation expenses 

• Disposal costs . 

6.1.7.2 Indirect Capital Costs. Indirect capital costs include the following: 

• Engineering expenses 

• License or permit costs 

• Startup and shakedown costs 

• Contingency allowances. 

6.1.7.3 Annual O&M Costs. Annual operations and maintenance costs include the 
following: 

• Operating labor costs 

• Maintenance materials and labor costs 

• Auxiliary material and energy 

• Disposal of residues 

• Purchased services 

• Administrative costs 

• Insurance, taxes, and licensing costs 
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• Maintenance reserve and contingency funds 

• Rehabilitation costs 

• Costs of periodic site reviews. 

6.1.7.4 Accuracy of Cost Estimates. Study estimates of costs are expected to 

provide an accuracy of +50% to -30% and are prepared using data available from the 

LFI, treatability studies, and ongoing projects. 

6.1.7.5 Present Worth Analysis. Present worth analysis is used to evaluate 

expenditures that occur over different time periods by discounting all future costs to a 

common base year, usually the current year. This allows all alternatives to be 

assessed based on current costs of the remedial action. The present worth analysis 

requires assumptions to be made regarding the discount rate and the period of 

performance. A discount rate of 5 % , before taxes and after inflation, is 

recommended. The period of performance should not exceed 30 years . 

6.1.8 Regulatory Acceptance 

Regulatory acceptance evaluates the technical and administrative concerns of 

the regulating agency. These concerns are generally addressed in the ROD by the 

regulatory agencies, so they will not be addressed in this FFS. 

6.1.9 Community Acceptance 

This is an evaluation of the concerns of the public and is addressed by the 

regulatory agencies in the ROD. 

6.2 COMMON EVALUATION CONSIDERATIONS 

In addition to the nine CERCLA criteria, specific environmental resources 

(such as air quality) and NEPA issues (such as cumulative impacts) are considered 

during the selection of Remedial Alternatives. Consideration of environmental 

resources and NEPA issues are required to meet the DOE Secretarial Policy on 

NEPA, and provide a complete evaluation of the Remedial Alternatives. Several of 

the CERCLA evaluation criteria involve consideration of environmental resources, but 

the emphasis is frequently directed at the potential effects of chemical contaminants on 

living organisms. Environmental resources in the NEPA context also includes 

consideration of potential effects on ,resources, such as transportation, air quality, 

soeioeeonomie surface water, and visual resources. Also, the NEPA process involves 

consideration of several issues, such as indirect and cumulative impacts, the 

irreversible and irretrievable commitment of resources, and the actions that may be 

taken to avoid or mitigate environmental impacts. The NEPA-related resources and 

issues are described in Section H-:-1-6.2.1 and ~.2.2 below. 
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Y.16.2.1 Resources 

S.l.1.16.2.1.1 Transportation Impacts. The proposes Remedial Alternatives 

evaluated in this FFS are not expected to create any long-term negative transportation 

impacts. If adverse impacts to transportation are detected, remedial activities will be 

modified or stopped until the problem is mitigated. 

The No Action and Institutional Control Alternatives will not affect 

transportation. These alternatives will not require the transport of any equipment, 

construction materials, or waste. Commuter traffic flow would not increase or 

decrease. 

The Containment, Remo•ral/Dispos&:l, Hl Sim Treatmeflt, and 

Removal/Treatment/ Disposal Alternatives will require transport of equipment, 
construction materials and solid waste that could result in transportation impacts, 

primarily within the boundaries of the Hanford Site. The construction-related 8:ftd 

eofflffl1:lter (worlEe~ traffic flew for the Containment/Removal/Disposal and 

Remo•.•al/TreMmeflt./Disposal Alternatives would be higher than for the 

Removal/Treatment/Disposal eomaimBent ima la Situ TreMment Alternatives 

6.2.1.2 Ecological lmpacts.5.2.1.2 Eeologieal Impacts. The No Action and 

Institutional Control Alternatives would not affect existing natural resource conditions. 

However, these alternatives do not include revegetation or other habitat enhancement 

actions. Without revegetation or other habitat enhancement efforts, most sites would 

not be restored to a native condition. 

The Containment, Remeveal/Dispesal, la Sitt! Treatment, ans 
Remo•,al/TreMmeflt./ Disposal and Removal/Treatment/Disposal Alternatives would 

destroy some existing vegetation &tin the I 00 Area as a waste siteresult of surface 

activities such as construction of access roads, pile driving, well installation, and 

treatment system construction.- In most cases, this is a minor impact because most 

waste sites in the 100 Area have already been severely disturbed, and because the 

surface areas required to implement the actions are relatively small. Centa:mitteat 

remo•ral or on5ite eomaiBment,remoi.•al of eonteminatiea follewea b:r re•,egetatioa 

8:ftd Restoration efforts following installation of containment wallswould benefit 

natural resources in the long term. 

S.2.1.36.2.1.3 Air Quality Impacts. Hanford Site air quality is generally good. The 

proposed remediation alternatives are not expected to cause long-term negative 

impacts to existing air quality. Site restoration eaa reveegetetioa efforts will preclude 

long-term wind erosion problems due to remediation activities. 

The No Action and Institutional Control Alternatives would not affect short

term air quality. However, the Containment, Remo¥al/Disposal, la Sitt! TreMmeflt, 

and Removal/Treatment/Disposal Alternatives will generate fugitive dust. Dust 

controls and other mitigative measures will be used as needed to ensure that short

term impacts on air quality are minimized. 
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I S.2.1.46.2.1.4 Cultural Resource Impacts.- For 100 .Afea waste sites whereWhere 

~ultural resources are present, mitigative measures will be implemented to ensure that 

cultural resource concerns are properly addressed. 

The No Action and Institutional Control Alternatives are not expected to 

disturb cultural resources. However, if cultural resources are contaminated or 

legitimate access to cultural resources is denied due to contamination levels, these 

altemati•,es may not ee &flpropriate activities may be considered as impacts on cultural 

resources. 

The Containment and Ia Sitti Treatmeftt.Removal/Treatment/Disposal 

Alternatives woultl eofttaifl or treat the wastes iB plaee, antl therefore woultl also lea¥e 

&B:Y e:1dstiftgcould potentially impact cultural resources iftduring the construction 

phase. Ho·.ve•rer,Actions to mitigate potential adverse impacts to significant cultural 

resources are aot e~eetetl to oeeur at waste sites that ha1,e Mreatly eeea 

tlisftl:fBetlwould be required before initiating these alternatives. 

There is latitude regarding where the wells and treatment units are located for the 

Removal/Treatment/Disposal Alternative, while there is little latitude regarding the 

placement of the barrier wall for the Containment Alternative. Therefore, the 

potential impact on known cultural resources could be more easily mitigated by the 

Removal/Treatment/Disposal Alternative. 

The eltereeti"¥es weuld geeerelly result iB the preteetiee ef eulturel reseerees 

ed:jeeeBt ta the waste site heeeese Femediel eeti¥ities weuld he eeefieed prim&Fily 

witmn the he11Bd&Fy ef the waste site. 

The potefttial for the R:emo•rMIDisposal antl R:emo•rM/Treatment/Disposal 

Alteffl&tiYes to tlisttire eulttiral resourees woeltl ee high. Aetions to mitigate atl1•1erse 

impaets to signifie&Bt eultti£M resoerees 1.¥oeltl ee reqHiretl eefore initiatiftg these 

MtematiYes. 

6.2.1.5 Socioeconomic Impacts. The outlook for the Tri-Cities economy is 

uncertain. The local economy could decline or grow in the next 30 years depending 

on economic activity not directly related to DOE and the Hanford Site. Near-term 

reductions in the Hanford Site work force will probably have a negative impact on the 

local economy. 

If the No Action and Institutional Control Alternatives are implemented, 

activities in the 100 Area would be limited to maintenance, security and routine 

monitoring. These alternatives fail to achieve the principles adopted by the Hanford 

Advisory Board Work Group for cultural/socioeconomic impacts. There would be no 

transition of the work force to provide economic stability. These alternatives would do 

little to provide economic diversification because of the minimum employment levels. 

The demand for recreational services, social services, facilities, and activities exerted 

by the few employees associated with the 100 Area and their families would be 

minimal. 
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I The socioeconomic impacts of the Containment and Ia Sim 

t-Tfe&tmentRemoval/Treatment/Disposal Alternatives would be relatively minimal. 

Workers would be employed for several years to perform the work associated with 

these alternatives. These alternatives meet the principles established by the Hanford 

Advisory Board Work Group for cultural/socioeconomic impacts. These alternatives 

allow for work force transition from scientific/engineering to the excavation and 

construction trades. Effects on social services and recreation would probably be 

imperceptible because of the few employees involved. The effects on public services 

such as water supplies and waste water treatment facilities would be minimal. 

If the Rema"'el/Dispasel ed Rema"'el/TreetmeRt/Dispasel Altemeti"'es &Fe 
implemeeted, waFkers wauld be emplayed ta rema"'e eaetemiBated materiel, 
perfeFtB site resteretiee, 8Bd tf'8BSpeft eeRtemifteted materials to a dispesel 
site6.2.1.6 Noise and Visual Resources Impacts. The 1u1meerNo long-term noise 

impacts are anticipated from any of emplayees iB¥ah•ed ie. these aeti:.1ities v1etdd ee 

higher theft em13layment le·;els fer the eafttaiBment BB.d the le. Sim Treatmefttthe 

Remedial Alternatives under consideration. }-lee.ethelessFor the Containment and 

Removal/Treatment/Disposal Alternatives, the impaetcontruction activities would ee 
ffl:fflar eaffiJ3ared ta the a•;erall Tri City area effiJ3laymentcause a temporary increase in 

noise. The gi:a•1;t.h in the laeal gaYefmftent te:Jc ease assaeiated with increases m 
ha1:1sing ae.d eammeroial aoti•;ity res1:1lting fi:am these altematii.1esHowever, noise levels 

would ee msigaifieefttretum to near background levels following construction.- These 

altemati•;es aehieYe the princi13les adapted ey the HIHll0rd Ad¥isary Baffll Warkiftg 

Gro1:1p fer c1:1lmral &Bd sacioecaBOmic impacts. The dcm&Bd fer recreatioe., social 

sef\1iees, &Bd p1:1elie seF¥ices eEll:lsed ey effiJ3loyees aftd families assoeiated with these 

altemati•;es would be mae.y times that eJEerted by the No Actioa Altemati"le &Bd aeout 

three times gi:eater thae. the Coataiflment Altemati¥e. NevertB:eless, the demand 

v;ould still ftfl"le oftly a ¥eey small effect aa the Tri Cities capacity to accoHllftodate 

these aeeds. 

1 5 . .2.1.(; Noise 81ld Visual Reseurees Impacts. No laag term BOise or 1t1isual 

resoaree imf)aets are &Btieipated from any of the Remedial Alteraatir;es aeder 

coasideratioa. The iBStallatiae. of aeo¥e grade barriers could potentially impact Yiseal 

resO\!fOes. Noise iftereases iB the 100 A.rea ·.vo1:1ld remm to backgro1:1ftd le·;els 

fello·Niftg remediatiaa. Vis1:1al ifflJ3acts will ee mitigated thro1:1gh site re•;egetatioa aad 

haeitat restoratioe aetions. 

Noise mitigation would be instituted to minimize short-term impacts. All 

equipment and vehicles would be equipped with mufflers or other noise-reduction 

devices. 

The Containment and Removal/f reatment/Disposal alternatives would have an impact 

on visual resources. Extraction and reinjection wells, above ground piping, and water 

treatment equipment would be visible during operation of a groundwater 

Removal/Treatment/Disposal system. A hydraulic containment system would also 

contain wells and piping, which would have a visual impact. Visual impact from a 
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I barrier wall is expected to be minimal. For both the Removal/Treatment/Disposal and 

- -l~inment options, access roads and maintainence and monitoring facilities would 

I have visual impacts during the period in which the remediation system is operating. 

I 
I If the DOE relinquishes control of the 100 Area, long-term impacts are anticipated for 

I noise and visual resources for all the alternatives, except the No Action Alternative. 

I The anticipated impacts would be from increased noise levels and/ or impacts to visual 

I resources from developments (e.g., housing, agriculture) of the 100 Area. 

I • 
No adverse short-term impacts to noise or visual resources are anticipated for 

the No Action or Institutional Control Alternatives. Sporadic and temporary short

term impacts to noise levels would occur because of transportation and construction 

activities under any of the action alternatives. Short-term visual resource impacts are 

anticipated during site remediation. These short-term impacts could be mitigated by 

minimizing the fooqJriBt size of the remediation zone and the number of aboveground 

facilities to the extent possible. 

The ComaiRmeBt, Remoivel/Disposel, 1B Sit11 TFeetmeBt, ed 

Rema:ivel/T•eetmeet!I)ispasel Altemeti:ives &Pe apeeted ta effeet shaFt teFm eaise 

le:ivels ie the 100 APee 

6.2.2 Issues 

6.2.2.1 Mitigation Measures. Noise mitig&tie& v;euld ee instimted to m~e 

short term ifBt,aots. All eC:}tiif,meftt &Bd •;ehioles would ee e(:}tiif,ped with mufflers or 

ether Baise reduetieB de11iees. 

S.l.l 15s11es 

S.l.l.l l\ffligetiae l\leesllfes. The primary objective of mitigation is avoidance. If 

adverse impacts cannot be avoided, remedial action planning should minimire adverse 

impacts to the extent practicable through implementation of mitigation measures. 

Mitigation measures may also include restoring or protecting other areas within or off 

the Hanford Site to compensate for damages that may be incurred during the cleanup 

effort. 

Natural resources, for the purposes of ·mitigation, are considered to be physical 

resources such as land, water, and air; biological resources such as wildlife habitat or 

plants and animals; human resources such as remedial workers, and cultural resources 

such as Indian artifacts or historical sites. Studies have been conducted at the 

operable units within the 100 Area to characterize these resources. There are current 

ongoing and planned studies to complete the characterization of these resources where 

necessary. With this information, the natural resources will be fully described before 

developing the conceptual designs for remedial action. 
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I This Proeess DeetHBeatsection presents information on general mitigation 
-approaches and-actions. However, because the Preeess Deeumeftt deals with waste 

sire gF0ttf'S rather th&B §f'eeifie wasre sires, flfttl the remedial alternative has not been 
selected yet, this report does not present specific mitigation plans. The completion of 
detailed mitigation plans will occur during the conceptual and preliminary design of 
the selected remedial alternative. 

Natural resources can be impacted in a variety of ways during implementation 
of remedial actions. For example, excavation, treatment, and construction activities 
can unnecessarily destroy wildlife habitat; disrupt normal breeding, nesting, or 
feeding activities of animals; increase wind and water erosion; or unearth native 
Indian artifacts . Final mitigation measures, to either eliminate or reduce the adverse 
consequences of the remedial activities, will be developed as an integral component of 
the remedial design and The mit:igaliea ~lflftS will ee incorporated into the design 
specifications. flfttl alse made ~art ef the eemraenial eeligat:ieBS fer remedial 
eoBEF&e~ors workiBg on the sire. In that way, mitigation becomes an integral 
component of the remedial activities. 

The following general mitigation measures are examples of actions that may be 
taken to protect the physical, biological, human, and cultural resources that occur in 
the 100 Area: 

Physical Resources 

• Stockpile topsoil when possible. 

• Minimize the width of construction corridors, the size of equipment 
yards and parking lots, and the amount of cut and fill required. 

• Place equipment yards, treatment systems, and support services in 
formerly disturbed areas when possible. 

• Develop and implement erosion control plans. 

• Curtail or halt operations during high wind periods. 

• Suppress fugitive dust with water, commercial suppressants, or 
temporary mulches. 

• Prevent runoff and sediment transport to wetlands and the Columbia 
River. 
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Biolo2ical Resources 

• Avoid wetlands, riparian habitats, and other sensitive areas when 
possible. 

• Restrict the removal or destruction of trees. 

• Use BBtive Sf)eeies fer revegetatioa or, Plan for successional 
replacement of temporary ground cover with native species, when 
possible. 

• Comply with the bald eagle management plan. 

• Schedule construction activities to avoid breeding, nesting, winter 
roosting, and other sensitive seasonal activities of wildlife. 

• Prepare biological resource management plans. 

• Work with DOE, the U.S. Fish and Wildlife Service, and the U.S. 
Army Corps of Engineers to mitigate impacts to wetlands. 

• When possible, rectify impacts that cannot be avoided or minimized. 

Human Resources 

• Develop health and safety plans to protect onsite workers. 
• Implement rigorous health and safety protocols. 
• Minimize exposure to contaminants. 
• Minimize generation of fugitive dust. 
• Monitor air quality. 
• Practice ALARA. 

Cultural Resources 

• Complete cultural resource surveys of areas to be remediated before 
implementing any action. 

• Develop cultural resource action plans for each reactor area. 

• Complete data recovery and analysis plans, have these approved by the 
State Historic Preservation Office, and conduct data recovery and 
analysis before initiating remedial actions. 

• Train construction workers to recognize and report potential cultural 
resources. 
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• Work with the Indian nations to identify traditional use sites, prepare 

cultural resource mitigation plans, and evaluate the sensitivity of each 

waste site area. 

S.2.2.26.2.2.2 Irreversible and Irretrievable Commitment of Resources.- :fhe 

altefflftti•res t:h&t leaYe eeetemieeted material ie an epel'&ele ueit •.veuld Fesult 

mR.emediation of groundwater in the 100 Area will require the irreversible 

commitment of l&ee te waste mBB&gemeet, mstitutieeal eeetFels, &ea 

meeiteriegmillions of federal dollars. Altheugh eeetamie&tiee left ie place eeule be 

Feme•;ed iB the ftltufe, Stich Fem01t1al weuld waste meeey speetDepending on a sueaee 

harrier er ie situ tFeat:meetthe remedial alternative, other irreversible commitments of 

resources would be necessary, include using consumables such as fuel, electricity, 

chemicals, and •;.ceuld be meFe eKpeesive th:efl immediate FemeYaldisposable protective 

equipment. 

Seleetiee ef 8ft alte£B&ti¥e that lea•;es eeet&mie&tieft iB the epel'&ele ueit 

sheuld be eeesideFed 8ft iffe•;efsible and iffetFie•.•able eemmit:meet ef lafte te waste 

mBB&gemeet. 

'Remediatiee ef the 100 .t\fea wHl reEJUife the irreYersible eemmit:meet ef 

milliees ef fedeF&l dellMs. Depefteiftg 0ft the 'Remedial Alte£B&ti:ve, ether ifTeYeFsible 

eemmitmeets ef FeseaFees ieelude impeftieg sail afte reek feF barriers ane using 

eeBStimaeles sueh as fuel, eleetrieit:y, ehemieals, &ftd dispesaele pr0teeti:1,1e 

eEJUipmeet.lf sensitive habitats or cultural resources are involved in remedial actions, 

mitigation measures will be taken to minimize impacts. However, irreversible 

damage could occur to habitats, flora, and fauna during remediation. It is also 

possible that cultural resources could be destroyed during the remedial action. 

S.2.2.36.2.2.3 Indirect and Cumulative Impacts. Based on improvements to the 

overall protection of human health and the environment, the net cumulative impact of 

the remedial actions is expected to be positive. Remedial actions will remove or 

isolate the contaminants, make land in the 100 Area available for other uses, and 

generally restore natural resources. Negative impacts from remediating the operable 

units within the 100 Area, as discussed in Sections 5.0 and e.0 6.0, 7.0, and 8.0, are 

expected to be minor and short term. However, there is potential for indirect and 

cumulative impacts as a result of remediating any one operable unit within the 100 

Area. 

Remedial activities at 8:ftY eee ef the OpeF&ble Units in the 100 Area may 

potentially involve cumulative impacts due to interactions with other projects within 

the 100 Area, as well as interactions with other projects within the Hanford Site or 

along the Columbia River. For the purposes of this S01:1ree Groundwater Operable 

Unit FPS, it was assumed that interactions with projects outside the Hanford Site, 

except for the Columbia River, would be insignificant because of the remote location 

of the 100 Area relative to the Tri-Cities and major agricultural operations in the 

region. 
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I The potential indirect and cumulative impacts of remedial actions and other 

- I-activities within-the 100 Area will be dependent upon the scheduling of the remedial 

I action at one site relative to the remedial actions at the other numerous operable units , 

_· I and the scheduling of other activities within the 100 Area. Indirect and cumulative 

I impacts may result from the interaction of activities at: 

I 
I 
I 
I 
I 
I 
I 
I 

• 
• 
• 
• 
• 

Other seureegroundwater operable units 
Gfel:IBd•+TJetefSource operable units 

D&D activities 
Treatability studies 
Expedited response actions 

Cumulative and indirect impacts in the 100 Area will generally be greater if 

remedial activities at several operable units occur at the same time. Conversely, if 

the work can be properly sequenced cumulative impacts can be reduced or avoided. 

Because most of the above remedial actions and activities are still in the planning 

stage, coordination during the planning and initial implementation of the various 

projects will be necessary to reduce indirect and cumulative impacts. 

Indirect and cumulative impacts may also occur because of interactions with 

projects outside of the 100 Area. Remedial actions, treatability studies, and D&D 

work are also occurring in the 200 and 300 Areas, and other portions of the Hanford 

Site. Also, there are two central disposal facilities (located within the 200 Area) that 

are currently being developed to accept wastes from most of the waste sites--fif 

disJ.::10s&-l is e C0ffl:1'0Heftt ef the femediel eetieH) , including drilling spoils or other 

types of wastes that may be generating during construction activities.- Likewise, 

clean fill materials needed to remediate many of the waste sites may come from a 

limited number of borrow pits. The schedules, demands on labor and equipment 

resources, requirements for disposal volume and fill material, and budget needs must 

all be considered under the issue of cumulative impacts. The indirect effects of these 

numerous projects on transportation, restoration of natural resources, and future land 

use must also be considered. 

R-emedieaeBlmplementation of an IRM for groundwater in the 100 Area 

0J:1ef&ble umts :;hould lead to long-term cumulative benefits to natural resources as a 

result of removing or controlling contaminants, revegetating currently disturbed and 

denuded areas, and restoring natural habitats. The Columbia River and the riparian 

ecosystem along the river should also benefit from the cumulative actions at the 100 

Area and other portions of the Hanford Site. 

S.2.2.46.2.2.4 Environmental Justice. The Environmental Justice Executive Order 

(E.O. 12898, February 1994) states: 

"Each federal agency shall make achieving environmental 

justice part of its mission by identifying and addressing 

as appropriate, disproportionately high and adverse 

human health or environmental effects of its programs, 
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policies, and activities on minority populations and low

iflcome populations. " 

Low-income and minority populations involved in Hanford Site remedial 

actions include members of the Native American groups and local agricultural 

employees. The proposed alternatives have been assessed for potential 

disproportionate impacts to these low-income and/or minority populations. 

The objectives of the Environmental Justice Executive Order may not be met 

by the No Action and Institutional Control Alternatives. Native American groups that 

use the Columbia River for fishing, hunting, and wildlife recreation are concerned 

about potential adverse human health effects from contaminants located on the 

Hanford Site. These contaminants would remain under the No Action and 

Institutional Control Alternatives. Compared to other alternatives, the No Action and 

Institutional Control Alternatives represent a low risk of inadvertent excavation of 

Native American cultural resources. 

The Containment, R:em0¥&l/Disp0s&I, le. Situ Tr-e&tmeftt, and 

Removal/Treatment/ Disposal Alternatives comply with the objectives of the 

Environmental Justice Executive Order. Construction activities would provide 

employment for the low-income workers, including a small number of new general 

labor (unskilled) jobs. However, drilling, excavation, and pile-driving activities 

always poses the risk of uae&rthiftgdisturbing Native American burials. 

Consequently, the risk of an adverse impact on Native Americans is 

1 disproportionately large compared to other segments of the population. The 

containment or removal alternatives, however, reduce or preclude the possibility of 

long-term lateral migration of contaminants from current locations to the Columbia 

River. These alternatives, with appropriate mitigation actions, will generally address 

Native American concerns. 

6.2.2.66.2.2.5 Short-term Impacts to Human Health. 
Short-term impacts to human health during implementation of a remedial action can 

be grouped either as potential impacts to workers performing the remedial action, or 

· potential impacts to the community. Potential impacts to workers performing the 

remedial action include physical hazards associated with construction activities and 

exposure to chemical and radionuclide contaminants. Physical hazards to workers 

include slips, trips and falls, operation of motor vehicles, excavation and trenching, 

drilling hazards, sharp objects, lifting hazards, heat and cold stress and noise. 

Contaminant exposure hazards include incidental ingestion of soil, inhalation of 

fugitive dust generated during remedial action and external exposure to radionuclides. 

Potential impacts to the community would largely be associated with inhalation of 

fugitive dust generated during remedial action. Generally, remedial alternatives 

would involve very little dust generation, hence potential impacts to the community 

are anticipated to be very low for all alternatives. Relative comparisons of the 

physical and contaminant exposure risks to workers associated with each alternative 

are presented below. 
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I Institutitional controls would involve relatively low physical and contaminant exposure 

·- I-hazards to work-ers. This alternative is unlikely to bring workers in proximity 

I regularly with contaminants; involves limited operation of heavy equipment or 

·1 vehicles. Containment would involve low contaminant exposure hazards, but medium 

I physical hazards. Installation of sheet pilings would involve increased use of heavy 

I equipment, potentially increasing noise and other physical hazards to workers. Both 

I of the removal/treatment and disposal alternatives would involve medium contaminant 

I exposure and physical hazards. Both alternatives would involve heavy equipment 

I operation and vehicle traffic, noise and physical hazards from installation of extraction 

wells, pipelines and treatment plant. Treatment plant operation would involve 

potential exposures to contaminantc; in groundwater and chemical reagents . Exposures 

to contaminants in soils are unlikely under all alternatives; contaminants in soils are 

limited to defined source areas, which are not likely to be sites for work locations or 

pipeline corridors. 

Sliert term HB:f)&ets ta mHB&B liealtli QQfing HB:f)lemematien ef a remeeial aetien e&B 

ee g-i:eUJJee eitlief as i,eteftlial impaets te v10rk:ers performiftg tse remeeial aetien er 

i,eteftlial llftf)&ets ta tfte eemmaBify. Peteftlial HB:f)aets te werkers iflelede peysienl 

ft&i!&f6S asseeiatee wits eenstfl:letieft aetivities, 8ft8 e:1qmsHFes to eaemieal er 

raeienueliee eeetamieaeH!. Peysieal lia:aH=as ta werJ.<:ers ineleee sl~. trip aae falls, 

oi,eration of heavy equ~meftl, e:JEeai.•ation 8ft8 treneliiftg, Sftftff> oejeets, operatioft of 

meter ¥ehleles, lifting ft&i!S:fes, heat &Be eele stress 8ft8 noise. Contami:e:ant eKpesere 

ft9z!afEls ineltiee ineieeftlal iftgestien of sail, i::eftftlatien ef fagiti•1e eHst gefteratee 

emiBg remeeial aetien aBe e:JEtemal e~osure ta raeionueliees. Petential im13aets ta 

tlie eoffl:mti:ftity woule largely ee assoeiatee wits iflftalation of fagifrYe eHst gefteratee 

euriftg remeeial aetioft. 

Physical aBe eentamiBaBt eKpesure h8HF8s te work:ers will •;ary 1,,vitli tlie 

magftituee of eontam4n&tion ill soil aBe tlie tyi,e ef remeeial aetion ta ee performee at 

a site. In gefteral, peteftlial lia:aH=as te werk:ers will ee 101,,•;er for R:emeeial 

AltefBBti:r;es tft&t ea net HY10l1t•e e:JEtensi¥e eontaet wits eontami-natee soils &Be wastes. 

The relati•;e risks ta werk:ers petentially assoeiatee with tlie eifferent Remeeial 

AltefBBth•es were e:r;aluatee with BB aeti¥ity lia:aH=a ·analysis. Remeeial Altem&ti:r;es 

assessee ill tlie aeti•;ity lia:aH=a analysis were as follews: 

e 

e 

e 

e 

Institutienal Centrals, whieh ineluee security aBe meftitoring 

Centaiftmeftl, whlea ineluees RCRA. harrier eenstruetieft, surfaee rufteff 

eontrol, grounewater moftitoriftg 8ft8 eeee restrietioas 

In Situ Treatmeftl, whieh ineltiees greut injeetien, eofflf)aetieft, or 

¥itrifieation 

R:eme:r;al aBe Dispesal, whieh ineluees site preparatiea, e:JEea:r;atien, 

possiele eemolitioa, 8ft8 transport to BB appro:r;ee eisposal faeility 
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I emissioe:s wefe esStHBed to oeeuf eetirely ffom eofttQmfflated soils . The Fesults from 

1---tlHs=H:Billysis iBtiieate that oe:site eoReeetmtioftS of Fedioauelides iH eir were less th9H 

I 1 % of the DOE staftdftfds fof f'FOteetion of the offsite f'Ublie . Coneenttetioe:s et 

I offsite loeatioe:s Me likely to ee lo11,1ef beeause of dilution iH air. Therefufe, airaorne 

I eomamineets assoeieted with remediel eetioe:s Me ftOt likely to re)'reseet en imf>eet to 

I offsite eommunities. 

5.3 DETAILED ANALYSIS OF ALTERNAIB7ES 

The gFOUf' J:'fOfi.les, defieed in Seetion 3.9, life eOHlf'Med egeinst the 

l!flfllioabHity eriterie end eeheneements fuf eaeh altemati•re defined in Seetion 4 . 0. 

Tables 4 1 end 4 2 sho•n the Fesults of th.is eomf)erison 9Hd StHB1Blifi2e l!flf)liceble 

eltemati¥es fof eech weste site gfOUf'. In this section, eeeh elterneti¥e is t.e:en 

e¥elueted in tefffl5 of the CERCLA threshold ftftd eeleneing efiterie (EPA 1988) 

(Tables 5 2 thfoHgh 5 10). 

A cost estimate is f)Fef'Med fuf eech waste site gFOUf' besed on a refJreseftt&ti"+•e 

waste site. Af)f)endi:x. B ifteludes e SUfflfBtH)' of the eost estimates fof eech 'Neste site 

gFOUf', e table indieeting the f)reseet •1,1orth ealeulatioe:s, end a gHf)h f)reseetiBg the 

effeet of diSf)osel eost on the alterneti¥e eost. The eost models created fof the 100 

Area FPS life flFeseBted in JOO Ar:es S6MFee OpeffllJle Unit 1'fi'.oC1J1sed 1'¼esihility Sl6ldy 

Ce5t Metlels (WHC 1994d). 

5.3.1 Ne hetien 

The l!flf)licability eriterie defined in Seetion 4. 2 .1 end sho•llft in Table 4 2 must 

ee met befure imf)lemeeting the No AetioB Alterneti•re. The oBly waste site gmU)'s 

thet meet the l!flf)lieability eriterie ere the seel f)it eribs end the D&D faeilities. 

Besed OB the di9eussion cofteerning D&D feeilities f)reseeted iB Seetioe 3 .1. 7, 

and the eKistiBg data on seal f)it eries, it is assumes that thefe is no eurreet threat 

w&rfllflting en interim eetion. Therefofe, the CERCU, thfeshols critefia efe met 

eeeause eurreet eoBtemiB&tioB le1+1els Me esStHBed to be et eeeef)taele le•1els. 

Table 5 2 f)resents the wlysis of the No Aetion Alterneti•.•e fof the seel f)it Cfies RBd 

D&D faeilities. Beeause Bone of the othef waste site gFOUf)S meet the applicability 

efiterie fuf BO aetioB, imf)lemeeting no eetioe would lee•;e le¥els of eontammants at 

the weste site that may f)OSe humen heelth Of eB¥iroBffleftt&l risks, end mey eot 

eofflf'lY with ARARs. Ne eetioB, in th.is ease, would Bot f)fO¥ide leeg term 

flFOteetioB, end wouls Bet reauee meeility, toKieity, er the •,•olume of the wastes. 

5.3.2 IBmtlltienel Centrals 

The l!flf)lieability eriteria defines in SeetioB 4 .2.2 9Hd sho11i1n in Table 4 2 must 

ee met before imf)lemetlting the institutioB&I eoBtfols elternati•1e. No waste site 

gfOUf)S meet the l!flf)lieability efiterie; therefore, th.is alternati•re is not e•1aluated any 

R:H"tftef iB th.is PFoeess Doet:HBeet. If a speeifie waste site meets the l!flf)lieability 
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OVERALL PROTECTION 
OF HUMAN HEALTH 

AND THE 
ENVIRONMENT 

Will risk be at acceptable 
levels? 

Timeframe to achieve 
acceptable levels? 

Will additional threats be 
minimized? 

ALTERNATIVE GW-1 : NO ACTION 

D/DR Area H Area 

Human Health: Yes , current human health risk is 

low (ICR lo-6 to lo-4, HQ < 1) for the occasional 

use scenario, based on the QRA. 

Environment: Uncertain, potential ecological risk 

exists based on chromium concentrations in near 

river wells exceeding ecological ARAR level 

(EPA Ambient Water Quality Criteria of 11 

µg/L) . Near-river well concentrations do not 

account for mixing at river-aquifer interface; 

chromium levels in the Columbia River are 

generally nondetectable (DOE-RL 1993c). Recent 

pore water samples collected from river sediments 

indicate that chromium concentrations in pore 

water exceed 11 ug/L at some locations (BHI, 

1995). No actual ecological risk has been derived 

based on actual concentrations at the river-aquifer 

interface, and no quantification of risk in the 

substrate has been made. 

The no action alternative will not achieve 

acceptable chromium levels by the end of the 

interim action period (year 2001). Although 

mixing within the river results in nondetectable 

chromium levels, concentrations in near-river 

wells are approximately 400 µg/L (DOE-RL 

1993b). Groundwater modeling results indicate 

that chromium concentrations are not likely to 

decrease significantly by the year 2001 . 

No additional threats result from implementation 

of this alternative. 

Human Health: Yes, current human health 

risk is low (ICR 10~ to lo-4, HQ < 1) for the 

occasional use scenario, based on the QRA. 

Environment: Same as D/DR Area for 

chromium. Near-river well concentrations do 

not account for mixing at river-aquifer 

interface. 

The no action alternative will not achieve 

acceptable chromium levels by the end of the 

IRM period (year 2001). Although mixing 

within the river results in non-detectable 

chromium levels, the maximum concentrations 

in near river wells is approximately 500 µg/L 

(DOE-RL 1993b). Groundwater modeling 

results indicate that chromium concentrations 

are not likely to decrease significantly by the 

year 2001. 

Same as the D/DR Area. 
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I eriterie. fer ift5titatione.l eoMFols ee.seel oft i.ftfeffflatioft m ftft 013ere.ele 1:1ftit s13eeifie 

I FPS, theft dlis e.ltem&ti•,e will ee 8.fte.ly~eel ifi the.t FPS. 

I 
I 
I 
I 
I 
I 
I 
I 

S.3.3 Ce&taiement 

The 8.J3pliee.eility eriterie. Elefmeel ifi Seetioft 4.2.3 e.B<I sho•nft m Te.ale 4 2 mHst 

ee met eefere implemefttiflg the Coftte.Hiffleftt A:lteme.ti•;e. The we.ste site gro1:113s the.t 

meet the 8.J3pliee.eility eriterie. &Fe as follows: 

• DHfflffly Eleeoetamiftotioft eries/freaeh Elraift5 

6.3 DETAILED ANALYSIS 

The detailed analysis for the 100-HR-3 Operable Unit is presented in Tables 

6-1 through 6-5. Tables 6-1 through 6-5 also include a summary of estimated costs 

for each alternative. For on olteme.ti•,es, Because the IRM period was originally 

planned to last 12 years, the cost estimates assume an interim remediation period of 

12 ye&Fs (1996-20081. Costs for alternative GW-5 (groundwater removal and 

treatment with ion exchange) were also estimated assuming a 5-year IRM period 

(1996-2001) to support the DOE and EPA planning and review process and 

incorporate lessons learned from a similar pump and treat remediation in Washington 

State (EPA 1995); these costs are presented in Section 8.0. An analysis of the 

compliance with ARARs is presented in Table 6-6. Cost details are presented in 

Appendix D. 
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COMPLIANCE ALTERNATIVE GW-1: NO ACTION 

WITH 
ARAR D/DR Area H Area 

What are the See Table 6-5. See Table 6-5. 

potential ARAR? ~ 

Will the potential See Table 6-5. See Table 6-5. ~ -
ARAR be met? 
How? 

ft) 

Cj" .... . 
Basis for waivers? This alternative may represent an interim action This alternative may represent an interim action 

preceding a final remedial action to be implemented preceding a final remedial action to be implemented 

by the year 2001. The final remedial action will be by the year 2001 . The final remedial action will be 
-I 

B. 
selected to ensure compliance with ARAR. selected to ensure compliance with ARAR. 

Reduction of chromium concentrations in Reduction of chromium concentrations in 

groundwater entering the Columbia River to below groundwater entering the Columbia River to below 

the EPA Ambient Water Quality Criteria level of 11 the EPA Ambient Water Quality Criteria level of 11 

µg/L may be technically impractical. Although the µg/L may be technically impractical. Although the 

purpose of the interim action is not aquifer purpose of the interim action is not aquifer 

restoration, contaminant concentrations in the aquifer restoration, contaminant concentrations in the 

represent the contaminant concentrations potentially aquifer represent the contaminant concentrations 

~i t::, 
0 I& !ii• t::, trJ 

ft) ...., 

iil ~ ~~ 
s,~ ::t>, 

.... ~ ~-l ~· .... .. -z u,,J 
0 t..,,!J 

entering the river. Due to the persistence of potentially entering the river. Due to the 

chromium in the environment, removal would be the persistence of chromium in the environment, 

only means of ensuring permanent compliance with removal would be the only means of ensuring 

ARAR. However, conventional pump-and-treat may permanent compliance with ARAR. However, 

never result in sufficient chromium reduction in the conventional pump-and-treat may never result in 

aquifer to comply with ARAR. sufficient chromium reduction in the aquifer to 
comply with ARAR. 

• 0,-... 

a t:::) 

• 0 -= LN 
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;- t...n 
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ct. 
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What are the See Table 6-5. See Table 6-5. 

potential TBC? 

Is the alternative See Table 6-5 . See Table 6-5. 

consistent with TBC 
listed above 



OVERALL PROTECTION ALTERNATIVE GW-1 : NO ACTION 

OF HUMAN HEALTH 
AND THE D/DR Area H Area 

ENVIRONMENT 

Will the alternative pose any Yes, groundwater will remain contaminated and Yes, groundwater will remain contaminated 

unacceptable short-term or contamination may spread to the Columbia River. and contamination may spread to the Columbia 

cross-media impacts? River. 

~ 

~ -t, 
What restoration actions may No restoration is proposed. No restoration is proposed. r-.... . 
be necessary? 

Will residual contamination Not Applicable. Not Applicable. 

(following remediation) be a 

i g 
B. 

potential problem? 

<ai 0 
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~~-" ..., 
N~ ~. a. ~ ~£ .... ~ ~· .... ....J 

~ 

z 
0 

> a 
0 = 
i!! -
~ 
ct. 
~ 

~ 



LONG-TERM 
EFFECTIVENESS 

AND 
PERMANENCE 

What is the magnitude 
of the remaining risk? 

What remaining 
sources of risk can be 
identified? 

What is the likelihood 
that the technologies 
will meet performance 
needs? 

What type and degree 
of long-term 
management is 
required? 

- - - ------- --- ---------------------

ALTERNATIVE GW-1: NO ACTION 

D/DR Area 

The potential ecological risk identified in the QRA 
will remain. Chromium concentrations in the near

river wells will not be significantly reduced from 
the current 400 µg/L levels . Groundwater 
modeling results indicate the near-river well 
concentrations will not significantly change during 

the IRM period. · 

The source of risk remaining after implementation 
of the no action alternative will be the chromium 
concentrations above the EPA Ambient Water 
Quality Criteria level of 11 µg/L in the near river 
wells. The concentrations in the near river wells 
are assumed to be the concentrations entering the 
Columbia River (without accounting for mixing) . 
Actual ecological risk from the chromium has not 
been quantified. 

Remedial technologies are not included in the no 
action alternative. However, monitoring of the site 
is assumed to continue through 2001. The no 
action alternative does not ensure protection of the 
Columbia River. 

No long-term management requirements are 
required for this alternative. Monitoring of the 
operable unit is conducted under existing programs. 
Long-term management requirements beyond the 
IRM period will be addressed by the final remedial 

action. 

HArea 

The potential ecological risk identified in the LFI 
QRA will remain. Chromium levels in the near 
river wells will not be reduced from the 
approximate 500 ppb level (LFI 1993). 
Groundwater modeling results indicate the near
river well concentrations will not significantly 
change during the IRM period. 

The source of risk remaining after implementation 
of the no action alternative will be the chromium 
concentrations above the EPA Ambient Water 
Quality Criteria levels of 11 µg/L in the near-river 
wells . The near-river well concentrations are 
assumed to be the concentrations entering the 
Columbia River, without accounting for mixing. 

Remedial technologies are not included in the no 
action alternative. However, monitoring of the 
site is assumed to continue through 2001. The no 
action alternative does not ensure protection of the 
Columbia River. 

No long-term management requirements are 
required for this alternative. Monitoring of the 
operable unit is conducted under existing 
programs. Long-term management requirements 
beyond the IRM period will be addressed by the 
final remedial action. 
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COMPLIANCE ALTERNATIVE GW-1: NO ACTION 

WITH 
ARAR D/DR Area H Area 

Will implementation See Table 6-6. See Table 6-6. 

of the alternative 
comply with ARARs 
regarding protection, 

~ e: 
fD 

restoration, and <i" 

enhancement of 
lo-' . 

natural resources 
and protection of 
cultural resources? 

i g 
a. 

What difficulties See Table 6-6. See Table 6-6. 

may be associated 
with compliance to 
ARARs? 
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LONG-TERM 
EFFECTIVENESS 

AND 
PERMANENCE 

What are potential final 
actions? 

Is the alternative for 
the IRM compatible 
with potential final 
actions? 

What are the 
uncertainties associated 
with land disposal of 
residuals and untreated 
wastes? 

Will the alternative 
provide long-term 
protection of natural 
resources? 

Will terrestrial habitats 
be degraded or 
enhanced? 

ALTERNATIVE GW-1: NO ACTION 

D/DR Area 

Potential final actions likely include no action, 

institutional controls, and pump and treat for mass 
reduction. The vertical barrier option is not 
considered for final action because chromium is 
persistent in the environment and does not readily 
degrade. The wall will contain the chromium by 
lengthening the travel time for the contaminants to 
reach the river; however, the contamination will 
eventually migrate around the wall. 

Yes . The no action alternative for IRM would 
allow time for source cleanup and additional 
information collection through the treatability test 
in 100-HR-3 prior to implementing a final action. 
The no action alternative is compatible with both 
the no action and institutional controls final actions 
in that these are simply an extension of the IRM no 

action alternative. 

Not Applicable. 

No, the no-action alternative provides no 
restoration or environmental enhancements. 

There will be no change from current terrestrial 
habitat quality. 

H Area 

Same as D/DR Area. The hydraulic barrier is not 
considered because of the logistics of maintaining 

the barrier indefinitely due to the persistence of the 

chromium. 

Yes. The no action alternative for IRM would 
allow time for source cleanup and additional 
information collection through the treatability test 
in 100-HR-3 prior to implementing a final action. 
The no action alternative is compatible with both 
the no action and institutional controls final actions 
in that these are simply an extension of the IRM 
no action alternative. 

Not Applicable. 

No, the no-action alternative provides no 
restoration or environmental enhancements. 

There will be no change from current terrestrial 
habitat quality. 
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LONG-TERM ALTERNATIVE GW-1 : NO ACTION 

EFFECTIVENESS 
AND D/DR Area H Area 

PERMANENCE 

What are the The current monitoring program will continue The current monitoring program will continue 

requirements for long- through the duration of the interim action period through the duration of the interim action period 

term monitoring? (year 2001). Evaluations will be made periodically (year 2001). Evaluations will be made periodically 

(i.e. every 5 years) to determine need for additional (i. e. every 5 years) to determine need for 

remedial action or changes to the monitoring additional remedial action or changes to the 

program. Long-term monitoring requirements monitoring program. Long-term monitoring 

beyond the IRM period will be addressed by the requirements beyond the IRM period will be 

final remedial action selected. addressed by the final remedial action selected. 

What O&M functions No O&M functions will be required. No O&M functions will be required . 

must be performed? 

What difficulties may None. None. 

be associated with 
long-term O&M? 

What is the potential None. None. 

need for replacement 
of technical 
components? 

What is the magnitude No different than current risk. No different than current risk. 

of risk should the 
remedial action need 
replacement? 

What is the degree of The number of monitoring wells currently in place The number of monitoring wells currently in place 

confidence that is considered adequate to effectively monitor is considered adequate to effectively monitor 

controls can adequately migration of contaminant plumes within the 100 migration of contaminant plumes within the 100 

handle potential D/DR Area. The frequency of sampling and the D/DR Area. The frequency of sampling and the 

problems? number of samples taken ensure accurate number of samples taken ensure accurate 

monitoring results. monitoring results . 

How is the removed Not applicable. No contaminants are removed Not applicable. No contaminants are removed 

contamination disposed from the aquifer (other than for monitoring) . from the aquifer ( other than for monitoring) . 

of! • 
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REDUCTION OF ALTERNATIVE GW-1: NO ACTION 

TOXICITY, 
MOBILITY, D/DR Area H Area 

OR VOLUME 

Does the treatment The principal threat ( chromium release into the The principal threat (chromium release into the 

process address the river) is not addressed by this alternative. river) is not addressed by this alternative. 

principal threats? 

~ 

e: 
~ 

Are there any special No special requirements are associated with this No special requirements are associated with this ~ 
""" . 

requirements for the alternative. alternative. 

treatment process? 

What portion of the Contaminated material is neither treated nor Contaminated material is neither treated nor 

i 
i: 
B. 

contaminated material is destroyed. destroyed. 

treated/destroyed? 

To what extent is total The mass of chromium entering the river is not The mass of chromium entering the river is not 

mass of toxic significantly affected by this alternative. significantly affected by this alternative. 

contaminants reduced? Groundwater modeling results indicate that Groundwater modeling results indicate that 

chromium concentrations will not change chromium concentrations will not change 

significantly during the IRM period (until 2001). significantly during the IRM period (until 2001). 
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To what extent is the Contaminant mobility is not reduced. Contaminant mobility is not reduced. 

mobility of toxic 
contaminants reduced? 
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To what extent is the Contaminant volume is not reduced. Contaminant volume is not reduced. 

volume of toxic 
contaminants reduced? 

~ co - co 
~ 
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To what extent are the Contaminant migration into the river as well as 
< 

Contaminant migration into the river as well as !D 

effects of the treatment movement of contaminant plumes is irreversible. movement of contaminant plumes is irreversible. 

irreversible? 

What are the quantities No treatment residuals result from this alternative. No treatment residuals result from this 

of residuals and alternative. 

characteristics of the 
residual risks? 

What risks do treatment No risk from treatment is associated with this No risk from treatment is associated with this 

of residuals pose? alternative. alternative. • 



LONG-TERM 
EFFECTIVENESS 

AND 
PERMANENCE 

How will the remedial 
action affect the overall 
quality of the 
ecosystem? 

ALTERNATIVE GW-1: NO ACTION 

D/DR Area H Area 

Because no action is taken, the quality of the 

ecosystem will remain in its current state. 
Because no action is taken, the quality of the 

ecosystem will remain in its current state. 
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REDUCTION OF 
TOXICITY, 
MOBILITY, 

OR VOLUME 

Will long-term 
maintenance and 
monitoring of 
mitigation/restoration 
efforts be necessary? 

ALTERNATIVE GW-1: NO ACTION 

D/DR Area H Area 

Not Applicable. Not Applicable. 
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REDUCTION OF ALTERNATIVE GW-1: NO ACTION 

TOXICITY, 
MOBILITY, D/DR Area H Area 

OR VOLUME 

Is treatment used to The inherent hazards associated with the principal The inherent hazards associated with the 

reduce inherent hazards threat are not reduced by this alternative. No principal threat are not reduced by this 

posed by principal threats treatment is included in this alternative. alternative. No treatment is included in this 
~ er -~ 

at the site? alternative. i" .... . 
How does the proposed Not Applicable. Not Applicable. 

treatment impact natural 
resources? 

i g 
a. 

Does the alternative Existing groundwater is contaminated and a loss of Existing groundwater is contaminated and a loss 

result in a gain or loss of natural resource quality will result with the spread of natural resource quality will result with the 

quality at the site for of contamination. spread of contamination. 

natural resources? 

Will implementation of Not Applicable. Not Applicable. 

the alternative result in 
short-term impacts to 

~! t:, 

I&!· 0 
~ om .... ;, ~~ 
Cl""I ~. =~ tJj 'f 

b. ~.:.. -...I .. 
natural resources (e.g., 

2! 
0 

exposure of ecological > 
receptors to physical or 
chemical impacts, noise, 

Q. -· 0 = 
intrusion to habitat and i!! 
special breeding areas, 
temporary displacement, 
or seasonal restrictions 

-~ 
i --· ~ 

on habitat use)? 
!D 

Will the natural resource Not Applicable. Not Applicable. 

restoration activities 
associated with this 
alternative be easily 
implemented? 



SHORT-TERM ALTERNATIVE GW-1: NO ACTION 

EFFECTIVENESS 
D/DR Area H Area 

How long until remedial The RAO (protection of the river) will not be The RAO (protection of the river) will not be 

action objectives are achieved by this alternative within the time frame of achieved by this alternative within the time 

achieved? the IRM (year 2001), due to continued unrestricted frame of the IRM (year 2001), due to continued 

migration of chromium contamination into the unrestricted migration of chromium 

Columbia River. The final remedial action should contamination into the Columbia River. The 

ensure the RAO are appropriate to changes in final remedial action should ensure the RAO are 

~ -tD 

'l' .. . 
objectives and achieved within a selected reasonable appropriate to changes in objectives and 

timeframe. achieved within a selected reasonable timeframe. i 
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SHORT-TERM 
EFFECTIVENESS 

What are the risks to the 
community during 
remedial actions that 
must be addressed? 

How will the risks to the 
community be addressed 
and mitigated? 

What risks remain to the 
community that cannot 
be readily controlled? 

What are the risks to the 
workers that need to be 
addressed? 

What risks remain to the 
workers that cannot be 
readily controlled? 

How will the risks to the 
workers be addressed 
and mitigated? 

What environmental 
impacts are expected 
with the construction and 
implementation of the 
alternative? 

What are the impacts 
that cannot be avoided 
should the alternative be 
implemented? 

ALTERNATIVE GW-1: NO ACTION 

D/DR Area H Area 

None. None. 

See above. See above. 

None. None. 

None. None. 

None. None. 

None. None. 

None, based on the use of existing monitoring None, based on the use of existing monitoring 

wells. wells. 

None. None. 
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IMPLEMENT ABILITY ALTERNATIVE GW-1: NO ACTION 

D/DR Area H Area 

What additional equipment None. None. 

and specialists are 
required and what are 
their potential impacts to 
implementation? 

~ g. -~ 
~ .... 

Are technologies under Yes, groundwater monitoring technology is well Yes , groundwater monitoring technology is well 

consideration generally established technology and readily ava_ilable. established technology and readily available. 

available and sufficiently 

. 
i 
i: 

demonstrated? 
a. 

Will technologies require No. No. 

further development 
before they can be applied 
at the site? 

~i 
ii;. 
~ .... ;, 
tll "'1 

Will more than one Yes, groundwater monitoring equipment and Yes, groundwater monitoring equipment and 

vendor be available to services are commercially available. services are commercially available. 
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IMPLEMENT ABILITY ALTERNATIVE GW-1: NO ACTION 

D/DR Area H Area 

What difficulties and None. None. 

uncertainties are 
associated with 
construction? 

~ 

~ -~ 
What is the likelihood that None. None. ~ 

i,. 

technical problems will 
lead. to schedule delays? 

What likely future None anticipated within the time frame of interim None anticipated within the time frame of 

remedial actions are .action (year 2001), final remedial actions should be interim action (year 2001), final remedial 

anticipated? determined by year 2001. actions should be determined by year 2001 . 

What risks of exposure Since this alternative does not involve the use of Since this alternative does not involve the use of 

exist should monitoring be active remedial measures, groundwater monitoring active remedial measures, groundwater 

insufficient to detect failure would not result in exposure risks other monitoring failure would not result in exposure 

failure? than what is currently present ( chromium migration risks other than what is currently present 

into the Columbia River at concentrations above ( chromium migration into the Columbia River 
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ecological ARAR, EPA Water Quality Criteria of at concentrations above ecological ARAR, EPA z 
11 µg/L) . Water Quality Criteria of 11 µg/L). 0 

> 
What activities are None. None. a 

0 

proposed which require 
coordination with other 

= 
~ -

agencies? 

Are adequate treatment, Treatment, storage, and disposal are not applicable Treatment, storage, and disposal are not 

storage capacity, and to this alternative. applicable to this alternative. 

a 
ct. 
< 
!II 

disposal services 
available? 

Are the necessary Yes, groundwater monitoring is well established Yes , groundwater monitoring is well established 

equipment and specialists technology; equipment and specialists are readily technology; equipment and specialists are 

available? available. readily available. 



COST 
COMPONENT 

Capital? 

Operation and 
Maintenance? 

Present Worth? 

L 

9513360 .. 1392 
DOE/RL-94-67 

Draft B 

Table 6-1. Detailed Analysis for GW-1, No Action Alternative. 
(Page 16 of 16) . 

ALTERNATIVE GW-1: NO ACTION 

DIOR Area H Area 

$0 $0 

$0 $0 

$0 $0 



OVERALL 
PROTECTION 

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

OF HUMAN HEALTH 
AND THE 

ENVIRONMENT 

Will risk be at acceptable 
levels? 

Timeframe to achieve 
acceptable levels? 

D/DR Area 

Human Health: Yes, current human health risk is low 
(ICR lo-6 to lo-4, HQ < 1) for the occasional use 
scenario, based on the QRA. 

Environment: Uncertain; potential ecological risk 
exists based on chromium concentrations in near river 
wells exceeding ecological ARAR level (EPA Ambient 
Water Quality Criteria of 11 µg/L). Near-river well 
concentrations do not account for mixing at river
aquifer interface; chromium levels in the Columbia 
River are nondetectable (DOE-RL 1993c). Pore water 
samples collected recently from river sediments 
indicate that chromium concentrations exceed 11 µg/L 
at some locations (BHI 1995). No actual ecological 
risk has been derived based on actual concentrations at 
the river aquifer interface, and no quantification of 
risk associated with the substrate has been made. 

The institutional controls/continued current actions 
alternative will not achieve acceptable chromium levels 
by the end of the interim action period (year 2001). 
Although mixing within the river results in 
nondetectable chromium levels, concentrations in near
river wells are approximately 400 µg/L (DOE-RL 
1993b). Groundwater modeling results indicate that 
chromium concentrations in near river wells will not 
change significantly during the interim action period. 

Will additional threats be No additional threats result from implementation of 

minimized? this alternative. 

H Area 

Human Health: Yes, current human health risk 
is low (ICR 10-6 to lo-4, HQ < 1) for the 
occasional use scenario, based on the QRA. 

I 
I 

I 
Environment: Uncertain; potential ecological 
risk exists based on chromium concentrations in 
near river wells exceeding ecological ARAR 
level (EPA Ambient Water Quality Criteria of 
11 µg/L) . Near-river well concentrations do not 
account for mixing at river-aquifer interface; 
chromium levels in the Columbia River are 
nondetectable (DOE-RL 1993c). Pore water 
samples collected recently from river sediments 
indicate that chromium concentrations exceed 11 
µ.g/L at some locations (BHI 1995). No actual 
ecological risk has been derived based on actual 
concentrations at the river aquifer interface, and 
no quantification of risk associated with the 
substrate has been made. 

The no action alternative will not achieve 
acceptable chromium levels by the end of the 
interim action period (year 2001) . Although 
mixing within the river results in non-detectable 
chromium and iron levels, maximum 
concentrations in near river wells are 
approximately 500 µg/L (DOE-RL 1993b). 
Groundwater modeling results indicate that 
chromium concentrations in near river wells will 
not change significantly during the interim 
action period. 

Same as the D/DR Area. 
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OVERALL ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

PROTECTION I 
OF HUMAN HEALTH 

AND THE D/DR Area H Area 

ENVIRONMENT 

Will the alternative pose Yes , groundwater will remain contaminated and Yes, groundwater will remain contaminated and 

any unacceptable short- contamination may spread to the Columbia River. contamination may spread to the Columbia 

term or cross-media River. 

impacts? I 

What restoration actions No restoration is proposed. No restoration is proposed. 

may be necessary? 

Will residual Not Applicable Not Applicable 

contamination (following 
remediation) be a 
potential problem? 

---- - - -



COMPLIANCE 
WITH 
ARAR 

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

What are the 
potential ARAR? 

Will the potential 
ARAR be met? 
How? 

Basis for waivers? 

D/DR Area 

See Table 6-5. 

See Table 6-5. 

This alternative may represent an interim action 

preceding a final remedial action to be implemented 

by the year 2001. The final remedial action will be 

selected to ensure compliance with ARAR. 

Reduction of chromium concentrations in 

groundwater entering the Columbia River to below 

the EPA Ambient Water Quality Criteria level of 11 

µg/L may be technically impractical. Although the 

purpose of the interim action is not aquifer 

restoration, contaminant concentrations in the aquifer 

represent the contaminant concentrations potentially 

entering the river. Due to the persistence of 

chromium in the environment, removal would be the 

only means of ensuring permanent compliance with 

ARAR. However, conventional pump-and-treat may 

never result in sufficient chromium reduction in the 

aquifer to comply with ARAR. 

What are the See Table 6-5 . 

potential TBC? 

Is the alternative See Table 6-5. 
consistent with TBC 
listed above 

H Area 

See Table 6-5 . 

See Table 6-5. 

This alternative may represent an interim action 

preceding a final remedial action to be implemented 

by the year 2001. The final remedial action will be 

selected to ensure compliance with ARAR. 

Reduction of chromium concentrations in 
groundwater entering the Columbia River to below 

the EPA Ambient Water Quality Criteria level of 11 

µg/L may be technically impractical. Although the 

purpose of the interim action is not aquifer 

restoration, contaminant concentrations in the 

aquifer represent the contaminant concentrations 

potentially entering the river. Due to the 

persistence of chromium in the environment, 

removal would be the only means of ensuring 

permanent compliance with ARAR. However, 

conventional pump-and-treat may never result in 

sufficient chromium reduction in the aquifer to 

comply with ARAR. 

(also applies to iron). 

See Table 6-5. 

See Table 6-5. 
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COMPLIANCE ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

WITH 

~ 

~ -
ARAR D/DR Area H Area ~ 

t 
Will implementation See Table 6-6. See Table 6-6. 

of the alternative 
comply with ARARs 
regarding protection, 

n· 
8 li' 
g. i: C • 

a a 
restoration, and 
enhancement of 
natural resources 
and protection of 
cultural resources? 

What difficulties See Table 6-6. See Table 6-6. 

may be associated 
with compliance to 
ARARs? 
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LONG-TERM 
EFFECTIVENESS 

AND 
PERMANENCE 

What is the magnitude 
of the remaining risk? 

What remaining 
sources of risk can be 
identified? 

What is the likelihood 
that the technologies 
will meet performance 
needs? 

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

D/DR Area 

The potential ecological risk identified in the QRA 

will remain. Chromium concentrations in the near
river wells will not be significantly reduced from 

the current 400 µg/L levels. Groundwater 
modeling results indicate the near-river well 
concentrations will not significantly change during 
the IRM period. 

The source of risk remaining after implementation 
of the no action alternative will be the chromium 
concentrations above the EPA Ambient Water 
Quality Criteria level of 11 µg/L in the near river 
wells. The concentrations in the near river wells 
are assumed to be the concentrations entering the 
Columbia River (without accounting for mixing). 
Actual ecological risk from the chromium has not 
been quantified. 

Remedial technologies are not included in the no 
action alternative. However, monitoring and 
government control of the site is assumed to 
continue through 2001. These actions will ensure 
restriction against public access and warning of 
changes in contaminant concentration migration. 
However, no action does not ensure protection of 
the Columbia River. 

H Area 

The potential ecological risk identified in the LFI 
QRA will remain. Chromium levels in the near 

river wells will not be reduced from the 
approximate 500 ppb level (LFI 1993). 
Groundwater modeling results indicate the near
river well concentrations will not significantly 
change during the IRM period. 

Same as D/DR Area. 

Remedial technologies are not included in the no 
action alternative. However, monitoring and 
government control of the site is assumed to 
continue through 2001. These actions will ensure 
restriction against public access and warning of 
changes in contaminant concentration migration. 
However, no action does not ensure protection of 
the Columbia River. 
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LONG-TERM ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 
EFFECTIVENESS i 

fD 
AND D/DR Area H Area 

PERMANENCE i . 
n· 

What type and degree Long-term management requirements for this Long-term management requirements for this 
of long-term alternative involve continued access restriction alternative involve continued access restriction 
management is enforcement and groundwater monitoring through enforcement and groundwater monitoring through 

8 i 
g. [ = . 
a. a. 

required? the duration of the interim action period (year the duration of the interim action period (year 
2001). Remedial actions beyond the interim action 2001). Remedial actions beyond the interim action 
period will be addressed by a comprehensive risk period will be addressed by a comprehensive risk 

· assessment and final remedial action; no other long- assessment and final remedial action; no other 
term management is required. Long-term long-term management is required. Long-term 
management requirements beyond 2001 will be management requirements beyond 2001 will be 
addressed by the final remedial action. addressed by the final remedial action. 
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What are the The current monitoring program will continue The current monitoring program will continue 
requirements for long- through the duration of the interim action period through the duration of the interim action period 
term monitoring? (year 2001). Evaluations will be made periodically (year 2001). Evaluations will be made periodically 

(i.e. every 5 years) to determine need for additional (i.e. every 5 years) to determine need for 
remedial action or changes to the monitoring additional remedial action or changes to the 
program. Long-term monitoring requirements monitoring program. Long-term monitoring 
beyond 2001 will be addressed by the final requirements beyond 2001 will be addressed by the 
remedial action selected. final remedial action selected. 
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What O&M functions O&M will be required throughout the interim O&M will be required throughout the interim 
must be performed? action period to perform and maintain groundwater action period to perform and maintain groundwater 

.c..>,i 
·",,,C;I 
CT1 

monitoring activities . monitoring activities. 

What difficulties may None foreseeable, based on government control None foreseeable, based on government control 
be associated with maintained through the IRM period. maintained through the IRM period. 
long-term O&M? 

What is the potential Periodic replacement or refurbishing of Periodic replacement or refurbishing of 
need for replacement groundwater monitoring wells may be required on groundwater .monitoring wells may be required on 
of technical an as needed basis. an as needed basis . 
components? 



LONG-TERM ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

EFFECTIVENESS 
i 
l'D 

AND D/DR Area H Area 

PERMANENCE. 
~ 

n· 

What is the magnitude Negligible risk is associated with maintenance or Negligible risk is associated with maintenance or 

of risk should the replacement of groundwater monitoring wells. replacement of groundwater monitoring wells. 

remedial action need These activities primarily involve physical hazards These activities primarily involve physical hazards 

8 i 
g. g 
C . 

a.a. 
replacement? to workers such as those associated with drilling to workers such as those associated with drilling 

activities. activities. 

What is the degree of The number of monitoring wells currently in place The number of monitoring wells currently in place 

confidence that is considered adequate to effectively monitor is considered adequate to effectively monitor 

controls can adequately migration of contaminant plumes within the 100 migration of contaminant plumes within the 100 

handle potential D/DR Area. The frequency of sampling and the D/DR Area. The frequency of sampling and the 

problems? number of samples taken ensure accurate number of samples taken ensure accurate 

monitoring results. monitoring results. 
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How is the removed Not applicable. No contaminants are removed Not applicable. No contaminants are removed 

contamination disposed from the aquifer (other than for monitoring). from the aquifer (other than for monitoring). 

of? 
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What are potential final Potential final actions likely include no action, Same as D/DR Area. The hydraulic barrier is not 

actions? institutional controls, and pump and treat for mass considered because of the logistics of maintaining 

reduction. The vertical barrier option is not the barrier indefinitely due to the persistence of the 

Q a 
i -

considered for final action because chromium is chromium. 

persistent in the environment and does not readily 

degrade. The wall will contain the chromium by 

lengthening the travel time for the contaminants to 

reach the river; however, the contamination will 

eventually migrate around the wall. 

- - ----



LONG-TERM ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 
EFFECTIVENESS ~ -

AND D/DR Area H Area 
PERMANENCE 

~ -

t 
(j • 

Is the alternative for Yes. The institutional controls/continued current Yes. The institutional controls/continued current 
the IRM compatible actions alternative for IRM would allow time for actions alternative for IRM would allow time for 
with potential final source cleanup and additional information collection source cleanup and additional information 

8 i 
i i C • 

a. a. 
actions. through the treatability test in 100-HR-3 prior to collection through the treatability test in 100-HR-3 

implementing a final action. The institutional prior to implementing a final action. The 
controls/continued current actions alternative is institutional controls/continued current actions 
compatible with both the no action and institutional alternative is compatible with both the no action 
controls final actions in that these are simply an and institutional controls final actions in that these 
extension of the IRM institutional are simply an extension of the IRM institutional 
controls/continued current actions alternative. controls/continued current actions alternative. 
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What are the Not Applicable Not Applicable 
uncertainties associated 
with land disposal of 
residuals and untreated 
wastes? 
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Will the alternative No, this alternative provides no restoration or No, this alternative provides no restoration or 
provide long-term environmental enhancements, although continuing environmental enhancements, although continuing 
protection of natural current action will help develop technology current action will help develop technology 

0 .t.J-,j 
!a · (..,N a -Ci"-, 

!ii' CJ -- ~ 

resources? performance data for identifying a final action for performance data for identifying a final action for 
the operable unit. the operable unit. 

t..>.J 

"° a.... 

Will terrestrial habitats There will be no change from current terrestrial There will be no change from current terrestrial 
be degraded or habitat quality. habitat quality. 
enhanced? 

How will the remedial Because no remedial action is taken, the quality of Because no remedial action is taken, the quality of 
action affect the overall the ecosystem will remain in its current state. the ecosystem will remain in its current state. 
quality of the 
ecosystem? 



REDUCTION OF ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

TOXICITY, 

~ 

~ -~ 
MOBILITY, D/DR Area H Area 

OR VOLUME 
t 

n· 

Does the treatment The principal threat ( chromium release into the The principal threat (chromium release into the 

process address the river) is not addressed by this alternative. river) is not addressed by this alternative. 

principal threats? 

8 i 
i· g = . a. a. 

Are there any special No special requirements are associated with this No special requirements are associated with this 

requirements for the alternative. alternative. 

treatment process? 

What portion of the Contaminated material is neither treated nor Contaminated material is neither treated nor 

contaminated material is destroyed. destroyed. 

treated/destroyed? 

To what extent is total The mass of chromium entering the river is not The mass of chromium and iron entering the 

mass of toxic affected by this alternative. Groundwater modeling river will not be affected by this alternative. 

contaminants reduced? results indicate the contaminant concentrations in Groundwater modeling results indicate the 

near-river wells do not significantly change during contaminant concentrations in near-river wells 

the interim action period. do not significantly change during the interim 
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action period. 0 a ., 
To what extent is the Contaminant mobility is not reduced. Contaminant mobility is not reduced. 0 

r;;-

mobility of toxic 
-

contaminants reduced? 

To what extent is the Contaminant volume is not reduced. Contaminant volume is not reduced. 

volume of toxic 
contaminants reduced? 

To what extent are the Contaminant migration into the river as well as Contaminant migration into the river as well as 

effects of the treatment movement of contaminant plumes is irreversible. movement of contaminant plumes is irreversible. 

irreversible? 

What are the quantities No treatment residuals result from this alternative. No treatment residuals result from this 

of residuals and alternative. 

characteristics of the 
residual risks? 

• 



REDUCTION OF ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 
TOXICITY, 
MOBILITY, D/DR Area H Area 

OR VOLUME 

i 
~ 

t n· 
What risk do treatment No risk from treatment is associated with this No risk from treatment is associated with this 

of residuals pose? alternative. alternative. 

Is treatment used to The inherent hazards associated with the principal The inherent hazards associated with the 
reduce inherent hazards threat are not reduced by this alternative. No principal threat are not reduced by this 
posed by principal threats treatment is included in this alternative. alternative. No treatment is included in this 

at the site? alternative. 

How does the proposed Not Applicable. Not Applicable. 
treatment impact natural 
resources? 

Does the alternative Existing groundwater is contaminated and a loss of Existing groundwater is contaminated and a loss 
result in a gain or loss of natural resource quality will result with the spread of natural resource quality will result with the 
quality at the site for of contamination. spread of contamination. 
natural resources? 
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Will implementation of Not Applicable Not Applicable 
the alternative result in 
short-term impacts to 
natural resources (e.g. , 
exposure of ecological 
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receptors to physical or '--.J 

chemical impacts, noise, 
intrusion to habitat and 
special breeding areas, 
temporary displacement, 
or seasonal restrictions 
on habitat use)? 

Will the natural resource Not Applicable Not Applicable 
restoration activities 
associated with this 
alternative be easily 
implemented? 



REDUCTION OF ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

TOXICITY, 
MOBILITY, D/DR Area H Area 

OR VOLUME 

Will long-term Not Applicable Not Applicable 

maintenance and 
monitoring of 
mitigation/restoration 
efforts and activities be 
necessary? 



SHORT-TERM ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

EFFECTIVENESS 
D/DR Area H Area 

i 
~ 

What are the risks to the None. None. 

community during 
remedial actions that 
must be addressed? 

t n· 
0 

ii a. a. 
How will the risks to the See above. See above. 

community be addressed 
and mitigated? 

What risks remain to the None. None. 

community that cannot 
be readily controlled? 

What are the risks to the Risks to workers are associated with groundwater Risks to workers are associated with 

workers that need to be monitoring. Minimal exposure risks are anticipated groundwater monitoring. Minimal exposure 

addressed? with monitoring activities. The exposure duration risks are anticipated with monitoring activities . 

associated with monitoring is estimated to be The exposure duration associated with 

approximately 12 hours per year per worker. monitoring is estimated to be approximately 12 
hours per year per worker. 

What risks remain to the None. None. 

workers that cannot be 

n i I~ t, 
0 

- Fil" 0 tr1 
> 8' ~ ~ a-. "1 ~. 
~ ~ tz:I 12 

°' ~ -..J ~--! [ 
NC 
0 a. 
..., 0 

;l "'° c.n 
n -0 ~ 

ij ~ 
O"~ 0 .c:::, Fii' - t -

readily controlled? 
t.>..! 
' .....O 

How will the risks to the Workers involved with monitoring activities will be Workers involved with monitoring activities will 
.0::, 

workers be addressed required to undergo extensive training in sample be required to undergo extensive training in 

and mitigated? collection and handling procedures. Health and sample collection and handling procedures. 

safety protocols will be established and enforced, Health and safety protocols will be established 

such as specification of personal protection and enforced, such as specification of personal 

equipment, safe work practices, contamination protection equipment, safe work practices, 

control measures , and decontamination procedures. contamination control measures, and 
decontamination procedures. 



SHORT-TERM ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

EFFECTIVENESS 
D/DR Area H Area 

What environmental None, based on the use of existing monitoring None, based on the use of existing monitoring 

impacts are expected wells. Negligible impacts are anticipated if periodic wells. Negligible impacts are anticipated if 

with the construction and well maintenance is required. periodic well maintenance is required. 

implementation of the 
alternative? 

What are the impacts Impacts are minimal. Impacts are minimal. 

that cannot be avoided 
should the alternative be 
implemented? 

How long until remedial The RAO (protection of the river) will not be The RAO (protection of the river) will not be 

action objectives are achieved by this alternative within the time frame of achieved by this alternative within the time 

achieved? the interim remedial action (year 2001), due to frame of the interim remedial action (year 2001), 

continued unrestricted migration of chromium due to continued unrestricted migration of 

contamination into the Columbia River. The final chromium contamination into the Columbia 

remedial action should ensure the RAO are River. The final remedial action should ensure 

appropriate to changes in objectives and achieved the RAO are appropriate to changes in objectives 

within a selected reasonable timeframe. and achieved within a selected reasonable 

timeframe. 



IMPLEMENT ABILITY ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

D/DR Area H Area 
i 
~ 

What difficulties and None. None. 
uncertainties are 
associated with 
construction? 

~ 
('}~ 

8 i 
(·i 
a. a. 

What is the likelihood that None. None. 

technical problems will 
lead to schedule delays? 

What likely future None anticipated within the time frame of interim None anticipated within the time frame of 

remedial actions are action (year 2001), final remedial actions should be interim action (year 2001), final remedial 

anticipated? determined by year 2001. actions should be determined by year 2001 . 

What risks of exposure Since this alternative does not involve the use of Since this alternative does not involve the use of 

exist should monitoring be active remedial measures, groundwater monitoring active remedial measures, groundwater 

insufficient to detect failure would not result in exposure risks other monitoring failure would not result in exposure 

failure? than what is currently present (chromium migration risks other than what is currently present 
into the Columbia River at concentrations above ( chromium migration into the Columbia River 
ecological ARAR, EPA Water Quality Criteria of at concentrations above ecological ARAR, EPA 
11 µg/L). Water Quality Criteria of 11 µg/L). 

What activities are None. None. 
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proposed which require -u-.1 
coordination with other 
agencies? 

'° '° 
Are adequate treatment, Treatment, storage, and disposal are not applicable Treatment, storage, and disposal are not 
storage capacity, and to this alternative. applicable to this alternative. 
disposal services 
available? 

Are the necessary Yes, groundwater monitoring is well established Yes, groundwater monitoring is well established 

equipment and specialists technology; equipment and specialists are readily technology; equipment and specialists are 

available? available. readily available. 



IMPLEMENT ABILITY ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED CURRENT ACTIONS 

D/DR Area H Area 

What additional equipment None. None. 

and specialists are 
required and what are 
their potential impacts to 
implementation? 

Are technologies under Yes, groundwater monitoring technology is well Yes, groundwater monitoring technology is 'Yell 

consideration generally established technology and readily available. established technology and readily available. 

available and sufficiently 
demonstrated? 

Will technologies require No. No. 

further development 
before they can be applied 
at the site? 

Will more than one Yes, groundwater monitoring equipment and Yes, groundwater monitoring equipment and 

vendor be available to services are commercially available. services are commercially available. 

provide a competitive bid? 



COST 
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Table 6-2. Detailed Analysis for GW-2, Institutional Controls/ 
- Continued Current Actions (Page 16 of 16) 

ALTERNATIVE GW-2: INSTITUTIONAL CONTROLS/CONTINUED 
COMPONENT CURRENT ACTIONS 

D/DR Area H Area 

Capital? $0 $0 

Operation and $1,300,000 $1,000,000 
Maintenance? 

Present Worth? $960,000 $950,000 



OVERALL 
PROTECTION OF 
HUMAN HEALTH 

AND THE 
ENVIRONMENT 

Will risk be at acceptable 
levels? 

ALTERNATIVE GW-3: CONTAINMENT 

D/DR Area H Area 

Human Health: Yes, the QRA indicates current 

risk to human health is low (ICR 10-6 to lo-', HQ 

< 1). 

Environment: Uncertain. Groundwater modeling 

results indicate the sheet piling cutoff wall in 

combination with hydraulic control will effectively 

intercept the chromium plume upgradient of the 

Columbia River. Groundwater modeling suggests 

that containment will prevent most of the chromium 

from reaching the Columbia River. However, 

chromium located between the containment system 

and the river will not be obstructed from reaching 

the river. The risk associated with the substrate of 

the Columbia River has not been quantified. 

Human Health: Yes, the 100-HR-3 Operable Unit 

LFI QRA indicates current risk to human health is 

low (ICR 10-6 to lo-', HQ < 1) . 

Environment: Groundwater modeling results indicate 

that hydraulic control (downgradient extraction 

followed by upgradient ·injection) will effectively 

intercept the chromium plume upgradient of the 

Columbia River. Groundwater modeling suggests 

that containment will prevent most of the chromium 

from reaching the Columbia River. However, 

chromium located between the containment system 

and the river will not be obstructed from reaching the 

river. The risk associated with the substrate of the 

Columbia River has not been quantified. 
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OVERALL 
PROTECTION OF 
HUMAN HEALTH 

AND THE 
ENVIRONMENT 

Timeframe to achieve 
acceptable levels? 

Will additional threats be 
minimized? 

ALTERNATIVE GW-3: CONTAINMENT 

D/DR Area H Area 

The timeframe to achieve reduction in chromium 
mass entering the Columbia River is equivalent to 
the time required for implementation, i.e., the 
implementation of the wall immediately prevents 
chromium behind the wall from reaching the river. 
However, chromium located between the wall and 
the river will not be obstructed from reaching the 
river. Procurement and construction time for 
installation of the sheet piling cutoff wall and 
hydraulic control wells is estimated to be 
approximately 1 year. However, the time required 
to obtain the necessary permits and agreements to 
perform construction activities along the river is 
unknown. 

Additional threats to workers resulting from 
implementation of this alternative will be minimized 
by developing health and safety protocols defining 
training requirements, safe work practices, and 
personal protection equipment, contamination 
control measures, and decontamination procedures . 

Additional threats to the environment resulting from 
implementation of this alternative will be minimized 
by limiting habitat disturbances to the extent 
possible and performing construction activities 
during seasons when threatened or endangered 
species, such as the bald eagle, do not inhabit the 
area. 

The timeframe to achieve reduction in chromium 
mass entering the Columbia River is equivalent to the 
time required for implementation. Procurement and 
construction time for installation of the hydraulic 
control wells is estimated to be approximately 1 year. 
Due to the limited construction activity associated 
with well installation, the time required to obtain the 
necessary permits and agreements to perform 
installation is considered negligible. 

Additional threats to workers resulting from 
implementation of this alternative will be minimized 
by developing health and safety protocols defining 
training requirements, safe work practices, and 
personal protection equipment, contamination control 
measures, and decontamination procedures. 

Additional threats to the environment resulting from 
implementation of this alternative will be minimized 
by limiting habitat disturbances to the extent possible 
and performing construction activities during seasons 
when threatened or endangered species, such as the 
bald eagle, do not inhabit the area. 
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OVERALL ALTERNATIVE GW-3: CONTAINMENT 

PROTECTION OF 
HUMAN HEALTH 

AND THE D/DR Area H Area 

ENVIRONMENT 
~ 

~ 

Will the alternative pose All contaminants are left in place or returned to the Contaminants are left in place or returned to the 
ii' 
Cl\ 

any unacceptable short- aquifer, so additional media are not impacted. aquifer, so additional media are not impacted. ~ . 
term or cross-media Placement of the surface barrier will temporarily Placement of the surface barrier will temporarily 

impacts? disrupt wildlife. disrupt wildlife. 
~ n, 

i. 
What restoration actions Revegetation of excavated area will be necessary. Revegetation of excavated area will be necessary. ii' 

C. 

may be necessary? Revegetation techniques are well established, but Revegetation techniques are well established, but arid 

arid lands require time. lands require time. 
~ 
e?. 

Will residual Contaminants will remain at the site. Monitoring is Contaminants will remain at the site. Monitoring is 

contamination (following required because of possible offsite migration. required because of possible offsite migration. 

remediation) be a 
potential problem? 
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COMPLIANCE ALTERATIVE GW-3: CONTAINMENT 

WITH ARAR 
D/DR Area H Area 

What are the See Table 6-5. See Table 6-5 . -3 
potential ARAR? g: 

~ 

Will the potential See Table 6-5. See Table 6-5. 

ARAR be met? 

O'I 
~ 

How? i 
Basis for waivers? This alternative may represent an interim action This alternative may represent an interim action 

preceding a final remedial action. The final remedial preceding a final remedial action. The final remedial 
action will be selected to ensure compliance with action will be selected to ensure compliance with 

ARAR. ARAR. 

Reduction of chromium concentrations in groundwater Reduction of chromium concentrations in groundwater 
entering the Columbia River to below the EPA entering the Columbia River to below the EPA 
Ambient Water Quality Criteria level of 11 µg/L may Ambient Water Quality Criteria level of 11 µg/L may 
be technically impractical . Although the purpose of be technically impractical. Although the purpose of 
the interim action is not aquifer restoration, the interim action is not aquifer restoration, 
contaminant concentrations in the aquifer represent the contaminant concentrations in the aquifer represent the 
contaminant concentrations potentially entering the contaminant concentrations potentially entering the 
river. Due to the persistence of chromium in the river . Due to the persistence of chromium in the 
environment, removal would be the only means of environment, removal would be the only means of 
ensuring permanent compliance with ARAR. ensuring permanent compliance with ARAR. 
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However, conventional pump and treat may never However, conventional pump and treat may never -~ ., 
result in sufficient chromium reduction in the aquifer to result in sufficient chromium reduction in the aquifer . = ~ 

comply with ARAR. to comply with ARAR. -:a· 
~ 

What are the See Table 6-5 . See Table 6-5 . 

potential TBC? 

Is the alternative See Table 6-5. See Table 6-5 . 

consistent with TBC 
listed above 



COMPLIANCE ALTERATIVE GW-3: CONTAINMENT 

WITII ARAR D/DR Area H Area 

Will implementation See Table 6-6. See Table 6-6. 

of the alternative 
comply with ARARs 
regarding protection, 
restoration, and 
enhancement of 
natural resources and 
protection of cultural 
resources? 

What difficulties may See Table 6-6. See Table 6-6. 

be associated with 
compliance to 
ARARs? 



I 

LONG-TERM 
EFFECTIVENESS 

AND PERMANENCE 

What is the magnitude 
of the remaining risk? 

What remaining sources 
of risk can be 
identified? 

What is the likelihood 
that the technologies 
will meet performance 
needs? 

ALTERATIVE GW-3: CONTAINMENT 

D/DR Area H Area 

Although groundwater modeling results indicate this 
alternative can reduce the mass of chromiwn entering 
the Colwnbia River during the interim action period, 
chromiwn contaminated groundwater will remain in 
the unconfined aquifer. The integrity of the 
containment system (sheet piling cutoff wall and 
hydraulic control wells) can be maintained through 
the duration of the interim action period, but final 
remedial action will likely be required to address the 
remaining chromiwn contaminated groundwater. 

Chromiwn contaminated groundwater contained by 
the sheet piling wall will remain at concentrations 
above the 11 µg/L EPA Ambient Water Quality 
Criteria level. 

Sheet piling cutoff wall technology is well developed. 
The use of hydraulic control measures (extraction 
wells at the ends of the sheet piling wall) can enhance 
the effectiveness of the wall. Groundwater modeling 
results indicate this containment system will be 
effective in reducing the mass of chromiwn entering 
the river. However, since chromiwn contamination 
within the aquifer is not reduced, additional remedial 
actions would be required in the future. 

Although groundwater modeling results indicate this 
alternative can reduce the mass of chromiwn entering 
the Columbia River during the interim action period, 
chromiwn contaminated groundwater will remain 
within the unconfined aquifer. Hydraulic 
containment using downgradient extraction followed 
by upgradient injection can be maintained through 
the duration of the interim action period, but final 
remedial action will likely be required to address the 
remaining chromium contaminated groundwater. 

Chromiwn contaminated groundwater contained by 
the sheet piling wall will remain at concentrations 
above the 11 µg/L EPA Ambient Water Quality 
Criteria level. 

Hydraulic control within aquifers by downgradient 
extraction wells and upgradient injection wells is well 
developed technology. Groundwater modeling 
results indicate this containment system will be 
effective in reducing the mass of chromiwn entering 
the river. However, since chromiwn contamination 
within the aquifer is not reduced, additional remedial 
actions would be required in the future. 
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LONG-TERM ALTERATIVE GW-3: 

EFFECTIVENESS 
AND PERMANENCE D/DR Area 

What type and degree of Long-term (through year 2001) management 

long-term management requirements for this alternative include monitoring 

is required? and maintenance of the containment system. 
Groundwater monitoring between the river and the 
sheet piling wall can be used to determine 
unacceptable leakage from the cutoff wall. Additional 
sheet piles can be installed where leakage is 
identified. 

What are the Groundwater monitoring as well as sheet piling wall 

requirements for long- integrity monitoring is required to assess the 

term monitoring? effectiveness of the containment system for as long as 
containment is required. 

CONTAINMENT 

H Area 

Long-term (through year 2001) management 
requirements for this alternative include monitoring 
and maintenance of the containment system. 
Groundwater monitoring near the river will be 
required to identify unacceptable contamination 
leakage past the extraction wells . Additional 
extraction or injection wells, or maintenance (such as 
pump replacement) of existing wells may be 
required. 

Groundwater monitoring is required to assess the 
effectiveness of the containment system. Continuous 
process monitoring of the extraction and injection 
system is required to ensure operation within design 
parameters (flow rate, pressure, etc.). Due to above 
ground transport of contaminated groundwater (from 
extraction wells to injection wells), unanticipated 
equipment failures within the system (such as pumps) 
must be corrected promptly. 
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LONG-TERM 
EFFECTIVENESS 

AND PERMANENCE 

What O&M functions 
must be perfonned? 

What difficulties may be 
associated with long
tenn O&M? 

ALTERATIVE GW-3: CONTAINMENT 

D/DR Area H Area 

Operating requirements are specific to monitoring 
activities. Maintenance of the monitoring system as 
well as the components of the containment system is 
required on an as needed basis . 

No O&M difficulties are anticipated during the period 
of interim action (through year 2001). Final remedial 
actions will be selected and implemented to reflect 
changes to objectives and reasonable and timely 
schedules. 

An extraction and injection system will require 
continuous operation as long as containment is 
required. Although the system will be automated (to 
the extent possible), utility requirements will be high 
to maintain pumping operations . Personnel will be 
required to continuously monitor system operations 
and perfonn any immediately needed maintenance 
requirements to the system (such as pump 
replacements or plumbing repair). 

Monitoring well O&M requirements are the same as 
described for D/DR Area. 

Operational difficulties may result from seasonal as 
well as daily fluctuations in the hydrologic conditions 
of the unconfined aquifer. Groundwater flow near 
the river is strongly influenced by variations in 
Columbia River stage (DOE-RL 1993b). Frequent 
adjustments to the containment system operating 
conditions (such as pumping rates) may be required 
to ensure the effectiveness of the containment 
system. In addition, uncertainties in the hydraulic 
properties and heterogeneities in the hydrology of the 
unconfined aquifer may also result in long-tenn 
O&M difficulties. 
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LONG-TERM ALTERATIVE GW-3: CONTAINMENT 

EFFECTIVENESS 
AND PERMANENCE D/DR Area H Area 

What is the potential Assuming proper installation of the sheet piling wall, Replacement of extraction or injection system 

need for replacement of replacement will not likely be required within the components are anticipated only on a maintenance 

technical components? IRM timeframe (year 2001). However, maintenance specific basis . Similarly, groundwater monitoring 

and repair requirements as described above may be components may require replacement on an as 

necessary on an as needed basis . needed basis. 

Replacement of groundwater monitoring wells and 

equipment may also be required on an as needed 

basis . 

What is the magnitude The magnitude of risk to workers and the The magnitude of risk to workers and the 

of risk should the environment during replacement of the sheet piling environment during replacement of the sheet piling 

remedial action need wall would be equivalent to the risk during initial wall would be equivalent to the risk during initial 

replacement? installation. However, migration of the chromium installation. However, migration of the chromium 

plume during replacement will likely result in plume during replacement will likely result in 

additional contamination release to the river. additional contamination release to the river. 

What is the degree of Sheet piling wall technology is considered well Groundwater control by extraction and injection is 

confidence that controls established. Groundwater monitoring downgradient considered well established technology. 

can adequately handle from the wall can effectively determine potential Groundwater monitoring between the extraction wells 

potential problems? problems associated with the containment system. and the river can effectively determine potential 

Repair of the wall is relatively simple and involves problems associated with the containment system. 

installation of additional sheet piles . Repair may involve maintenance of the well system 

or installation of additional wells . 



LONG-TERM 
EFFECTIVENESS 

AND PERMANENCE 

How is the removed 
contamination disposed 
ofl 

What are potential final 
actions? 

ALTERATIVE GW-3: CONTAINMENT 

D/DR Area H Area 

Sheet piling wall construction will not require contact 
with contaminated soil. Installation of hydraulic 
control wells may generate contaminated material in 
the form of drill cuttings. Sonic drilling may be used 
to reduce the generation of cuttings requiring 
disposal. In the event well installations, monitoring 
activities, or standard operations generate 
contaminated materials, ERDF is the specified 
disposal site. (W-025 or another site will be used if 
ERDF is unavailable.) 

Potential final actions likely include no action, 
institutional controls, and pump and treat for mass 
reduction. The vertical barrier option is not 
considered for final action because chromium is 
persistent in the environment and does not readily 
degrade. The wall will contain the chromium by 
lengthening the travel time for the contaminants to 
reach the river; however, the contamination will 
eventually migrate around the wall. 

Installation of hydraulic control wells for extraction 
and injection may generate contaminated materials in 
the form of drill cuttings. Sonic drilling may be 
used to reduce the generation of cuttings requiring 
disposal. In addition, equipment may become 
contaminated as a result of operation. In the event 
well installation, monitoring activities, or 
maintenance generates contaminated materials, ERDF 
is the specified disposal site. (W-025 or another site 
will be used if ERDF is unavailable.) 

Same as D/DR Area. The hydraulic barrier is not 
considered because of the logistics of maintaining the 
barrier indefinitely due to the persistence of the 
chromium. 

~ 
5!:: 
Ill 
c:,-. 
~ . 
i 
[ 
t5" 
a. 

~ 
t?. 

ii t:, 
0 

Ill o' t:, tT1 
"""., ~~ =~ e. ~ ~ 
fj ~ -~ .C..."11 n 't.),,I 

0 a.., = c::l !. ~ 

= -a -
Ill C:3 = - u, 

~ -Ill ., 
= ~ -:r 
!ti 



LONG-TERM ALTERATIVE GW-3: CONTAINMENT 

EFFECTIVENESS 
AND PERMANENCE D/DR Area H Area 

Is the alternative for the Yes. The vertical barrier is compatible with all the Same as D/DR Area. Hydraulic control may 

IRM compatible with potential final actions. If the barrier is installed as an mobilize and relocate contaminants to the upgra~ent 

potential final actions? IRM, it will not have an adverse effect on a no action segment of the plume. The technology can be 

or institutional controls final action and in fact will readily modified to a pump and treat system for final 

provide additional protection above and beyond that action. 

provided by no action or institutional controls. The 
wall would augment the mass reduction pump and 
treat by reducing the effects of the river on the 
pumping system and the amount of river water 
extraction. The wall would contain the plume 
pending source remediation and treatability test 
results. This would allow optimization of the pump 

and treat system based on maximum information. 

What are the Untreated wastes will be contained at the site. . Untreated wastes will be contained at the site. 

uncertainties associated Containment will not be complete. Containment will not be complete. 

with land disposal of 
residuals and untreated 
wastes? 

Will the alternative This alternative can reduce contamination to the This alternative can reduce contamination to the 

provide long-term Columbia River, but the contaminated groundwater Columbia River, but the contaminated groundwater 

protection of natural will remain. will remain. 

resources? 

Will terrestrial habitats Terrestrial habitats will be restored to natural habitat Terrestrial habitats will be restored to natural habitat 

be degraded or after construction; sensitive habitats will be avoided after construction; sensitive habitats will be avoided 

enhanced? as much as possible. as much as possible. 

• 



I 
LONG-TERM · AL TERATIVE GW-3: CONTAINMENT 

EFFECTIVENESS 
AND PERMANENCE D/DR Area H Area I 

How will the remedial Contamination entering the Columbia River will be Contamination entering the Columbia River will be 

action affect the overall reduced; groundwater will still be contaminated; the reduced; groundwater will still be contaminated; the 

quality of the revegetation and restoration of natural habitat will revegetation and restoration of natural habitat will 
~ ;-
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ecosystem? enhance the environment. enhance the environment. ~ . 
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REDUCTION OF ALTERATIVE GW-3 : CONTAINMENT 

TOXICITY, MOBILITY, 
D/DR Area H Area 

OR VOLUME 

Does the treatment Yes. The majority of chromium contaminated Yes. The majority of chromium contaminated 

process address the groundwater within the unconfined aquifer would be groundwater within the unconfined aquifer would be 

principal threats? contained and therefore prevented from entering the contained and therefore prevented from entering the 

~ 
II) 
C" ;-
Cl\ 

Columbia River. However, due to the persistence of Columbia River. However, due to the persistence ~ . 
chromium in the environment, groundwater of chromium in the environment, groundwater 

contained by the sheet piling wall will remain contained by the extraction and injection system will 

contaminated. remain contaminated until additional remedial 

~ 
~ 

i. 
fi' 

actions are implemented. 

Are there any special The effectiveness of the sheet piling wall requires None foreseeable. 

requirements for the key-in to a confining geologic formation (aquitard) 

treatment process? below the unconfined aquifer. This requires wall 
construction adjacent to the Columbia River to 
approximately 15 m (50 ft) below the surface. 

What portion of the The purpose of this alternative is containment; The purpose of this alternative is containment; 
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contaminated material is therefore contaminated material is neither treated or therefore contaminated material is neither treated or n 
0 

treated/destroyed? destroyed. destroyed. = i. 
To what extent is total The total mass of chromium will not be reduced by The total mass of chromium will not be reduced by = a 
mass of toxic this alternative. However, the majority of chromium this alternative. However, the majority of 

contaminants reduced? contamination within the unconfined aquifer will be chromium contamination within the unconfined 

prevented from migrating into the Columbia River. aquifer will be prevented from migrating into the 

~ 
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Columbia River. 
., 
= a 

To what extent is the Contaminant mobility is significantly reduced by the The extraction and injection system will reduce the 

mobility of toxic sheet piling wall. The hydraulic conductivity of the mobility of chromium contaminated groundwater in 

:.!" 
~ . 

contaminants reduced? wall (to·7 to 10-10 cm/sec) will be several orders of the H Area by isolation within the existing plume 

magnitude less than the hydraulic conductivity of the boundary. 
unconfined aquifer near the river (10-2 cm/sec) . 



REDUCTION OF ALTERATIVE GW-3: CONTAINMENT 

TOXICITY, MOBILITY, 
D/DR Area H Area 

OR VOLUME 

To what extent is the The volume of contamination is not reduced by The volume of contamination is not reduced by 

volume of toxic containment. containment. 

contaminants reduced? 

~ ;-
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To what extent are the Isolation of chromium contaminated groundwater by Isolation of chromium and iron contaminated 

effects of the treatment installation of a sheet piling wall and hydraulic groundwater by operation of an extraction and 

irreversible? control wells is reversible. Isolation is temporary injection well system is reversible. Isolation is 

and dependent on maintaining the integrity of the temporary and dependent on maintaining operation 

. 
i 
[ 
;-
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containment system. of the well system. ~ 

r 

What are the quantities of The majority of chromium contaminated The majority of chromium contaminated 

residuals and groundwater will remain isolated by the containment groundwater will remain isolated by the containment 

characteristics of the system. The chromium concentrations within the system. The chromium concentrations within the 

residual risks? contained plume will be above the EPA Ambient contained plume will be above the EPA Ambient 

Water Quality Criteria of 11 µ.g/L level. Water Quality Criteria of 11 µ.g/L level. 

What risks do treatment of The contaminated groundwater isolated by the The contaminated groundwater isolated by the 

residuals pose? containment system will not be treated during the containment system will not be treated during the 

interim action period. Selection and implementation interim action period. Selection and implementation 

of the final remedial action will address the of the final remedial action will address the 
disposition of isolated chromium contaminated disposition of isolated chromium contaminated 

groundwater. groundwater. 
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Is treatment used to This alternative does not involve treatment and This alternative does not involve treatment and 
~ .., 
= 

reduce inherent hazards therefore does not reduce the inherent hazards posed therefore does not reduce the inherent hazards posed 

posed by principal threats by the contaminated groundwater. by the contaminated groundwater. 
a 
:;r 
~ 

at the site? 

How does the proposed Containment will reduce contamination entering the Containment will reduce contamination entering the 

treatment impact natural Columbia River; the groundwater will still be Columbia River; the groundwater will still be 

resources? contaminated. Habitat along the river will be contaminated. Habitat along the river will be 

impacted. impacted. 



==========;r==============================;i ' 
REDUCTION OF 

TOXICITY, MOBILITY, 
OR VOLUME 

Does the alternative result 
in a gain or loss of quality 
at the site for natural 
resources? 

Will implementation of the 
alternative result in short
term impacts to natural 
resources (e.g., exposure 
of ecological receptors to 
physical or chemical 
impacts, noise, intrusion 
to habitat and special 
breeding areas, temporary 
displacement, or seasonal 
restrictions on habitat 
use)? 

Will the natural resource 
restoration activities 
associated with this 
alternative be easily 
implemented? 

Will long-term 
maintenance and 
monitoring of 
mitigation/restoration 
efforts and activities be 
necessary? 

ALTERATIVE GW-3: CONTAINMENT I· 
t---------~---------tl l 

D/DR Area H Area 

The Columbia River will gain in natural resource 
quality while the groundwater will remain 
contaminated. The riparian habitat will be impacted. 

At the present time, the majority of waste site are 
severely disturbed, therefore, short-term impacts 
would be moderate. The containment alternative 
will cause more impacts than other alternatives 
because physical structures must be located next to 
the river. Mitigation efforts will include scheduling 

activities to reduce intrusion during sensitive life 
stages, controlling fugitive dust, and establishing 
buffer zones if needed. 

Revegetation of excavated area will be necessary. 
Revegetation techniques are well established. 

No. 

The Columbia River will gain in natural resource 
quality while the groundwater will remain 
contaminated. The riparian habitat will be 
impacted. 

At the present time, the majority of waste site are 
severely disturbed, therefore, short-term impacts 
would be moderate. The containment alternative 
will cause more impacts than other alternatives 
because physical structures must be located next to 
the river. Mitigation efforts will include scheduling 

activities to reduce intrusion during sensitive life 
stages, controlling fugitive dust, and establishing 
buffer zones if needed. 

Revegetation of excavated area will be necessary. 
Revegetation techniques are well established. 

No. 



SHORT-TERM ALTERATIVE GW-3 : CONTAINMENT 

EFFECTIVENESS 
D/DR Area H Area 

What are the risks Construction of the sheet piling wall will pose minimal Based on previous well construction activities at the ~ 

to the community risk to the surrounding communities . Due to the Hanford Site, construction of the hydraulic containment g: 
during remedial remote location of the 100 D/DR Area, construction system will pose negligible risk to the surrounding 

actions that must be activities are not expected to impact the surrounding communities. Due to the remote location of the 100 H 

(1) 

Cl'\ 
~ 

addressed? community. Based on the nature of sheet piling wall Area, construction activities are not expected to impact 

construction, no contact with contamination is required. the surrounding community. 
~ 
(1) 

a 
How will the risks No risks to the community result from implementation No risks to the community result from implementation ;-

Q. 

to the community be of this alternative. of this alternative. 

addressed and 
~ 
a 

mitigated? 

What risks remain Potential risks to humans through contact with spring Potential risks to humans through contact with spring 

to the community water with elevated chromium concentrations. water with elevated chromium concentrations. 

that cannot be 
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readily controlled? ~ ~ -~ 
What are the risks The primary risk to workers during implementation of The primary risk to workers during implementation of 

to the workers that this alternative is physical hazards relating to this alternative is physical hazards relating to 

n ~ 
0 -0"-,, = a CJ 

• 
need to be construction activities . These physical hazards are construction activities. These physical hazards are 

addressed? associated with pile driving, handling and placement of associated with drilling, pipeline installation, and 

the sheet pilings, and vehicle operations . Contaminated vehicle operations . Contaminated materials in the 

materials in the form of drill cuttings from the form of drill cuttings from the installation of hydraulic 

= -3 -i= (1) c:::) = .... co 
~ .... 
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installation of hydraulic control wells may also present control wells may also present risk to workers, 

risk to workers , however, these can be reduced by the however, these can be reduced by the use of sonic 

use of sonic drilling. The containment alternative has drilling. Risks to workers from groundwater 
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~ 

the greatest potential for impacts to the worker. Use of extraction and handling are expected to be low. 

heavy equipment and the physical size of the project 
result in a medium to high worker risk from physical 
hazards . Exposure risks are expected to be low. 



SHORT-TERM ALTERATIVE GW-3: CONTAINMENT 

EFFECTIVENESS 
D/DR Area H Area 

What risks remain None. None. 

to the workers that i 
cannot be readily 

tD 
c:,., 

controlled? 
~ . 

How will the risks Health risks to workers resulting from physical hazards Health risks to workers resulting from physical hazards i 
to the workers be associated with construction activities will be minimized associated with construction activities will be !. 
addressed and by development of health and safety protocols defining minimized by development of health and safety ii' a. 

mitigated? training requirements, safe work practices, and personal protocols defining training requirements, safe work 

protection equipment. practices, and personal protection equipment. 
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SHORT-TERM 
EFFECTIVENESS 

What environmental 
impacts are expected 
with the 
construction and 
implementation of 
the alternative? 

ALTERATIVE GW-3: CONTAINMENT 

D/DR Area 

The primary environmental impacts from this 
alternative will result from implementation of the sheet 
piling wall. The wall is to be construction near the 
shore of the Columbia River. In the area surrounding 
the location of the wall, physical disturbances to habitat 
will result from equipment and vehicle operations. 
These disturbances may temporarily impact the 
endangered species such as the bald eagle. However, 
construction during seasons when such species are not 
within the area will minimize potential impacts . The 
barrier would be located in a potential wetland/ 
floodplain zone. Assessment of impacts would be 
required prior to implementation. Other threatened and 
endangered species would need to be identified in the 
proposed zone of construction. Impacts would be 
minimized by proper place of design. This alternative 
presents the greatest potential for environmental impacts 
through implementation. The barrier wall alternative 
has the greatest potential for adverse impacts to both 
ecological and cultural resources. The implementation 
of the wall would require several pieces of heavy 
equipment to construct roads and access ways for the 
actual wall installation. Impacts to habitat would occur 
along the entire proposed length of the wall. Cultural 
resources have been identified in the area near the 
proposed wall locations; additional assessment of these 
resources would be necessary to optimize the wall 
placement. 

H Area 

Environmental impacts resulting from installation of 
the extraction and injection well containment system 
are considered minimal. The primary impacts are 
associated with well drilling activities and construction 
of the piping system connecting the wells. These 
activities will likely result in physical disturbances to 
habitat potentially inhabited by bald eagles. However, 
construction during seasons when such species are not 
within the area will minimize potential impacts. 
Environmental and cultural surveys required prior to 
implementation. 
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SHORT-TERM ALTERATIVE GW-3: CONTAINMENT 

EFFECTIVENESS 
D/DR Area H Area 

What are the Environmental impacts resulting from sheet piling wall Environmental impacts resulting from construction of 

impacts that cannot construction cannot be avoided. Physical disturbances the extraction/injection containment system cannot be 

be avoided should to habitat will be temporary and limited to avoided. Physical disturbances to habitat will be 

the alternative be approximately 1,300 m of the Columbia River temporary and limited to surface area above the 

implemented? shoreline. No significant impacts such as disturbances location of the contaminant plume. No significant 

to threatened or endangered species are anticipated. impacts such as disturbances to threatened or 
endangered species are anticipated. 

How long until The RAO for protection of the Columbia River will be The RAO for protection of the Columbia River will be 

remedial action achieved upon installation of the sheet piling wall and achieved upon operation of the extraction and injection 

objectives are operation of the hydraulic control wells for the zone well system. As noted previously, procurement and 

achieved? behind the wall. However, contamination between the installation of this containment system is estimated to 

wall and the river will continue to migrate to the river. require approximately one year. However, the time 

As noted previously, procurement and installation of required to obtain the required permits and agreements 

this containment system is estimated to require to begin construction is unknown. 

approximately one year. However, the time required to 

obtain the required permits and agreements to begin 
construction is unknown. 



IMPLEMENTABILITY ALTERATIVE GW-3: CONTAINMENT 

What difficulties and 
uncertainties are 
associated with 
construction? 

What is the likelihood 
that technical problems 
will lead to schedule 
delays? 

What likely future 
remedial actions are 
anticipated? 

D/DR Area H Area 

The primary uncertainty associated with construction 
of the sheet piling wall is the presence of subsurface 
obstructions in the formation below the specified 
location of the wall. Sheet piling wall construction 
is not considered implementable in the Hanford 
formation. However, near the Columbia River shore 
the geologic formation is primarily the Ringold 
Formation. Since the distinction between the 
formations is not exact, the presence of subsurface 
obstructions could damage or deflect the piles and 
render the wall ineffective. 

Sheet piling wall construction is well established. 
However, if the presence of subsurface obstructions 
have not been determined prior to installation, such 
problems will lead to schedule delays. Subsurface 
obstructions could be removed by excavation on a 
limited basis, otherwise the wall may not be 
implementable. 

Since the containment system proposed in this 
alternative does not reduce chromium concentrations 
in the groundwater, future remedial actions after the 
interim action period may ben required. These 
include pump and treat, innovative in situ 
techniques, or other alternatives. Current activities 
are being directed at defining true risks to the river 
and the future need for remedial actions . 

No uncertainties or difficulties are associated with 
construction of the extraction and injection wells 
specified for containment of chromium contaminated 
groundwater in the H Area. 

Based on previously installed wells throughout the 
Hanford Site, no difficulties are anticipated. Any 
difficulties that may arise would not be considered 
significant to affect schedule . 

Since the containment system proposed in this 
alternative does not reduce chromium concentrations 
in the groundwater, future remedial actions after the 
interim action period may ben required. These 
include pump and treat, innovative in situ techniques , 
or other alternatives. Current activities are being 
directed at defining true risks to the river and the 
future need for remedial actions . 
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IMPLEMENT ABILITY ALTERATIVE GW-3: CONTAINMENT 

D/DR Area H Area 

What risks of exposure Failure of the sheet piling wall containment system Failure of the extraction/injection containment system 

exist should monitoring would result in the continued chromium release into would result in the continued chromium release into 

be insufficient to detect the river at concentrations above EPA Ambient the river at concentrations above EPA Ambient Water 

failure? Water Quality Criteria levels (11 µg/L). The Quality Criteria levels (11 µg/L). The resulting 

resulting exposure risk would be no greater than the exposure risk would be no greater than the current 

current conditions at the 100 D/DR Area: conditions at the 100 H Area. 

What activities are Construction of the sheet piling wall immediately None. 

proposed which require adjacent to the shore of the Columbia River may 

coordination with other require permission from other agencies such as the 

agencies? U.S. Army Corps of Engineers, the Washington 

State Department of Fish and Wildlife, and $e 

National Park Service. 

Are adequate treatment, Containment does not involve contact with Containment does not involve contact with 

storage capacity, and contamination, and therefore does not require contamination, and therefore does not require 

disposal services treatment, storage, and disposal services . treatment, storage, and disposal services . 

available? 

Are the necessary Yes, sheet piling cutoff wall construction equipment Yes , well and piping construction equipment and 

equipment and specialists and specialists are commercially available. All other specialists are considered available within the 

available? equipment and specialists required are available with Hanford Site contractors . 

the Hanford Site contractors . 

What additional Sheet piling wall construction specialists and None required. 

equipment and specialists equipment are required to ensure proper installation. 

are required and what 
are their potential 
impacts to 
implementation? 

------ -



IMPLEMENT ABILITY ALTERATIVE GW-3: CONTAINMENT 

D/DR Area H Area 

Are technologies under Yes, however treatability studies would be needed to Yes, hydraulic control using extraction and injection 

consideration generally demonstrate the implementability of sheet piling well systems is well developed technology. 

available and sufficiently walls in the Hanford Site conditions. This activity 
~ ;-
Cl\ 

demonstrated? may be conducted at N Springs. ~ . 
Will technologies require No, however treatability studies to demonstrate the No, hydraulic control using extraction and injection t:, 

ftl 

further development implementability of sheet piling walls would be well systems is well developed technology. 

before they can be needed. 
!. 
ii" 
C. 

applied at the site? ~ 
Will more than one Yes, sheet piling wall construction technology is Yes, groundwater well construction technology is 

vendor be available to commercially available. commercially available. 

provide a competitive 
bid? 
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COST 
COMPONENT 

Capital? 

Operation and 
Maintenance? 

Present Worth? 

DOE/RL-94-67 
Draft B 

Table 6-3. Detailed Analysis for GW-3, Contianment Alternative 
(Page 23 of 23) 

ALTERATIVE GW-3: CONTAINMENT 

D/DR Area H Area 

$11,000,000 $3,900,000 

$16,600,000 $8,000,000 

$23,000,000 $9,900,000 
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.... -· ALTERATIVE GW-5: REMOVAL/TREATMENT/DISPOSAL OVERALL PROTECTION 

OF HUMAN HEALTH 
AND THE 

ENVIRONMENT 

Will risk be at acceptable 
levels? 

D/DR Area 

Human Health: . Yes, the QRA indicates current risk to 
human health is low (ICR 10-6 to lo-4, 
HQ> 1). 

Environment: Uncertain. The potential ecological risk 
identified in the LFI QRA from chromium 
concentrations in near river wells exceeding the EPA 
Ambient Water Quality Criteria of 11 µg/L can be 
significantly reduced by this alternative. Treatability 
study results indicate ion exchange can remove 
hexavalent chromium from 100-HR-3 groundwater to 
concentrations less than 20 µg/L (based on 19 µg/L 
detection limit) (WHC 1993b). Groundwater modeling 
results indicate that a five well extraction system 
positioned along the Columbia River (plus an additional 
well located above the peak chromium concentration in 
the plume) can remove a significant amount of 
chromium entering the river relative to the baseline (no 
action). The risk associated with the Columbia River 
substrate has not been quantified. 

H Area 

Human Health: Yes, the LFI QRA 
indicates current risk to human health is 
low (ICR lQ-6 to lo-4, HQ > 1). 

Environment: The potential ecological 
risk identified in the LFI QRA from 
chromium concentrations in near river 
wells exceeding the EPA Ambient Water 
Quality Criteria of 11 µg/L can be 
significantly reduced by this alternative. 
Treatability study results indicate ion 
exchange can remove hexavalent 
chromium from 100-HR-3 groundwater 
to concentrations less than 20 µg/L 
(based on 19 µg/L detection limit) (WHC 
1993b). Groundwater modeling results 
indicate that a seven well extraction 
system positioned along the Columbia 
River can remove a significant amount of 
chromium entering the river relative to 
the baseline (no action). The risk 
associated with the Columbia River 
substrate has not been quantified. 
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OVERALL PROTECTION 
OF HUMAN HEALTH 

AND THE 
ENVIRONMENT 

Timeframe to achieve 
acceptable levels? 

Will additional threats be 
minimized? 

Will the alternative pose any 
unacceptable short-term or 
cross-media impacts? 

What restoration actions 
may be necessary? 

ALTERATIVE GW-5: REMOVALffREATMENT/DISPOSAL 

D/DR Area 

Based on modeling results, operation of the pump-and

treat system in the 100 D/DR Area will be required for 

the duration of the IRM period (year 2001) in order to 

maintain protection of the Columbia River. However, 

reductions in the volume of chromium contaminated 

groundwater entering the river will be achieved once 

pump~and-treat is initiated. It should be noted that the 

intent of the pump-and-treat system is protection of the 

river and not aquifer restoration. 

Additional threats posed by chromium removed from 

groundwater will be insignificant. All treatment 

residuals will be disposed at ERDF, W-025, or another 

site. Chromium contaminated ion exchange resin may 

be classified as mixed waste in the event radionuclides 

such as technetium-99 are also removed. Other 
treatment residues (such as settling tank sludge) will be 

solidified in cement prior to disposal at ERDF. 

No. Chromium concentrations in groundwater and in 

the Columbia River are expected to decline. 

If the system is removed following remediation, 

regrading and revegetation may be necessary to restore 

the area. 

H Area 

Based on modeling results, operation of 
the pump-and-treat system in the 100 
D/DR Area will be required for the 
duration of the IRM period (year 2001) 
in order to maintain protection of the 
Columbia River. However, reductions in 
the volume of chromium contaminated 
groundwater entering the river will be 
achieved once pump-and-treat is initiated. 
It should be noted that the intent of the 
pump-and-treat system is protection of 
the river and not aquifer restoration. 

Additional threats posed by chromium 
removed from groundwater will be 
insignificant. All treatment residuals will 
be disposed at ERDF, W-025, or another 
site. Chromium contaminated ion 
exchange resin may be classified as 
mixed waste in the event radionuclides 
such as technetium-99 are also removed. 
Other treatment residues (such as settling 
tank sludge) will be solidified in cement 
prior to disposal at ERDF. 

No. Chromium concentrations in 
groundwater and in the Columbia River 
are expected to decline. 

If the system is removed following 
remediation, regrading and revegetation 
may be necessary to restore the area. 
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Will residual contamination Not applicable for interim action. It is anticipated that Not applicable for interim action. It is 

(following remediation) be a final remedial action will address residual anticipated that final remedial action will 
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COMPLIANCE ALTERATIVE GW-5: REMOVALffREATMENT/DISPOSAL 

WITH ARAR D/DR Area H Area 

What are the See Table 6-5 . See Table 6-5 . 

potential ARAR? 

Will the potential See Table 6-5 . See Table 6-5. 

ARAR be met? 
How? 



COMPLIANCE 
WITH ARAR 

Basis for waivers? 

ALTERA TIVE GW-5 : REMOVAL/TREATMENT/DISPOSAL 

D/DR Area H Area 

This alternative may represent an interim action preceding a final 
action. The final remedial action will be selected to ensure 
compliance with ARAR. 

Reduction of chromium concentrations in groundwater entering the 
Columbia River to below the EPA Ambient Water Quality Criteria 
level of 11 µg/L may be technically impractical. Although the 
purpose of the interim action -is not aquifer restoration, contaminant 
concentrations in the aquifer represent the contaminant concentrations 
potentially entering the river. Due to the persistence of chromium in 
the environment, removal would be the only means of ensuring 
permanent compliance with ARAR. However, conventional 
pump-and-treat may never result in sufficient chromium reduction in 
the aquifer to comply with ARAR. 

Ion exchange treatability study results for chromium removal from 
100-HR-3 OU groundwater do not indicate the 11 µg/L EPA Ambient 
Water Quality Criteria level can be achieved. Although chromium 
concentrations could be significantly reduced (below 20 µg/L 
hexavalent chromium and 29 µg/L total chromium), concentration 
reductions were not sufficient to meet the 11 µg/L ARAR. 

This alternative may represent an 
interim action preceding a final 
action. The final remedial action 
will be selected to ensure 
compliance with ARAR. 

Reduction of chromium 
concentrations in groundwater 
entering the Columbia River to 
below the EPA Ambient Water 
Quality Criteria level of 11 µg/L 
may be technically impractical. 
Although the purpose of the 
interim action is not aquifer 
restoration, contaminant 
concentrations in the aquifer 
represent the contaminant 
concentrations potentially entering 
the river. Due to the persistence 
of chromium in the environment, 
removal would be the only means 
of ensuring permanent compliance 
with ARAR. However, 
conventional pump-and-treat may 
never result in sufficient 
chromium reduction in the aquifer 
to comply with ARAR. 

Ion exchange treatability study 
results for chromium removal 
from 100-HR-3 OU groundwater 
do not indicate the 11 µg/L EPA 
Ambient Water Quality Criteria 
level can be achieved. Although 
chromium concentrations could be 

;3 
'a' 
ti" 

i!!:~ -~ t:, 

i i --· :;;· ti" 
~ a. 

~~ 
- co :,' --~ 0 -· = fl) 

tr:! c' t:, i-1 ., 
g. c:') 0 om 
~ ~ ~~ IJQ I 

~ Y' 
=;I :-, 01 f 
~ ~ 

-= -.,l 

3 ~ 
~ co = --~ • =;I "° -;:a~ <..n 

co - LN 
l1Q 3 t'->,l ~ ~ 
!.II = a-... - t:::) 0 ~ 

.... co • ~= -.!!, a. ~ 

t:, -r= ;;· 
"0 
0 
fl) 

~ 



COMPLIANCE ALTERA TIVE GW-5: REMOVALffREATMENT/DISPOSAL 

WITH ARAR D/DR Area H Area 

What are the See Table 6-5. See Table 6-5. 

potential TBC? 

Is the alternative See Table 6-5 . See Table 6-5 . 

consistent with TBC 
listed above 

Will implementation See Table 6-6. See Table 6-6. 

of the alternative 
comply with ARARs 
regarding protection, 
restoration, and 
enhancement of 
natural resources 
and protection of 
cultural resources? 

What difficulties See Table 6-6. See Table 6-6. 

may be associated 
with compliance to 
ARARs? 



LONG-TERM 
EFFECTIVENESS 

AND PERMANENCE 

What is the magnitude 
of the remaining risk? 

What remaining 
sources of risk can be 
identified? 

ALTERATIVE GW-5: REMOVALffREATMENT/DISPOSAL 

D/DR Area 

Reduction of chromium concentrations in groundwater extracted 
from the unconfined aquifer can be reduced to the levels 
achieved in the ion exchange treatability study (detection limits, 
29 µg/L total chromium and 19 µg/L chromium (VI)). 
Groundwater modeling results indicate the mass of chromium 
entering the river can be reduced relative to no action. 
However, groundwater modeling results also indicate 
pump-and-treat would be required beyond the period of interim 
action (year 2001) in order to maintain protection of the river. 

Untreated groundwater remaining in the aquifer, treated 
groundwater discharged to the Columbia River, and untreated 
groundwater leakage past the extraction system are the 
remaining sources of risk. However, final remedial action will 
address risk due to chromium contaminated groundwater 
remaining in the aquifer after the IRM period. 

H Area 

Reduction of chromium 
concentrations in groundwater 
extracted from the unconfined 
aquifer can be reduced to the levels 
achieved in the ion exchange 
treatability study (detection limits, 
29 µg/L total chromium and 19 
µg/L chromium (VI)). 
Groundwater modeling results 
indicate the mass of chromium 
entering the river can be reduced 
relative to no action. However, 
groundwater modeling results also 
indicate pump-and-treat would be 
required beyond the period of 
interim action (year 2001) in order 
to maintain protection of the river. 

Untreated groundwater remaining in 
the aquifer, treated groundwater 
discharged to the Columbia River, 
and untreated groundwater leakage 
past the extraction system are the 
remaining sources of risk. 
However, final remedial action will 
address risk due to chromium 
contaminated groundwater 
remaining in the aquifer after the 
IRM period. 

-
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LONG-TERM 
EFFECTIVENESS 

AND PERMANENCE 

What is the likelihood 
that the technologies 
will meet performance 
needs? 

What type and degree 
of long-term 
management is 
required? 

What are the 
requirements for long
term monitoring? 

What O&M functions 
must be performed? 

What difficulties may 
be associated with 
long-term O&M? 

ALTERA TIVE GW-5: REMOVAL/TREATMENT/DISPOSAL 

D/DR Area 

Groundwater modeling results indicate the extraction system 

can reduce the mass of chromium entering the Columbia River 

relative to the baseline. Treatability study results indicate 

chromium removal from 100-HR-3 groundwater by ion 

exchange can reduce concentrations to below 20 µg/L. 

Long-term management is required for the duration of the 

interim action period to maintain operation of the ion exchange 

treatment system and extraction wells, satisfy annual reporting 

requirements, and perform periodic groundwater monitoring. 

The current monitoring program will continue through the IRM 

period. Evaluations will be made periodically to ensure the 

effectiveness of the treatment is maintained. 

O&M will be required for the duration of the IRM period (year 

2001) to ensure continuous treatment and monitoring. 

None foreseeable within the timeframe of the IRM period (year 

2001). 

H Area 

Groundwater modeling results 
indicate the extraction system can 

reduce the mass of chromium 
entering the Columbia River 
relative to the baseline. Treatability 

study results indicate chromium 
removal from 100-HR-3 
groundwater by ion exchange can 

reduce concentrations to below 20 
µg/L. 

Long-term management is required 

for the duration of the interim 
action period to maintain operation 

of the ion exchange treatment 
system and extraction wells, satisfy 
annual reporting requirements, and 

perform periodic groundwater 
monitoring. 

The current monitoring program 
will continue through the IRM 
period. Evaluations will be made 

periodically (i.e. every 5 years) to 

ensure the effectiveness of the 
treatment is maintained . 

O&M will be required for the 
duration of the IRM period (year 
2001) to ensure continuous 
treatment and monitoring. 

None foreseeable within the 
timeframe of the IRM period (year 
2001) . 



LONG-TERM 
EFFECTIVENESS 

AND PERMANENCE 

What is the potential 
need for replacement 
of technical 
components? 

What is the magnitude 
of risk should the 
remedial action need 
replacement? 

What is the degree of 
confidence that 
controls can adequately 
handle potential 
problems? 

ALTERATIVE GW-5: REMOVALITREATMENT/DISPOSAL 

D/DR Area 

Periodic replacement of ion exchange system components (e.g., 
pumps, columns), materials (resins), extraction wells, 
monitoring wells, and associated ancillary equipment will be 
required. 

The time required to replace treatment system components is 
not considered significant. However, in the event treatment is 
unavailable for extended periods, untreated contaminated 
groundwater could enter the river. 

Potential problems associated with operation of the treatment 
system include equipment failure, leaks or spills, and 
contaminant removal inefficiency. Control measures can 
adequately protect human health and the environment should 
such problems arise. The treatment system will be equipped 
with automated shut-down controls, secondary containment 
measures, and effluent concentration monitoring. 

H Area 

Periodic replacement of ion 
exchange system components (e.g., 
pumps, columns), materials 
(resins), extraction wells, 
monitoring wells, and associated 
ancillary equipment will be 
required. 

The time required to replace 
treatment system components is not 
considered significant. However, 
in the event treatment is unavailable 
for extended periods, untreated 
contaminated groundwater could 
enter the river. 

Potential problems associated with 
operation of the treatment system 
include equipment failure, leaks or 
spills, and contaminant removal 
inefficiency. Control measures can 
adequately protect human health 
and the environment should such 
problems arise. The treatment 
system will be equipped with 
automated shut-down controls, 
secondary containment measures, 
and effluent concentration 
monitoring. 



LONG-TERM 
EFFECTIVENESS 

AND PERMANENCE 

How is the removed 
contamination disposed 
of? 

What are potential final 
actions? 

ALTERATIVE GW-5: REMOVAL/TREATMENT/DISPOSAL 

D/DR Area 

Spent ion exchange resins will be disposed following 

dewatering. Other treatment residuals (such as settling tank 

sludge and solids from the regeneration loop) will be solidified 

in cement. All treatment residuals will be disposed on the 

Hanford Site at ERDF, W-025, or another site. 

Potential final actions likely include no action, institutional 

controls, and pump and treat for mass reduction. The vertical 

barrier option is not considered for final action because 
chromium is persistent in the environment and does not readily 

degrade. The wall will contain the chromium by lengthening 
the travel time for the contaminants to reach the river; 
however, the contamination will eventually migrate around the 

wall. 

H Area 

Spent ion exchange resins will be 
disposed following dewatering. 
Other treatment residuals (such as 
settling tank sludge and solids from 
the regeneration loop) will be 
solidified in cement. All treatment 
residuals will be disposed on the 
Hanford Site at ERDF, W-025, or 
another site. 

Potential final actions likely include 
no action, institutional controls, and 
pump and treat for mass reduction. 
The vertical barrier option is not 
considered for-final action because 
chromium is persistent in the 
environment and does not readily 
degrade. The wall will contain the 
chromium by lengthening the travel 
time for the contaminants to reach 
the river; however, the 
contamination will eventually 
migrate around the wall. 



LONG-TERM 
EFFECTIVENESS 

AND PERMANENCE 

Is the alternative for 
the IRM compatible 
with potential final 
actions? 

What are the 
uncertainties associated 
with land disposal of 
residuals and untreated 
wastes? 

ALTERATIVE GW-5: REMOVALffREATMENT/DISPOSAL 

D/DR Area 

The pump and treat alternative for containment and some mass 
reduction as proposed in this FFS is consistent with future 
pump and treat scenarios for mass removal. The IRM system 
can be expanded to meet changing objective, such as significant 
mass removal. This situation is similar to that proposed in the 
100-HR-3 treatability test where a small pump and treat system 
will be installed to obtain information about the technology 
specific to the chromium plume in the operable unit. The 
proposed plan is to expand the treatability system to an IRM if 
results are favorable for the technology. The IRM system is 
not very compatible with the no action and institutional controls 
alternatives because of the expense involved in installing and 
operating the pumping system during the IRM period only to 
shut it down for final action. 

Residuals and wastes will be disposed at existing or new waste 
management facilities at Hanford. It is anticipated that the 
facilities will remain in operation during the IRM period. 

H Area 

The pump and treat alternative for 
containment and some mass 
reduction as proposed in this FFS is 
consistent with future pump and 
treat scenarios for mass removal. 
The IRM system can be expanded 
to meet changing objective, such as 
significant mass removal. This 
situation is similar to that proposed 
in the 100-HR-3 treatability test 
where a small pump and treat 
system will be installed to obtain 
information about the technology 
specific to the chromium plume in 
the operable unit. The proposed 
plan is to expand the treatability 
system to an IRM if results are 
favorable for the technology. The 
IRM system is not very compatible 
with the no action and institutional 
controls alternatives because of the 
expense involved in installing and 
operating the pumping system 
during the IRM period only to shut 
it down for final action. 

Residuals and wastes will be 
disposed at existing or new waste 
management facilities at Hanford. 
It is anticipated that the facilities 
will remain in operation during 
the IRM period. 
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LONG-TERM ALTERATIVE GW-5: REMOV ALrfREATMENT/DISPOSAL 

EFFECTIVENESS 
AND PERMANENCE D/DR Area H Area 

Will the alternative Yes. Contribution of chromium to the Columbia River will be Yes. Contribution of chromium to 

provide long-term reduced during the IRM period. Some chromium will be the Columbia River will be reduced 

protection of natural removed from groundwater, but it is anticipated that final action during the IRM period. Some 

resources? will be required to address residual contamination. chromium will be removed from 
groundwater, but it is anticipated · 
that final action will be required to 
address residual contamination. 

Will terrestrial habitats There will be some degradation of terrestrial habitat during the There will be some degradation of 

be degraded or construction phase. Habitat impacts during system operation terrestrial habitat during the 

enhanced? will be minor. construction phase. Habitat impacts 
during system operation will be 
minor. 

This alternative will improve the quality of the ecosystem by This alternative will improve the 

How will the remedial reducing the flux of chromium to the Columbia River. quality of the ecosystem by 

action affect the overall reducing the flux of chromium to 

quality of the the Columbia River. 

ecosystem? 



REDUCTION OF 
TOXICITY, 

MOBILITY, OR 
VOLUME 

Does the treatment 
process address the 
principal threats? 

Are there any special 
requirements for the 
treatment process? 

What portion of the 
contaminated 
material is 
treated/destroyed? 

ALTERATIVE GW-5 : REMOVALITREATMENT/DISPOSAL 

DIOR Area 

Yes. The ion exchange resin selected would be highly effective 
for hexavalent chromium removal as well as other ionic 
contaminants (such as nitrates). 

Pretreatment such as filtration prior to the ion exchange column 
will be required. Process monitoring and control capabilities will 
also be required . Resins that are disposable at ERDF or other 
acceptable sites will be required, i.e., only non-hazardous resins 
would be used . 

The volume of chromium contaminated groundwater treated 
would be equivalent to the design flow rate (60 gal/min) 
multiplied by the operation time. Assuming continuous operation 
throughout the duration of the IRM period (1996 to 2001), the 
volume of contaminated groundwater treated would be 
approximately 1.6 x 108 gallons. 

H Area 

Yes . The ion exchange resin 
selected would be highly effective 
for hexavalent chromium removal 
as well as other ionic contaminants 
(such as nitrates) . 

Pretreatment such as filtration 
prior to the ion exchange column 
will be required. Process 
monitoring and control capabilities 
will also be required. Resins that 
are disposable at ERDF or other 
acceptable sites will be required, 
i.e., only non-hazardous resins 
would be used . 

The volume of chromium and iron 
contaminated groundwater treated 
would be equivalent to the design 
flow rate (350 gal/min) multiplied 
by the operation time. Assuming 
continuous operation for the 
duration of the interim action 
period (1996 to 2001), the volume 
of contaminated groundwater 
treated would be approximately 
1.0 x 109 gallons. 
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REDUCTION OF 
TOXICITY, 

MOBILITY, OR 
VOLUME 

To what extent is 
total mass of toxic 
contaminants 
reduced? 

To what extent is the 
mobility of toxic 
contaminants 
reduced? 

To what extent is the 
volume of toxic 
contaminants 
reduced? 

ALTERATIVE GW-5: REMOVALffREATMENT/DISPOSAL 

D/DR Area 

Groundwater modeling indicates the effects of the extraction 

system can reduce the mass of chromium entering the Columbia 

River relative to the baseline (no action) . The concentration of 

chromium in the treatment effluent will be reduced to the levels 

indicated by the treatability studies for ion exchange. Results of 

the treatability study indicate chromium concentrations can be 

reduced to at least 29 µg/L total chromium and 19 µg/L 

hexavalent chromium, based on the limitations of the analytical 

methods used (WHC 1993b). 

The mobility of chromium removed by ion exchange will be 

minimized by subsequent disposal at an approved facility. Other 

treatment residuals (such as settling tank sludge and resin 

regeneration sludge) will be solidified in cement prior to disposal. 

The mobility of residual chromium remaining in treated 

groundwater or that has leaked past the extraction system will not 

be reduced. Only nontoxic resins will be used. 

The reduction in volume of contaminated groundwater is equal to 

the volume treated, approximately 1.6 x 108 gallons by the end of 

the interim action period (year 2001). 

H Area 

Same as the D/DR Area. 

The mobility of chromium 
removed by ion exchange will be 
minimized by subsequent disposal 
at an approved facility. Other 
treatment residuals (such as 
settling tank sludge and resin 
regeneration sludge) will be 
solidified in cement prior to 
disposal. The mobility of residual 
chromium remaining in treated
groundwater or that has leaked 
past the extraction system will not 
be reduced. Only nontoxic resins 
will be used . 

The reduction in volume of 
contaminated groundwater is equal 
to the volume treated, 
approximately 1.0 x 109 gallons by 
the end of the interim action 
period (year 2001). 



REDUCTION OF ALTERATIVE GW-5: REMOVAL/TREATMENT/DISPOSAL ~ 
TOXICITY, 

er - ' ('D 

MOBILITY, OR D/DR Area H Area 
VOLUME 

-~~ .... 

To what extent are Removal of chromium from the unconfined aquifer is considered Removal ofchromium from the 

the effects of the irreversible. unconfined aquifer is considered 

treatment irreversible. 

irreversible? 
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What are the The volume of chromium treatment residuals will be dependent Preliminary estimates indicate that 

quantities of on the treatment system design and chromium concentration in 900 cu ft of spent r~sin and 29,060 

residuals and the feed stream. Spent ion exchange resin is the primary source cu ft of resin regeneration solids 

characteristics of the of treatment residuals. Preliminary estimates indicate that 180 cu will be produced each year of 

residual risks? ft of spent resin and 5,733 cu ft of resin regeneration solids will operation. 

be produced each year of operation. 

What risks do Spent resins will be dewatered and then disposed without Spent resins will be dewatered and 

treatment of residuals additional treatment. Cement solidification of other treatment then disposed without additional 

pose? residuals (such as settling tank sludge and resin regeneration treatment. Cement solidification 

solids) is well developed and used for both radioactive and of other treatment residuals (such 

hazardous wastes . Thus, risk from residuals treatment is as settling tank sludge and resin 

considered minimal. regeneration solids) is well 
developed and used for both 
radioactive and hazardous wastes. 
Thus, risk from residuals treatment 
is considered minimal. 
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REDUCTION OF 
TOXICITY, 

MOBILITY, OR 
VOLUME 

Is treatment used to 
reduce inherent 
hazards posed by 
principal threats at 
the site? 

How does the 
proposed treatment 
impact natural 
resources? 

Does the alternative 
result in a gain or 
loss of quality at the 
site for natural 
resources? 

ALTERATIVE GW-5: REMOVALffREATMENT/DISPOSAL 

D/DR Area 

Yes. Chromium removal from 100 D/DR Area OU groundwater 

will reduce the threat posed by chromium migration into the 

river. Treatment residuals will pose minimal risk to human 

health and the environment based on disposal at an approved 

facility. Although ion exchange resins may be disposed without 

additional treatment, cement solidification will be available for 

other treatment residuals such as settling tank sludge and resin 

regeneration solids. Only non-hazardous resins would be used. 

Reduction of chromium flux to the Columbia River and removal 

of chromium from groundwater will reduce potential exposure of 

aquatic organisms to chromium. 

The reduction of chromium concentrations in groundwater 

entering the Columbia River will have a positive impact on 

natural resources. There will be some negative impacts during 

construction of the removal/treatment system. 

H Area 

Yes . Chromium removal from 
100 D/DR Area OU groundwater 
will reduce the threat posed by 
chromium migration into the river. 
Treatment residuals will pose 
minimal risk to human health and 
the environment based on disposal · 
at an approved facility . Although 
ion exchange resins may be 
disposed without additional 
treatment, cement solidification 
will be available for other 
treatment residuals such as settling 
tank sludge and resin regeneration 
solids. Only non-hazardous resins 
would be used. 

Reduction of chromium flux to the 
Columbia River and removal of 
chromium from groundwater will 
reduce potential exposure of 
aquatic organisms to chromium. 

The reduction of chromium 
concentrations in groundwater 
entering the Columbia River will 
have a positive impact on natural 
resources. There will be some 
negative impacts during 
construction of the 
removal/treatment system. 



REDUCTION OF 
TOXICITY, 

MOBILITY, OR 
VOLUME 

ALTERATIVE GW-5: REMOVALffREATMENT/DISPOSAL 

Will implementation 
of the alternative 
result in short-term 
impacts to natural 
resources (e.g., 
exposure of 
ecological receptors 
to physical or 
chemical impacts, 
noise, intrusion to 
habitat and special 
breeding areas, 
temporary 
displacement, or 
seasonal restrictions 
on habitat use)? 

Will the natural 
resource restoration 
activities associated 
with this alternative 
be easily 
implemented? 

D/DR Area 

Some minor impacts due to noise and intrusion on terrestrial 

habitats are possible during construction. Only minor impacts 

are likely during system operation. 

Yes. Some revegetation and grading may be required. 

Will long-term No. 
maintenance and 
monitoring of 
mitigation/restoration 
efforts and activities 
be necessary? 

~ - - - - - - - - - - --- - - -- -- -

H Area 

Some minor impacts due to noise 
and intrusion on terrestrial habitats 
are possible during construction. 
Only minor impacts are likely 
during system operation. 

Yes. Some revegetation and 
grading may be required. 

No. 
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SHORT-TERM ALTERNATIVE GW-5: REMOV ALffREA TMENT/DISPOSAL 

EFFECTIVENESS D/DR Area H Area 

What are the risks None. None. 

to the community 
during remedial 
actions that must be 
addressed? 

How will the risks Not applicable. Not applicable. 

to the community 
be addressed and 
mitigated? 

What risks remain None. None. 

to the community 
that cannot be 
readily controlled? 

What are the risks Risks to worker are associated with handling treatment Risks to worker are associated with 

to the workers that residuals, operation and maintenance of treatment process handling treatment residuals, 

need to be equipment, and groundwater monitoring. The risks to workers operation and maintenance of 

addressed? associated with groundwater extraction and handling is treatment process equipment, and 

considered to be low. groundwater monitoring. The risks 
to workers associated with 
groundwater extraction and handling 

is considered to be low. 

What risks remain None. None. 

to the workers that 
cannot be readily 
controlled? 



SHORT-TERM ALTERNATIVE GW-5: REMOV ALffREA TMENT/DISPOSAL ~ = 
EFFECTIVENESS 

D/DR Area H Area 

How will the risks Standard operating procedures will be established to define Standard operating procedures will 

to the workers be proper treatment system operating parameters and maintenance be established to define proper 

addressed and requirements. Health and safety plans will establish training treatment system operating 

mitigated? requirements, identify personal protection equipment needs, parameters and maintenance 

specify treatment residual handling procedures, and define requirements. Health and safety 
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protection equipment needs, specify 
treatment residual handling 
procedures, and define general safe 
work practices. 
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SHORT-TERM 
EFFECTIVENESS 

What 
environmental 
impacts are 
expected with the 
construction and 
implementation of 
the alternative? 

ALTERNATIVE GW-5: REMOVALffREATMENT/DISPOSAL 

DIOR Area 

Environmental impacts resulting from treatment system 

construction are considered minimal. The primary impact to the 

environment will be associated with installation of extraction 

wells and construction of a piping system to transport 

groundwater to and from wells. These activities may result in 

physical disturbances of habitat potentially inhabited by 

threatened or endangered species (such as bald eagles). These 

however will be of short duration. The treatment process (ion 

exchange) will likely reside within the facilities area of the 100 

D/DR Area and therefore will not result in additional impacts to 

the environment. Ecological and cultural surveys required prior 

to implementation. A floodplain/wetlands assessment may also 

be required. The installation of extraction, injection, and 

monitoring wells would have minimal impact on ecological and 

cultural resources. There is enough flexibility in the placement 

of wells that sensitive areas and cultural resources could be 

avoided through prudent location of wells. 

H Area 

Environmental impacts resulting 
from treatment system construction 
are considered minimal. The 
primary impact to the environment 
will be associated with installation 
of extraction wells and construction 
of a piping system to transport 
groundwater to and from wells . . 
These activities may result in 
physical disturbances of habitat 
potentially inhabited by threatened 
or endangered species (such as bald 
eagles). These however will be of 
short duration. The treatment 
process (ion exchange) will likely 
reside within the facilities area of 
the 100 D/DR Area and therefore 
will not result in additional impacts 
to the environment. Ecological and 
cultural surveys required prior to 
implementation. A 
floodplain/wetlands assessment may 
also be required. The installation of 
extraction, injection, and monitoring 
wells would have minimal impact on 
ecological and cultural resources. 
There is enough flexibility in the 
placement of wells that sensitive 
areas and cultural resources could 
be avoided through prudent location 
of wells . 

• 



SHORT-TERM 
EFFECTIVENESS 

What are the 
impacts that cannot 
be avoided should 
the alternative be 
implemented? 

How long until 
remedial action 
objectives are 
achieved? 

L_ - --- --- - - -- -

ALTERNATIVE GW-5: REMOVALffREATMENT/DISPOSAL 

0/DR Area 

Physical disturbances to habitat resulting from construction 
activities will be unavoidable. However, construction activities 
will be conducted to avoid or minimize such impacts (such as 

during seasons when endangered species such as the bald eagle 
are not present in the area). 

Since the primary goal of the IRM is protection of the river as 
opposed to aquifer restoration, pump-and-treat will be required 
for the duration of the IRM period to maintain protection of the 
river. Aquifer restoration will be addressed by the final 
remedial action selected. 

H Area 

Physical disturbances to habitat 
resulting from construction activities 
will be unavoidable. However, 
construction activities will be 
conducted to avoid or minimize such 
impacts (such as during seasons 
when endangered species such as the 
bald eagle are not present in the 
area). 

Since the primary goal of the IRM 
is protection of the river as opposed 
to aquifer restoration, pump-and
treat will be required for the 
duration of the IRM period to 
maintain protection of the river. 
Aquifer restoration will be 
addressed by the final remedial 
action selected. 



IMPLEMENTABILITY 

What difficulties and 
uncertainties are 
associated with 
construction? 

What is the likelihood 
that technical problems 
will lead to schedule 
delays? 

What likely future 
remedial actions are 
anticipated? 

ALTERATIVE GW-5 : REMOVAL/TREATMENT/DISPOSAL 

D/DR Area 

None. Construction of extraction wells and ion exchange treatment 

systems is well developed technology. 

Since ion exchange treatment and groundwater extraction are well 

developed technologies, technical problems are not likely to cause 

significant delays . One potential problem considered possible is the 

potential for the system to fail to achieve performance objectives 

(effluent chromium concentration) . This situation could result in 

schedule delays . 

No additional remedial actions are considered necessary during the 

IRM period. Since modeling results indicate pump-and-treat will be 

required for the duration of IRM, a final remedial action may be 

required . The final remedial action will be addressed through a final 

risk assessment and feasibility study. 

H Area 

None. Construction of 
extraction wells and ion 
exchange treatment systems is 
well developed technology. 

Since ion exchange treatment 
and groundwater extraction 
are well developed 
technologies, technical 
problems are not likely to 
cause significant delays . One 
potential problem considered 
possible is the potential for 
the system to fail to achieve 
performance objectives 
( effluent chromium 
concentration). This situation 
could result in schedule 
delays . 

No additional remedial actions 
are considered necessary 
during the IRM period (year 
2001). Since modeling results 
indicate pump-and-treat will 
be required for the duration of 
IRM, a final remedial action 
may be required. The final 
remedial action will be 
addressed through a final risk 
assessment and feasibility 
study. 



IMPLEMENTABILITY 

What risks of exposure 
exist should monitoring 
be insufficient to detect 
failure? 

What activities are 
proposed which require 
coordination with other 
agencies? 

Are adequate treatment, 
storage capacity, and 
disposal services 
available? 

Are the necessary 
equipment and 
specialists available? 

--- - --- - ------ --------

ALTERATIVE GW-5: REMOVALrrREATMENT/DISPOSAL 

D/DR Area 

Monitoring failure could lead to prematurely ending treatment 
operations. The resulting risk would depend on the extent of 
treatment up to that point in time, but would be no greater than the 
baseline conditions identified in the QRA. 

Discharge of treated groundwater into the Columbia River will likely 
require coordination with other agencies, such as EPA, Ecology, U.S. 
Army Corps of Engineers, National Parks Department, or the 
Washington State Department of Fish and Wildlife. 

Ion exchange treatment services are commercially available. Disposal 
services will be available within the Hanford Site at ERDF. 

Y~s. Ion exchange equipment and specialists are available within 
DOE and private industry. 

H Area 

Monitoring failure could lead 
to prematurely ending 
treatment operations. The 
resulting risk would depend 
on the extent of treatment up 
to that point in time, but 
would be no greater than the 
baseline conditions identified 
in the QRA. 

Discharge of treated 
groundwater into the 
Columbia River will likely 
require coordination with 
other agencies, such as EPA, 
Ecology, U.S. Army Corps of 
Engineers, National Parks 
Department, or the 
Washington State Department 
of Fish and Wildlife. 

Ion exchange treatment 
services are commercially 
available. Disposal services 
will be available within the 
Hanford Site at ERDF. 

Yes. Ion exchange equipment 
and specialists are available 
within DOE and private 
industry. 
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IMPLEMENTABILITY ALTERATIVE GW-5: REMOVAL/TREATMENT/DISPOSAL 

D/DR Area H Area 

What additional No adverse impacts to implementation are anticipated, equipment and No adverse impacts to 

equipment and specialists are available. implementation are 

specialists are required anticipated, equipment and 

and what are their specialists are available. 

potential impacts to 
implementation? 

Are technologies under Yes . Ion exchange . is well developed and proven effective for 100- Yes. Ion exchange is well 

consideration generally HR-3 groundwater in recently conducted treatability studies (WHC developed and proven 

available and 1993b). Groundwater extraction and monitoring are well developed effective for 100-HR-3 

sufficiently technologies. groundwater in recently 

demonstrated? conducted treatability studies 
(WHC 1993b). Groundwater 
extraction and monitoring are 
well developed technologies . 

Will technologies No. No. 

require further 
development before 
they can be applied at 
the site? 

Will more than one Yes . Yes. 

vendor be available to 
provide a competitive 
bid? 
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Table 6-4. Detailed Analysis for GW-4, Removal, Treatment, and Disposal 

- ---- ""Alternative with Ion Exchange •. (Page 25 of 25) 

COST ALTERA TIVE GW-5: REMOVAL/TREATMENT/DISPOSAL 

COMPONENT 
D/DR Area H Area 

Capital? $2,600,000 $2,600,000 

Operation and $10,300,000 $11,200,000 

Maintenance? 

Present Worth? $10,200,000 $10,900,000 



OVERALL 
PROTECTION OF 
HUMAN HEALTH 

AND THE 
ENVIRONMENT . 

Will risk be at · 
acceptable levels? 

ALTERNATIVE GW-6: REMOVAL/TREATMENT/DISPOSAL 

D/DR Area 

Human Health: Yes, the QRA indicates current risk to 
human health is low (ICR 10-6 to 104, HQ > 1). 

Environment: Uncertain; the potential ecological risk 

identified in the QRA from chromium concentrations in 
near river wells exceeding the EPA Ambient Water 
Quality Criteria of 11 µg/L may be significantly 
reduced by this alternative. Reverse osmosis has been 

shown to obtain rejection efficiencies for chromium 
(VI) in groundwater between 95 and 99 percent 
(Huxstep and Sorg 1988). This would correspond to a 

reduction from 2,090 µg/L [highest concentration 
reported in LFI (DOE-RL 1993b)] to between 21 and 
104 µg/L. Groundwater modeling results indicate that 

a five well extraction system positioned along the 
Columbia River (plus an additional well located above 

the peak chromium concentration in the plume) can 
remove enough contaminated groundwater to reduce 
the mass of chromium entering the river relative to the 

baseline (no action). The risks associated with the 

substrate of the Columbia River has not been 
quantified. 

H Area 

Human Health: Yes, the QRA indicates 
current risk to human health is low (ICR lo-6 
to 104, HQ > 1). 

Environment: Uncertain; the potential 
ecological risk identified in the QRA from 
chromium concentrations in near river wells 
exceeding the EPA Ambient Water Quality 
Criteria of 11 µg/L may be significantly 
reduced by this alternative. Reverse osmosis 
has been shown to obtain rejection efficiencies 
for chromium (VI) in groundwater between 95 
and 99 percent (Huxstep and Sorg 1988). 
This would correspond to a reduction from 
490 µg/L [highest concentration reported in 
LFI (DOE-RL 1993b)] to between 5 and 25 
µ.g/L. Groundwater modeling results indicate 
that a seven well extraction system positioned 
along the Columbia River can remove enough 
contaminated groundwater to reduce the mass · 
of chromium entering the river relative to the 
baseline (no action). The risks associated with 
the substrate of the Columbia River has not 
been quantified. 



r 
OVERALL 

PROTECTION OF 
HUMAN HEALTH 

AND THE 
ENVIRONMENT 

Timeframe to 
achieve acceptable 
levels? 

Will additional 
threats be 
minimized? 

Will the alternative 
pose any 
unacceptable short
term or cross-media 
impacts? 

What restoration 
actions may be 
necessary? 

ALTERNATIVE GW-6: REMOVALITREATMENT/DISPOSAL 

O/DR Area 

Based groundwater modeling results, operation of the 
pump-and-treat system in the 100 O/DR Area will be 
required for the duration of the IRM period (year 
2001) in order to maintain protection of the Columbia 
River. However, reductions in chromium contaminated 
groundwater entering the river will be achieved once 
pump-and-treat is initiated. It should be noted that the 
intent of the pump-and-treat system is protection of the 
river and not aquifer restoration. 

Additional threats posed by chromium removed from 
groundwater will be insignificant. All treatment 
residuals will be disposed at ERO F, W-025, or another 
site. Although concentrate from the reverse 
osmosis/evaporation treatment may be classified as 
mixed waste, solidification in cement followed by 
disposal at an approved facility will minimize potential 
threats. 

No. Chromium concentrations in groundwater and in 
the Columbia River are expected to decline. 

If the system is removed following remediation, some 
regrading and revegetation of a may be necessary to 
restore the a area to its natural state. 

H Area 

Based groundwater modeling results, operation 
of the pump-and-treat system in the 100 O/DR 
Area will be required for the duration of the 
IRM period (year 2001) in order to maintain 
protection of the Columbia River. However, 
reductions in chromium contaminated 
groundwater entering the river will be 
achieved once pump-and-treat is initiated. It 
should be noted that the intent of the pump
and-treat system is protection of the river and 
not aquifer restoration. 

Additional threats posed by chromium 
removed from groundwater will be 
insignificant. All treatment residuals will be 
disposed at ERDF, W-025, or another site. 
Although concentrate from the reverse 
osmosis/evaporation treatment may be 
classified as mixed waste, solidification in 
cement followed by disposal at an approved 
facility will minimize potential threats. 

Same as D/DR Area 

If the system is removed following 
remediation, some regrading and revegetation 
of a may be necessary to restore the a area to 
its natural state. 
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OVERALL ALTERNATIVE GW-6: REMOVALffREATMENT/DISPOSAL 

PROTECTION OF 
HUMAN HEALTH 

AND THE D/DR Area H Area 

ENVIRONMENT 

Will residual Not applicable for interim action. It is anticipated that Not applicable for interim action. It is 

contamination final remedial action will address residual anticipated that final remedial action will 

(following contamination. address residual contamination. 

remediation) be a 
potential problem? 



COMPLIANCE 
WITH ARAR 

What are the 
potential ARARs? 

Will the potential 
ARARs be met? 
How? 

Basis for waivers? 

ALTERNATIVE GW-6: REMOVAL/TREATMENT/DISPOSAL 

D/DR Area 

See Table 6-5 . 

See Table 6-5. 

This alternative may represent an interim action 
preceding a final action. The final remedial action 
will be selected to ensure compliance with 
applicable ARAR. 

Reduction of chromium concentrations in 
groundwater entering the Columbia River to below 
the EPA Ambient Water Quality Criteria level of 11 
µg/L may be technically impractical. Although the 
purpose of the interim action is not aquifer 
restoration, contaminant concentrations in the 
aquifer represent the contaminant concentrations 
potentially entering the river. Due to the 
persistence of chromium in the environment, 
removal would be the only means of ensuring 
permanent compliance with ARARs. However, 
conventional pump-and-treat may never result in 
sufficient chromium reduction in the aquifer to 
comply with ARAR. 

H Area 

See Table 6-5. 

See Table 6-5. 

This alternative may represent an interim action 
preceding a final action. The final remedial action 
will be selected to ensure compliance with applicable 
ARAR. 

Reduction of chromium concentrations in 
groundwater entering the Columbia River to below 
the EPA Ambient Water Quality Criteria level of 11 
µg/L may be technically impractical. Although the 
purpose of the interim action is not aquifer 
restoration, contaminant concentrations in the aquifer 
represent the contaminant concentrations potentially 
entering the river. Due to the persistence of 
chromium in the environment, removal would be the 
only means of ensuring permanent compliance with 
ARARs. However, conventional pump-and-treat 
may never result in sufficient chromium reduction in 
the aquifer to comply with ARAR. 



COMPLIANCE ALTERNATIVE GW-6: REMOV ALffREATMENT/DISPOSAL 

WITH ARAR 
0/0R Area H Area 

Basis for waivers? Reverse osmosis is specified as a Best Available Reverse osmosis is specified as a Best Available 

( continued) Technology (BAT) for chromium treatment within Technology (BAT) for chromium treatment within 

the SOW A, based on the SOW A MCL for the SOWA, based on the SOWA MCL for chromium 

chromium (100 µg/L). Previous studies have shown (100 µg/L) . Previous studies have shown reverse 

reverse osmosis to remove chromium (VI) in osmosis to remove chromium (VI) in groundwater 

groundwater with 95 to 99 percent efficiency with 95 to 99 percent efficiency (Hux.step and Sorg 

(Hux.step and Sorg 1988). However, the ability of 1988). However, the ability of reverse osmosis to 

reverse osmosis to satisfy the 11 µg/L EPA Ambient satisfy the 11 µg/L EPA Ambient Water Quality 

Water Quality Criteria is unknown. Criteria is unknown. 

What are the See Table 6-5. See Table 6-5. 

potential TBC? 

Is the alternative See Table 6-5. See Table 6-5. 

consistent with TBC 
listed above? 

Will implementation See Table 6-6. See Table 6-6. 

of the alternative 
comply with 
ARARs regarding 
protection, 
restoration, and 
enhancement of 
natural resources 
and protection of 
cultural resources? 

What difficulties See Table 6-6. See Table 6-6. 

may be associated 
with compliance to 
ARARs? 



LONG-TERM 
EFFECTIVENESS 

AND 
PERMANENCE 

What is the magnitude 
of the remaining risk? 

What remaining 
sources of risk can be 
identified? 

What is the likelihood 
that the technologies 
will meet performance 
needs? 

ALTERNATIVE GW-6: REMOV ALrrREA TMENT/DISPOSAL 

D/DR Area 

Reduction of chromium concentrations in groundwater 
extracted from the unconfined aquifer may be 
significantly reduced by reverse osmosis (at least to 
the 100 µg/L SOWA MCL). Groundwater modeling 
results indicate the mass of chromium entering the 
river can be reduced relative to no action. However, 
groundwater modeling results also indicate pump-and
treat would be required beyond the IRM period of in 
order to maintain protection of the river. 

Untreated groundwater remaining in the aquifer, 
treated groundwater discharged to the Columbia 
River, and untreated groundwater leakage past the 
extraction system are the remaining sources of risk. 
However, final remedial action will address risk due 
to chromium contaminated groundwater remaining in 
the aquifer after the IRM period. 

Groundwater modeling results indicate the extraction 
system can reduce the mass of chromium entering the 
Columbia River relative to the baseline. Specification 
of reverse osmosis as a BAT within the SOW A 
indicates chromium reduction to the 100 µg/L MCL 
is reasonably achievable. The ability of RO to meet 
the 11 µg/L Ambient Water Quality Criteria is 
uncertain. 

H Area 

Reduction of chromium concentrations in 
groundwater extracted from the unconfined 
aquifer may be significantly reduced by 
reverse osmosis (at least to the 100 µg/L 
SOWA MCL). Groundwater modeling 
results indicate the mass of chromium 
entering the river can be reduced relative to 
no action. However, groundwater modeling 
results also indicate pump-and-treat would be 
required beyond the IRM period of in order 
to maintain protection of the river. 

Untreated groundwater remaining in the 
aquifer, treated groundwater discharged to 
the Columbia River, and untreated 
groundwater leakage past the extraction 
system are the remaining sources of risk. 
However, final remedial action will address 
risk due to chromium contaminated 
groundwater remaining in the aquifer after 
the IRM period. 

Groundwater modeling results indicate the 
extraction system can reduce the mass of 
chromium entering the Columbia River 
relative to the baseline. Specification of 
reverse osmosis as a BAT within the SDW A 
indicates chromium reduction to the 100 µg/L 
MCL is reasonably achievable . The ability 
of RO to meet the 11 µg/L Ambient Water 
Quality Criteria is uncertain. 

-



LONG-TERM ALTERNATIVE GW-6: REMOV ALffREA TMENT/DISPOSAL 

EFFECTIVENESS 
AND D/DR Area H Area 

PERMANENCE 

What type and degree Long-term management is required for the du.ration of Long-term management is required for the 

of long-term the IRM period to maintain operation of the reverse du.ration of the IRM period to maintain 

management is osmosis treatment system and extraction wells, satisfy operation of the reverse osmosis treatment 

required? annual reporting requirements, and conduct periodic system and extraction wells, satisfy annual 

groundwater monitoring. Increases in groundwater reporting requirements, and conduct periodic 

extraction rate may require replacement or addition of groundwater monitoring. Increases in 

treatment components . groundwater extraction rate may require 
replacement or addition of treatment 
components. 

What are the The current monitoring program will continue The current monitoring program will 

requirements for long- through the IRM period. Evaluations will be made continue through the IRM period. 

term monitoring? periodically to ensure the effectiveness of the Evaluations will be made periodically to 

treatment is maintained. ensure the effectiveness of the treatment is 
maintained. 

What O&M functions O&M will be required for the du.ration of the IRM O&M will be required for the du.ration of the 

must be performed? period to ensure continuous treatment and monitoring. IRM period to ensure continuous treatment 
and monitoring. 

What difficulties may None foreseeable within the timeframe of the IRM. None foreseeable within the timeframe of the 

be associated with IRM. 

long-term O&M? 

What is the potential Periodic replacement of reverse osmosis/evaporation Periodic replacement of reverse 

need for replacement system components (e.g., reverse osmosis membrane, osmosis/evaporation system components 

of technical evaporator heat exchanger), extraction wells, (e.g. , reverse osmosis membrane, evaporator 

components? monitoring wells, and associated ancillary equipment heat exchanger), extraction wells, monitoring 

will be required. wells, and associated ancillary equipment will 
be required. 



LONG-TERM 
EFFECTIVENESS 

AND 
PERMANENCE 

What is the magnitude 
of risk should the 
remedial action need 
replacement? 

What is the degree of 
confidence that 
controls can 
adequately handle 
potential problems? 

How is the removed 
contamination 
disposed of! 

What are potential 
final actions? 

ALTERNATIVE GW-6: REMOVALffREATMENT/DISPOSAL 

D/DR Area 

The time required to replace components of the 
treatment system is not considered significant. 
However, in the event treatment is unavailable for 
extended periods, untreated chromium contaminated 
groundwater could enter the river. 

Potential problems associated with operation of the 
treatment system include equipment failure, leaks or 
spills, and chromium removal inefficiency. Control 
measures can adequately protect human health and the 
environment should such problems arise. The 
treatment system will be equipped with automated 
shut-down controls, secondary containment measures, 
and effluent chromium concentration monitoring. 

Chromium contaminated sludge discharged from the 
rotary drum filter will be solidified in cement. These 
solidified residues will be disposed on the Hanford 

Site. 

Potential final actions likely include no action, 
institutional controls, and pump and treat for mass 
reduction. The vertical barrier option is not 
considered for final action because chromium is 
persistent in the environment and does not readily 
degrade. The wall will contain the chromium by 
lengthening the travel time for the contaminants to 
reach the river; however, the contamination will 
eventually migrate around the wall. 

H Area 

The time required to replace components of 
the treatment system is not considered 
significant. However, in the event treatment 
is unavailable for extended periods, untreated 
chromium contaminated groundwater could 
enter the river. 

Potential problems associated with operation 
of the treatment system include equipment 
failure, leaks or spills, and chromium 
removal inefficiency. Control measures can 
adequately protect human health and the 
environment should such problems arise. 
The treatment system will be equipped with 
automated shut-down controls, secondary 
containment measures, and effluent 
chromium concentration monitoring. 

Chromium contaminated sludge discharged 
from the rotary drum filter will be solidified 
in cement. These solidified residues will be 
disposed on the Hanford Site. 

Same as D/DR Area. The hydraulic barrier 
is not considered because of the logistics of 
maintaining the barrier indefinitely due to the 
persistence of the chromium. 

-



LONG-TERM 
EFFECTIVENESS 

AND 
· PERMANENCE 

Is the alternative for 
the IRM compatible 
with potential final 
actions? 

What are the 
uncertainties 
associated with land 
disposal of residuals 
and untreated wastes? 

ALTERNATIVE GW-6: REMOVALrfREATMENT/DISPOSAL 

D/DR Area 

The pump and treat alternative for containment and 
some mass reduction as proposed in this FFS is 
consistent with future pump and treat scenarios for 
mass removal. The IRM system can be expanded to 
meet changing objective, such as significant mass 
removal. This situation is similar to that proposed in 
the 100-HR-3 treatability test where a small pump and 
treat system will be installed to obtain information 
about the technology specific to the chromium plume 
in the operable unit. The proposed plan is to expand 
the treatability system to an IRM if results are 
favorable for the technology. However, for reverse 
osmosis, considerable costs may be incurred should 
the system require expansion to treat increased flows 
if the groundwater extraction system is expanded. 
The IRM system is not very compatible with the no 
action and institutional controls alternatives because of 
the expense involved in installing and operating the 
pumping system during the IRM period only to shut it 
down for final action. 

Residuals and wastes will be disposed at existing 
waste management facilities at Hanford. It is 
anticipated that the facilities will remain in operation 
during the IRM period. 

H Area 

The pump and treat alternative for 
containment and some mass reduction as 
proposed in this FFS is consistent with future 
pump and treat scenarios for mass removal. 
The IRM system can be expanded to meet 
changing objective, such as significant mass 
removal. This situation is similar to that 
proposed in the 100-HR-3 treatability test 
where a small pump and treat system will be 
installed to obtain information about the 
technology specific to the chromium plume in 
the operable unit. The proposed plan is to 
expand the treatability system to an IRM if 
results are favorable for the technology. 
However, for reverse osmosis, considerable 
costs may be incurred should the system 
require expansion to treat increased flows if 
the groundwater extraction system is 
expanded. The IRM system is not very 
compatible with the no action and 
institutional controls alternatives because of 
the expense involved in installing and 
operating the pumping system during the 
IRM period only to shut it down for final 
action. 

Residuals and wastes will be disposed at 
existing waste management facilities at 
Hanford. It is anticipated that the facilities 
will remain in operation during the IRM 
period. 



LONG-TERM ALTERNATIVE GW-6: REMOVALrfREATMENT/DISPOSAL 

EFFECTIVENESS 
AND D/DR Area H Area 

· PERMANENCE 

Will the alternative Yes. Contribution of chromium to the Columbia Yes. Contribution of chromium to the 

provide long-term River will be reduced during the IRM period. Some Columbia River will be reduced during the 

protection of natural chromium will be removed from groundwater, but it IRM period. Some chromium will be 

resources? is anticipated that final action will be required to removed from groundwater, but it is 

address residual contamination. anticipated that final action will be required 
to address residual contamination. 

Will terrestrial There will be some degradation of terrestrial habitat There will be some degradation of terrestrial 

habitats be degraded during the construction phase. Habitats will not be habitat during the construction phase. 

or enhanced? impacted during system operation. Habitats will not be impacted during system 
operation. 

How will the remedial This alternative will improve the quality of the This alternative will improve the quality of 

action affect the · ecosystem by reducing the flux of chromium to the the ecosystem by reducing the flux of 

overall quality of the Columbia River. chromium to the Columbia River. 

ecosystem? 

-



REDUCTION OF 
TOXICITY, 

MOBILITY, 
OR VOLUME 

Does the treatment 
process address the 
principal threats? 

Are there any special 
requirements for the 
treatment process? 

What portion of the 
contaminated material is 
treated/destroyed? 

To what extent is total 
mass of toxic 
contaminants reduced? 

ALTERNATIVE GW-6: REMOVALffREATMENT/DISPOSAL 

D/DR Area 

Yes. Reverse osmosis has been shown to result in 95 to 99 
percent rejection of hexavalent chromium in groundwater (Huxstep 

and Sorg 1988). 

Pretreatment is required to prevent fouling the reverse osmosis 

membrane(s) due to high solids content or salts precipitation. 
Filtration will be used to remove suspended solids. Crystal 
inhibitors (sodium hexametaphosphate) and pH adjustment will 

prevent salts from precipitating within the reverse osmosis unit. 

The volume of chromium contaminated groundwater treated will 
be equivalent to the design flow rate (60 gal/min) multiplied by the 

operation time. Assuming continuous operation throughout the 
duration of the IRM period (1996 to 2001), the volume of treated 

would be approximately 1.6 x 108 gallons. 

Groundwater modeling indicates the effects of the extraction 
system can reduce the mass of chromium entering the Columbia 

River relative to the baseline (no action). The concentration of 

chromium in the treatment effluent may be reduced to the levels 

achievable by reverse osmosis. The reverse osmosis treatment 
system is assumed to effectively reduce chromium concentration in 

extracted groundwater to at least 100 µg/L (based on the SDWA 

specification of reverse osmosis as BAT for chromium). Previous 

studies have shown reverse osmosis to reject chromium (VI) in 
groundwater with 95 to 99 percent efficiency (Huxstep and Sorg 

1988). 

H Area 

Same as D/DR Area for 
chromium contamination. 

Same as D/DR Area for 
chromium contamination. 

The volume of chromium and 
iron contaminated groundwater 
treated would be equivalent to the 
design flow rate (350 gpm) 
multiplied by the operation time. 
Assuming continuous operation 
for the duration of the interim 
action period (1996 to 2001), the 
volume treated would be 
approximately 1.0 x 109 gallons . 

Same as D/DR Area for 
chromium contamination. 

----- - - - - --- - - ----- - - - --- - - --- - - -



REDUCTION OF 
TOXICITY, 

MOBILITY, 
OR VOLUME 

To what extent is the 
mobility of toxic 
contaminants reduced? 

To what extent is the 
volume of toxic 
contaminants reduced? 

To what extent are the 
effects of the treatment 
irreversible? 

What are the quantities 
of residuals and 
characteristics of the 
residual risks? 

ALTERNATIVE GW-6: REMOVAL/TREATMENT/DISPOSAL 

D/DR Area 

The mobility of chromium removed by the reverse osmosis 

treatment system will be minimized by subsequent solidification in 

cement followed by disposal at an approved facility. The mobility 

of untreated groundwater or residual chromium remaining in 

treated groundwater will not be reduced. 

The reduction in volume of contaminated groundwater is equal to 

the volume treated, approximately 1.6 x 108 gallons by the end of 

the interim action period (year 2001). 

Removal of chromium from the unconfined aquifer is considered 

irreversible. 

Reverse osmosis will reduce the volume of Cr contaminated 

groundwater by approximately 10 to 1. Based on a 60 gal/min 

flow rate, this volume reduction results in approximately 6 gal/min 

into the evaporator. The evaporator will result in additional 

volume reduction based on an approximate 50% solids 

concentration. Concentrate from the evaporator will be solidified 

in cement which will result in a subsequent volume increase of 

approximately 1.5 to 1. Preliminary estimates indicate that 4,160 

cu ft of spent filters and 2,054 of evaporator cake will be 

generated each year. 

H Area 

The mobility of chromium 
removed by the reverse osmosis 
treatment system will be 
minimized by subsequent 
solidification in cement followed 
by disposal at an approved 
facility. The mobility of 
untreated groundwater or residual 
chromium remaining in treated 
groundwater will not be reduced. 

The reduction in volume of 
contaminated groundwater is 
equal to the volume treated, 
approximately 1.0 x 109 gallons 
by the end of the interim action 
period. 

Same as D/DR Area for 
chromium. 

Preliminary estimates indicate 
that 4,160 cu ft of spent filters 
and 16,060 cu ft of evaporator 
cake will be generated each year. 

- - ---------- --- - -- -

-



REDUCTION OF 
TOXICITY, 

MOBILITY, 
OR VOLUME 

What risks do treatment 
of residuals pose? 

Is treatment used to 
reduce inherent hazards 
posed by principal threats 
at the site? 

How does the proposed 
treatment impact natural 
resources? 

Does the alternative 
result in a gain or loss of 
quality at the site for 
natural resources? 

ALTERNATIVE GW-6: REMOVAL/TREATMENT/DISPOSAL 

D/DR Area 

Cement solidification is well developed and used for both 

radioactive and hazardous wastes. Thus, risk from residuals 

treatment is considered minimal. 

Yes. Chromium removal from 100 DIOR .Area Operable Unit 

groundwater will reduce the threat posed by Cr migration into the 

river. Treatment residuals will pose minimal risk to human health 

and the environment based on cement solidification followed by 

disposal at ERDF. 

Reduction of chromium flux to the Columbia River and removal of 

chromium from groundwater will reduce potential exposures of 

aquatic organisms to chromium. 

The reduction of chromium concentrations in groundwater entering 

the Columbia River will have a positive impact on natural 

resources. There will be some negative impacts during 

construction of the removal/treatment system. 

H Area 

Cement solidification is well 
developed and used for both 
radioactive and hazardous wastes. 
Thus, risk from residuals 
treatment is considered minimal. 

Yes. Chromium removal from 
100 D/DR Area Operable Unit 
groundwater will reduce the 
threat posed by Cr migration into 
the river. Treatment residuals 
will pose minimal risk to human 
health and the environment based 
on cement solidification followed 
by disposal at ERDF. 

Reduction of chromium flux to 
the Columbia River and removal 
of chromium from groundwater 
will reduce potential exposures of 
aquatic organisms to chromium. 

The reduction of chromium 
concentrations in groundwater 
entering the Columbia River will 
have a positive impact on natural 
resources. There will be some 
negative impacts during 
construction of the 
removal/treatment system. 



REDUCTION OF 
TOXICITY, 

MOBILITY, 
OR VOLUME 

Will implementation of 
the alternative result in 
short-term impacts to 
natural resources (e.g., 
exposure of ecological 
receptors to physical or 
chemical impacts, noise, 
intrusion to habitat and 
special breeding areas, 
temporary displacement, 
or seasonal restrictions 
on habitat use)? 

Will the natural resource 
restoration activities 
associated with this 
alternative be easily 
implemented? 

Will long-term 
maintenance and 
monitoring of 
mitigation/restoration 
efforts and activities be 
necessary? 

ALTERNATIVE GW-6: REMOVAL/TREATMENT/DISPOSAL 

D/DR Area 

Some minor impacts due to noise and intrusion on terrestrial 
habitats are possible during construction. No impacts are likely 
during system operation. 

Yes . Some revegetation and grading may be required. 

No. 

H Area 

Some minor impacts due to noise 
and intrusion on terrestrial 
habitats are possible during 
construction. No impacts ar.e 
likely during system operation. 

Yes. Some revegetation and 
grading may be required . 

No. 



SHORT-TERM ALTERNATIVE GW-6: REMOVAL/TREATMENT/DISPOSAL 

EFFECTIVENESS 
D/DR Area H Area 

What are the risks to None. None. 

the community 
during remedial 
actions that must be 
addressed? 

How will the risks to Not applicable. Not applicable. 

the community be 
addressed .and 
mitigated? 

What risks remain to None. None. 

the community that 
cannot be readily 
controlled? 

What are the risks to Risks to workers are associated with handling Risks to workers are associated with handling treatment 

the workers that treatment residuals, operation and maintenance residuals, operation and maintenance of treatment 

need to be of treatment process equipment, and process equipment, and groundwater monitoring. 

addressed? groundwater monitoring. Worker risks Worker risks associated with groundwater extraction and 

associated with groundwater extraction and handling are considered low. 

handling are considered low. 

What risks remain to None. None. 

the workers that 
cannot be readily 
controlled? 

How will the risks to Standard operating procedures will be Standard operating procedures will be established to 

the workers be established to define proper treatment system define proper treatment system operating parameters and 

addressed and operating parameters and maintenance maintenance requirements . Health and safety plans will 

mitigated? requirements. Health and safety plans will establish training requirements, identify personal 

establish training requirements, identify protection equipment needs, specify treatment residual 

personal protection equipment needs, specify handling procedures, and define general safe working 

treatment residual handling procedures, and practices. 

define general safe working practices. 

• 

- - - -------- - - - - ----- ·- - - --- - - -



SHORT-TERM 
EFFECTIVENESS 

What environmental 
impacts are expected 
with the construction 
and implementation 
of the alternative? 

ALTERNATIVE GW-6: REMOVAL/TREATMENT/DISPOSAL 

D/DR Area 

Environmental impacts resulting from 
treatment system construction are considered 

minimal. The primary impact to the 
environment will be associated with installation 

of extraction wells and construction of the 
piping system to transport groundwater to and 
from wells. These activities will likely result 

in physical disturbances to habitat potentially 

inhabited by threatened or endangered species 

(such as bald eagles). The treatment process 
(reverse osmosis/evaporation) will likely reside 

within the facilities area of the 100 D/DR Area 

and therefore will not result in additional 
impacts to the environment. Ecological and 

cultural evaluations required prior to 
implementation. Floodplain/wetlands 
assessment may also be necessary. The 
installation of extraction, injection, and 
monitoring wells would have minimal impact 

on ecological and cultural resources . There is 
enough flexibility in the placement of wells 

that sensitive areas and cultural resources could 

be avoided through prudent location of wells. 

H Area 

Environmental impacts resulting from treatment system 

construction are considered minimal. The primary 

impact to the environment will be associated with 

installation of extraction wells and construction of the 

piping system to transport groundwater to and from 

wells. These activities will likely result in physical 

disturbances to habitat potentially inhabited by threatened 

or endangered species (such as bald eagles) . . The 

treatment process (reverse osmosis/evaporation) will 

likely reside within the facilities area of the 100 D/DR 

Area and therefore will not result in additional impacts to 

the environment. Ecological and cultural evaluations 

required prior to implementation. Floodplain/wetlands 

assessment may also be necessary. The installation of 

extraction, injection, and monitoring wells would have 

minimal impact on ecological and cultural resources. 

There is enough flexibility in the placement of wells that 

sensitive areas and cultural resources could be avoided 

through prudent location of wells. environment will be 

associated with installation of extraction wells and 

construction of the piping system to transport 
groundwater to and from wells. These activities will 

likely result in physical disturbances to habitat potentially 

inhabited by threatened or endangered species (such as 

bald eagles). The treatment process (reverse 

osmosis/evaporation) will likely reside within the 

facilities area of the 100 D/DR Area and therefore will 

not result in additional impacts to the environment. 

Ecological and cultural evaluations required prior to 

implementation. Floodplain/wetlands assessment may 

also be necessary. The installation of extraction, 

injection, and monitoring wells would have minimal 

impact on ecological and cultural resources. There is 

enough flexibility in the placement of wells that sensitive 

areas and cultural resources could be a11oided through 



SHORT-TERM ALTERNATIVE GW-6: REMOVALfl'REATMENT/DISPOSAL 

EFFECTIVENESS 
D/DR Area H Area 

What are the impacts Physical disturbances to habitat resulting from Physical disturbances to habitat resulting from 

that cannot be construction activities will be unavoidable. construction activities will be unavoidable. However, 

avoided should the However, construction activities will be construction activities will be conducted to avoid or 

alternative be conducted to avoid or minimize such impacts minimize such impacts (such as during seasons when 

implemented? (such as during seasons when endangered endangered species such as the bald eagle are not present 

species such as the bald eagle are not present in the area). 

in the area) . 

How long until Since the primary goal of the interim action is Since the primary goal of the interim action is protection 

remedial action protection of the river as opposed to aquifer of the river as opposed to aquifer restoration, pump-and-

objectives are restoration, pump-and-treat will be required for treat will be required for the duration of the IRM period 

achieved? the duration of the IRM period to maintain to maintain protection of the river. Aquifer restoration 

protection of the river. Aquifer restoration will be addressed by the final remedial action selected 

will be addressed by the final remedial action (which may be continued pump-and-treat) . 

selected (which may be continued pump-and-

treat). 



IMPLEMENTABILITY 

What difficulties and 
uncertainties are associated 
with construction? 

What is the likelihood that 
technical problems will lead 
to schedule delays? 

What likely future remedial 
actions are anticipated? 

ALTERNATIVE GW-6: REMOVALffREATMENT/DISPOSAL 

D/DR Area 

None. Construction of extraction wells and reverse osmosis 
treatment systems is well developed technology. 

Because the components of the treatment system (reverse 
osmosis, evaporation, cement solidification, and pumping wells) 
are well developed technologies, technical problems are not 
likely to cause significant delays. One potential problem is that 
the treatment system could fail to achieve performance 
objectives (effluent chromium concentrations). This situation 
could result in schedule delays. 

No additional remedial actions are considered necessary during 
the IRM period. Because modeling results indicate pump-and
treat will be required for the duration of interim action, a final 
remedial action will be required. The final remedial action will 
address the need for future remedial actions. 

H Area 

None. Construction of 
extraction wells and reverse 
osmosis treatment systems is well 
developed technology. 

Because the components of the 
treatment system (reverse 
osmosis, evaporation, cement 
solidification, and pumping 
wells) are well developed 
technologies, technical problems 
are not likely to cause significant 
delays. One potential problem is 
that the treatment system could 
fail to achieve performance 
objectives (effluent chromium 
concentrations). This situation 
could result in schedule delays. 

No additional remedial actions 
are considered necessary during 
the IRM period. Because 
modeling results indicate pump
and-treat will be required for the 
duration of interim action, a final 
remedial action will be required. 
The final remedial action will 
address the need for future 
remedial actions . 
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IMPLEMENTABILITY ALTERNATIVE GW-6: REMOV ALffREATMENT/DISPOSAL 

D/DR Area H Area 

What risks of exposure exist Monitoring failure could lead to prematurely ending treatment Monitoring failure could lead to 

should monitoring be operations. The resulting risk would depend on the extent of prematurely ending treatment 

insufficient to detect failure? treatment up to that point in time, but would be no greater than operations. The resulting risk 

the baseline conditions identified in the QRA. would depend on the extent of 
treatment up to that point in 
time, but would be no greater 
than the baseline conditions 
identified in the QRA. 

What activities are proposed None. None. 

which require coordination 
with other agencies? 

Are adequate treatment, Reverse osmosis treatment services are commercially available. Reverse osmosis treatment 

storage capacity, and Storage and disposal services are considered available within services are commercially 

disposal services available? the Hanford Site (at ERDF). available. Storage and disposal 
services are considered available 
within the Hanford Site (at 
ERDF). 

Are the necessary equipment Yes. Reverse osmosis equipment and specialists are available Yes. Reverse osmosis equipment 

and specialists available? within DOE and private industry. and specialists are available 
within DOE and private industry. 

What additional equipment No adverse impacts to implementation are anticipated. No adverse impacts to 

and specialists are required implementation are anticipated. 

and what are their potential 
impacts to implementation? 

• 

--- - - ---- --- ------------- --- -- - -



IMPLEMENT ABILITY 

Are technologies under 
consideration generally 
available and sufficiently 
demonstrated? 

Will technologies require 
further development before 
they can be applied at the 
site? 

Will more than one vendor 
be available to provide a 
competitive bid? 

ALTERNATIVE GW-6: REMOVALffREATMENT/DISPOSAL 

D/DR Area 

Yes. Reverse osmosis is specified as a BAT within the SDWA 
and has been applied to radioactive wastewater applications in 

the commercial nuclear industry. However, the application of 
reverse osmosis to the site specific conditions at the 100 D/DR 
Area groundwater operable unit will require treatability testing 
to establish pretreatment requirements, operating conditions, 
and membrane type and configuration such that optimum 
chromium removal is obtained. 

No. Treatability testing is required to optimize reverse osmosis 
system design and performance based on the water quality 
(chemical composition) specific to 100 D/DR Area 
groundwater. 

Yes. 

H Area 

Yes. Reverse osmosis is 
specified as a BAT within the 
SDW A and has been applied to 
radioactive wastewater 
applications in the commercial 
nuclear industry. However, the 
application of reverse osmosis to 
the site specific conditions at the 
100 D/DR Area groundwater 
operable unit will require 
treatability testing to establish 
pretreatment requirements, 
operating conditions, and 
membrane type and configuration 
such that optimum chromium 
removal is obtained. 

No. Treatability testing is 
required to optimize reverse 
osmosis system design and 
performance based on the water 
quality ( chemical composition) 
specific to 100 D/DR Area 
groundwater. 

Yes . 



DOEIRL-94-67 
Draft B 

Table 6-S. Detailed Analysis for GW-6, Removal, Treatment, and Disposal 

- - - Alternative with Reverse Osmosis Treatment. (Page 21 of 21) 

COST ALTERNATIVE GW-6: REMOVAL/TREATMENT/DISPOSAL 

COMPONENT 
D/DR Area H Area 

Capital? $3,300,000 $7,100,000 

Operation and $20,400,000 $28,400,000 

Maintenance? 

Present Worth? $18,400,000 $28,200,000 



IARAR I 
40 CFR 122 

40 CFR 110 

40 CFR 261 

40 CFR 
262.34 

40 CFR 
262.11 

40 CFR 
263.30 

40 CFR 268 

40 CFR 50.6 

DOE/RL
Draft B 

1360 .. 1435 

Table 6-6. Compliance with ARAR (Page 1 of 5) 

ALTERNATIVE 

I 
REQUIREMENT 

I 
HOW ARE 

AFFECTED REQUIREMENTS MET 

GW-3, GW-5, Sets discharge limits No treated water will be 

GW-6 to surface waters. discharged to the river which 
exceeds drinking water 
standards or ambient water 
quality criteria. 

GW-3, GW-5, Prohibits discharge of Runoff control will be 

GW-6 oil above water quality implemented during all 

standards or that activities. All tanks will be 

causes a sheen on bermed. 
water surface. 

GW-3, GW-5, Chromium may be a Chromium will be treated as a 

GW-6 hazardous waste. hazardous waste for disposal 
purposes. 

GW-3, GW-5, Allows accumulation 

GW-6 of hazardous wast~ for 
90 days or less 
without a permit. 

All List procedures and These methods would be 

methods used to pertinent to shipment of 

characterize waste hazardous waste. 

generated. 

All Action to be taken in The appropriate notifications, 

the event of a documentation and clean-ups 

discharge will be implemented. 

GW-3, GW-5, Prohibits placement of All hazardous wastes will be 

GW-6 RCRA wastes in treated prior to disposal or will 

landfill unless treated. be disposed in a ca.mu, or a 
waiver will be sought. 

GW-3, GW-5, ~50 µg/m3 annual Excavation and drilling 

GW-6 average concentration activities will use dust control 

of particulate measures as required. No 

emissions or 150 other particulate emissions are 

µg/m3 per 24-hr anticipated from the treatment 

period. systems. 

I 

.. 



I ARAR I 
16 u.s.c. 
469 

50 CFR 17, 
222, 225, 
226, 227, 
402, 424 

16 U.S.C. 
461 

16 u.s.c. 
470 et seq. 

40 CFR 
257.3-1 

DOE/RL-94-67 
Draft B 

Table 6-6. Compliance with ARAR (Page 2 of 5) 

ALTERNATIVE 

I 
REQUIRE1\1ENT 

I 
HOW ARE 

AFFECTED REQUIRE1\1ENTS l\1ET 

GW-3, GW-5, Requires recovery or Only a few sites have been 

GW-6 preservation of identified in the area of 

artifacts. potential action. Consideration 
of these sites would be given 
in placing a vertical barrier in 
this area. Additional testing of 
these sites may be required. 
Impacts from extraction wells 
could be minimized by prudent 
placement. 

GW-3, GW-5, Actions must not Fish and Wildlife Service will 

GW-6 threaten the continued be consulted prior to actions. 

existence of a listed 
species or destroy 
critical habitat. 

All Requirements for See 16 U.S.C. 469. 

preservation of 
historic sites, 
buildings, or objects 
of national 
significance. 
Undesirable impacts 
must be mitigated. 

All Prohibits impacts and See 16 U.S. C. 469. 
requires mitigation for 
unavoidable impacts 
on cultural resources. 

GW-3, GW-5, Prohibits facilities or Vertical barrier may have 

GW-6 practices from some impact on local ground 

restricting flow of and surface water flow. 

base flood, reducing However, the wall. is relatively 

temporary st~rage short and should not impact the 

capacity of floodplain, base flood. Other alternatives 

or causing washout of do not significantly impact 

solid waste. floodplain. 

I 



DOE/RL- ~ 360. I~ 36 
Draft B 

Table 6-6. Compliance with ARAR (Page 3 of 5) 

I ARAR I 
ALTERNATIVE 

I 
REQUIREMENT 

I 
HOW ARE 

I AFFECTED REQUIREMENTS MET 

40 CFR GW-3, GW-5, Prohibits facilities or Activities will be scheduled to 

257.3-2 GW-6 practices from causing avoid impacts to eagles. 
or contributing to the Runoff control will be • 
talcing of endangered employed to prevent 
or threatened species. construction contaminants form 

impacting river biota; minimal 
impacts would be attributable 
to the pump and treat 
alternative; the vertical barrier 
would disturb an area near the 
river for implementation. This 
area would be restored after 
implementation. 

16 U.S.C. GW-3 , GW-5, Prohibits federal Impacts from the pumping 

1271 GW-6 agencies from system would be minimal. 
recommending The vertical barrier would 
authorization of water present a short duration impact 

resource projects that_ to visual resources; however, 

would have a direct after implementation the site 

and adverse· affect on would be restored to provide 

the qualities of the the visual aesthetics. 
wild and scenic river. 

RCRA 3020 GW-5, GW-6 Allows reinjection of Will allow reinjection of 

(b) hazardous or groundwater after pump and 

radioactive waste treat technology. 
exceeding drinking 
water standards 
pursuant to (1) RCRA 
or CERCLA 
corrective action; (2) 
treatment to 
substantially reduce 
hazardous constituents; 
(3) CERCLA or 
RCRA effort will 
protect human health 
and environment. 

~ ------ -- -



IARAR I 
WAC 232-12-
292 

WAC 232-12-
297 

WAC 173-
400-040 

WAC 173-
340-360 

WAC 173-
304-200 

DOE/RL-94-67 
Draft B 

Table 6-6. Compliance with ARAR (Page 4 of 5) 

ALTERNATIVE 

I 
REQUIREMENT 

I 
HOW ARE 

AFFECTED REQUIREMENTS MET 

All Requires protection of All activities will be scheduled 

bald eagle habitat. to avoid impacts to the eagles 

during nesting; remedial 
actions will not result in 
destruction of eagle nesting 
habitat. 

All Prescribes actions to Activities will be scheduled to 

protect wildlife avoid impacts to eagles. 

defined as endangered Runoff control will be 

or threatened. employed to prevent 
construction contaminants from 

impacting river biota; minimal 
impacts would be attributable 

to the pump and treat 
alternative; the vertical barrier 
would disturb an area near the 
river for implementation. This 

area would be restored after 

implemention. 

GW-3, GW-5, Requires best available Dust control measures will be 

GW-6 control technology to used as required. 

control emissions of 
dust; restricts emitted 
particles to Hanford 
Site; requires control 
of odors. 

All Establishes cleanup Cleanup technologies are 

requirements; considered by consideration of 

identifies treatment a range of general response 

technologies. actions; feasibility studies and 

proposed plans are prepared 
with input from regulatory 
agencies. 

GW-3, GW-5, Sets requirements for Any solid waste generated on 

GW-6 containers and vehicles site as a result of remedial 

to be used on site to action will be handled 

store or transport solid according to requirements. 

waste. 

I 

• 



DOE/RL-94-67 
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Table 6-6. Compliance with ·ARAR (Page 5 of 5) 

IARAR I 
ALTERNATIVE 

I 
REQUIREMENT 

AFFECTED 

WAC 173- GW-3, GW-5, Establishes minimum 
160 GW-6 standards · for wells. 

TBC 

Section 400- GW-3, GW-5, Prohibits emissions > 
060 GW-6 0. 10 grain per ft3 

10 CFR 1022 GW-3, GW-5, Requires federal 
GW-6 agencies to avoid 

adverse effects 
associated with 
development of 
floodplains. 

P. L. 100-605 All Requires minimization 
of direct and adverse 
effects on the valves 
for which a· river is 
under study. 

ARAR = applicable or relevant and appropriate requirements 
IRM = interim remedial measure 

I 
HOW ARE 

REQUIREMENTS MET 

All wells will be installed, 
operated, and closed according 
to requirements. 

Only temporary effects 
associated with vertical barrier 
installation. The wall will be 
below land surface; land above 
the wall altered during 
installation can be restored. 

Impacts from barrier 
installation will be relatively 
short term: disturbed areas 
can be restored after 
installation. 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act 
ERDF = Environmental Restoration Disposal Facility 
RCRA = Resource Conservation and Recovery Act. 
* These ranges· equate to ·water hardness between 90 and 250 mg/L 

I 
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7.0 QUALITATIVE SENSITIVITY ANALYSIS 

The sensitivities associated with the key assumptions for the FFS are presented 

qualitatively in Table 7-1. This table identifies each key assumption and the impacts that the 

assumption has on the direction of the FFS and on the associated costs. Additional 

discussions on uncertainties and sensitivities is included in Section 4. 0 and in Appendix C. 

The details of the cost assumptions used in defining alternative costs are included in the 

detailed cost model printouts in Appendix D. 
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ASSUMPTIONS 

The purpose of the IRM is to address 
an identified threat to human health or 
the environment. 

The objectives the FFS are to protect 
the Columbia River and to abate offsite 
migration of contaminants. 

IMPACT 

The LFI recommended that the operable unit remain on the IRM pathway based on 

the QRA ecological risk estimation. The ecological risk assessment used 

concentrations in the near-river wells to determine the EHQ. This resulted in very 

conservative estimate of risks . If the ecological risk is sufficiently overestimated 

then the need for remedial action may be artificial. If the risk estimation is 

underestimated, then additional RAO may be required along with corresponding 

changes in alternative design. The overestimation of risk results in 

overexpenditure for potentially unnecessary remedial actions. This 

overexpenditure would be equivalent to the cost of the remedial action selected for 

implementation. 

The costs developed in the FFS are based on this assumption. If the objectives 

were to clean up the aquifer and reduce the mass of contaminant then the remedial 

systems would have to be redesigned or potentially eliminated in the case of the 

vertical barrier. The barrier does not perform well in the long term with 

persistent mobile contaminant. The wall will hold up the contaminants in the short 

term, but the contamination will eventually travel around the wall to the river. If 

mass reduction is the objective, then the well number, placement, and pumping 

rates would have to be adjusted to meet the objective. The costs for pump and 

treat are mainly influenced by well installation costs and pumping rate. The mass 

reduction scenario would likely require more wells than currently proposed and 

increased pumping rates . This scenario would probably result in significant 

increases to both the pump and treat options. 

To meet the objectives, the alternatives The same sensitivities apply to this assumption as to the previous assumption. 

are aimed at containment and control of 
contaminant plumes. (The alternatives 
are not designed for mass reduction or 
aquifer cleanup.) 
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ASSUMPTIONS 

The occasional-use scenario is assumed 
for the operable unit. 

The lif ecycle for the FFS is assumed to 
be to 2008. 

Th1PACT 

This assumption does not include drinking water wells. The frequent-use scenario 

does include drinking water wells and would have an effect on RAO and 

objectives for the IRM. The frequent-use scenario results in the identification of 

additional COC for human health. The treatment processes for the pump and treat 

scenarios would have to be modified to address these additional COC and the 

objectives of the IRM would be modified to include both protection of the river 

and mass reduction. Alternate water supplies could be considered. The technical 

practicability of achieving these RAO through pump and treat is uncertain. 

Additional testing may be required to determine aquifer response and surface 

treatment. The cost of the alternatives would increase somewhat to account for 
system changes. Additional costs would be incurred determining aquifer response 

and for system modification to address RAO. 

The present worth calculations are tied to this timeframe. The capital costs, O&M 

costs, and present worths for each year can be seen on the present worth tables 
presented in Appendix C. Costs associated with years past 2008 can be 
extrapolated from the tables. 
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Table 7-1 Qualitative Sensitivity Analysis of Key Assumptions (Page 3 of 3) 

ASSUMPTIONS 

The 100 Area Feasibility Study Phases 

1 & 2 (DOE-RL 1994a) forms the basis 

for the alternatives evaluated in the 
FFS. Additional alternatives or 
deviations from the alternatives are only 
considered when the defined alternative 
does not meet the operable unit 
specifics. The Comprehensive 
Environmental Response, 
Compensation, and Liability Act 
(CERCLA) does, however, allow the 
flexibility of specifying different 
process options at any point in the 
remedial investigation/feasibility study 
circumstances. 

ERDF has sufficient space for operable 
unit waste and is available to meet 
schedule. 

I 

IMPACT 

The sensitivities to this assumption are small because most of the emerging 

technologies are not yet implementable in field applications. Research and 

development activities are proceeding and could lead to significant cost savings to 

the remedial actions if these innovative technologies become field ready. The 

technologies can be integrated into the IRM program as data and new techniques 

become available. 

The disposal costs for the ion exchange resins are not a major cost factor when 

using the Boomsnub data on resin capacities. The resin will not be required to be 

changed over the project life. The reverse osmosis costs for disposal are higher 

due to dispersal of replacement filters , but this is also not a major cost factor. 

7T-3a 
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8.0 COMPARATIVE ANALYSIS 

The comparative analysis is an evaluation of the relative performance of each 

alternative using the nine CERCLA criteria. This analysis compares Alternatives 

GW-1 (no action), GW-2 (institutional controls/continued current actions), GW-3 

(containment), GW-5 (pump and treat with ion exchange), and GW-6 (pump and treat 

with reverse osmosis). Alternative GW-4 is not included in this analysis because the 

alternative addresses contaminants in situ that are not COCs for 100-HR-3. Figure 

Table 8-1 summarizes the comparative analysis. 

8.1 OVERALL PROTECTIVENESS OF HUMAN HEALTH AND THE 

ENVIRONMENT 

The current human health risk associated with the 100-HR-3 Operable Unit is 

low (ICR 10~ to 104
, HQ < 1) for the occasional use scenario, based on the QRA. 

However, a potential ecological risk exists based on chromium concentrations in near

river wells that exceed an ecological ARAR level (EPA Ambient Water Quality 

Criteria of 11 µg/L) and the recommended performance objective of 50 µIL. 

Protection of the Columbia River is the primary focus of the IRM. Groundwater 

modeling results show that the no action and institutional controls/continued current 

actions alternatives have little effect on the current concentrations of chromium in the 

near-river wells during the IRM period. However, the vertical barrier and pump and 

treat alternatives were shown to significantly reduce (i.e., • 90%) the mass of 

chromium entering the river, relative to the baseline (no action). The magnitude of 

the ecological risk is uncertain; in addition, the risk associated with the substrate of 

the river has not been quantified. Therefore, the overall protectiveness of the 

alternatives is dependent on the true risk associated with the operable unit. For 

example, if the risk determined in the QRA is representative, then the pump and treat 

and vertical barrier options offer greater protectiveness. However, if the risk is 

exaggerated, then the no action or institutional controls/continued current actions 

alternatives may be sufficiently protective. This uncertainty would be addressed by 

the institutional controls/continued current actions alternative, as time would be 

allowed for additional information to better direct the IRM selection. 

The primary goal of the IRM is the protection of the Columbia River. 

Groundwater modeling indicates that the pump and treat alternatives can potentially 

reduce chromium concentrations in near-river wells below the Ambient Water Quality 

Criteria of 11 /tg/L le•,el during ·the IRM period. The pump and treat alternatives not 

only provide protection of the river by formation of a hydraulic barrier, but they also 

reduce the inherent risk associated with the contaminated groundwater by removing 

chromium through treatment. The containment alternative may provide protection of 

the river, but it does not reduce the risk associated with the contaminated 

groundwater. The no action and institutional controls/continued current actions 

alternatives essentially result in no change from the existing conditions. 

8-1 
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8.2 COMPLIANCE WITH ARAR 

I It is possible that nNone of the alternatives will meet the EPA · Ambient Water 

. I Quality Criteria for chromium in the Columbia River (11 µglL). Compliance with 

this ARAR may be waived on the following basis. 

• Reduction of chromium concentrations in groundwater entering the 

Columbia River to below the EPA Ambient Water Quality Criteria 

level of 11 µglL may be technically impractical. Although effective 

treatment technologies for chromium-contaminated groundwater exist 

(ion exchange and reverse osmosis}, the ability to remove chromium 

from the unconfined aquifer to the 11 µglL level may not be practical 

due to uncertainties in the adsorption characteristics of chromium in the 

unconfined aquifer. As discussed in Section 3, a performance objective 

of 50 µIL is recommended for near-river wells. 

• The preferred alternative selected from this FPS may be an interim 

action preceding a final remedial action that will ensure compliance 

with the Ambient Water Quality Criteria level of 11 µglL for 

chromium ARAR. 

Although the purpose of the interim action is not aquifer restoration, 

contaminant concentrations in the aquifer represent the contaminant concentrations 

potentially entering the river. Due to the persistence of chromium in the 

environment, removal may be the only means of ensuring permanent compliance with 

the EPA Ambient Water Quality Criteria ARAR. 

8.3 LONG-TERM EFFECTIVENESS AND PERMANENCE 

The lifecycle of the IRM is likely to be set at~ five years (1996-2001). In 

this time frame, none of the alternatives meet the 11 µglL Ambient Water Quality 

Criteria at the river. However, the barrier and pump and treat alternatives result in 

> 90 % a reduction in mass of chromium reaching the river. Concentrations in near 

river wells may approach the recommended performance objective of 50 µIL. 

Long-term effectiveness beyond the year 2008 will be addressed in the final remedial 

action for the 100-HR-3 Operable Unit. Long-term effectiveness in this FPS is 

intended to be through the IRM period. The final FS for the final action will consider 

this criterion beyond the IRM period. 

The pump and treat alternatives provide the most long-term effectiveness by 

actively removing contaminants from the groundwater. The location of the extraction 

system along the Columbia River prevents contaminated groundwater from entering 

the river. Removal of chromium (by ion exchange or reverse osmosis) from the 

extracted groundwater reduces potential risk. The pump and treat alternatives, 

however, will be O&M intensive throughout the IRM period. 
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I Based on recent experience at a similar site containing chromium in 
- -l~oondwater, the reverse osmosis treatment technology may not be capable of meeting 

I project perfromance criteria if groundwater discharge rates are increased (EPA,1995). 
· 1 For this reason, the long-term effectiveness and performance of reverse osmosis is 
I judged to be only fair compared to ion exchange, which has performed well in 
I treatability studies and under field conditions at analogous sites. 

Although groundwater modeling results indicate that the containment 
alternative can provide protection of the river in both the 100-H and 100-D/DR Areas 
in the short term, the chromium is a persistent contaminant in the environment and 
will continually travel around the wall to the river. The containment system proposed 
for the 100-H Area will be O&M intensive through the IRM period. The hydraulic 
control system (extraction and injection wells) will require constant operational 
control to account for changes in the hydraulic conditions near the Columbia River 
caused by seasonal and daily fluctuations in the river stage. Although the proposed 
containment system for the 100-D/DR Area involves a sheet pile cutoff wall (which is 
not O&M intensive), the system also uses hydraulic control wells to prevent leakage 
at the ends of the cutoff wall. 

Groundwater modeling results indicate that the no action and institutional 
controls/continued current actions alternatives have little effect on the concentrations 
of chromium in the near-river wells during the IRM period. Essentially, these 
alternatives result in no change to the existing conditions during the IRM period. 
This result may be significant in the event that current conditions are not considered 
detrimental to human health and the environment. The institutional controls/continued 
current actions alternative would allow time to assimilate additional information and 
select a final remedial action. 

8.4 REDUCTION OF TOXICITY, MOBILITY, OR VOLUME 

The pump and treat alternatives have the most significant impact on the 
reduction of toxicity, mobility, and volume of contaminants in the groundwater. They 
also satisfy the statutory preference for treatment as a principal element. Pump and 
treat reduces mobility by hydraulically controlling contaminated groundwater 
migration near the river. In addition, the a:eamient ~edmologies 51Jecified ion 
exchange and reverse osmosis treatment technology reduces the mass of chromium 
groundwater removed from the aquifer. As discussed in Section 8.3, reverse osmosis 
may be less effective in removing chromium from groundwater. Although chromium 
removed from the groundwater will remain in the hexavalent form, disposal of 
treatment residues (such as ion exchange resins and solidified treatment effluent) at 
ERDF ensures isolation from the accessible environment. 

The containment alternative reduces the mobility of contaminants, but does not 
affect volume or toxicity due to the persistence of chromium in the environment. The 
no action and institutional controls/continued current actions alternatives have no 
direct effect on these parameters, but they do allow chromium to dissipate by 
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migration into the river. However, groundwater modeling results indicate that 

- ---£ontinued migration into the river has little effect on chromium concentrations in the 

unconfined aquifer. 

8.5 SHORT-TERM EFFECTIVENESS 

The short teftB effeeti11eaess eriterion is feasoftftely wen met ey an the 

eomainlBeat B:BEl Femoval/e:eatmemteisposal altemati•,ces. The ao aetioa aae 

iastitutioeal eontFol altemati·.1e •.viii not ee effective in meetiag Rmeeial oejeetii.•es. 

None of the alternatives are likely to have an impact on the surrounding communities 

due to the remoteness of the 100-D/DR and 100-H Areas. Risk to workers is 
primarily due to physical hazards during construction activities. Implementation of 

the containment alternative in the 100-D/DR Area (sheet pile cutoff wall) has the 

highest potential worker risk due to pile driving activities and excavation to facilitate 
installation of the cutoff wall (i.e., removing subsurface obstructions and 
re-contouring the riverbank). Risk to workers from implementation of the 

containment alternative in the 100-H Area (hydraulic control wells) is due to 
installation of extraction and injection wells. The short-term risk to workers from 

implementation of the pump and treat alternatives is also due to well installation. 

Physical hazards associated with implementation of any of the alternatives can be 

minimized by adherence to stringent health and safety protocols. 

Short-term impacts to the environment are physical disturbances to habitat 

resulting from construction activities. The no action alternative does not require 

implementation and, therefore, does not impact the environment. 

Implementation of the containment alternative in the 100-D/DR Area (sheet 

pile cutoff wall) has the highest potential environmental impact due to construction of 

the sheet pile cutoff wall along the bank of the Columbia River. Impacts to the 

environment from implementation of the containment alternative in the 100-H Area 

(hydraulic control wells) is considered minimal based on the installation of extraction 

and injection wells and associated piping. Environmental impacts from 

implementation of the pump and treat alternatives is also due to well and piping 

installation. Physical disturbances to habitat from implementation of the containment 

and pump and treat alternatives is unavoidable. Environmental impacts from 
construction can be minimized to the extent possible by requiring offsite 

pre-fabrication of system components (such as piping and skid mounted treatment 

systems) whenever possible, by avoiding nesting seasons, or by the revegetation or 

transplantation of plants in other locations. Optimized placement of remedial systems 

considering ecological factors can minimize impacts. 

Although the objective of the pump and treat alternatives during interim action 

at the 100-HR-3 Operable Unit is not aquifer restoration, the concentrations in the 

aquifer represent the potential risk to the environment. Groundwater modeling results 

of the pump and treat alternatives do not show significant reductions in the 

concentrations of chromium in the unconfined aquifer during the interim action 

period. , eeeaase ftttUifeF Festofatiea is aot ilie iatent However, long-term and 
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permanent protection of the river will likely require aquifer restoration to be the goal 

-- --of-pump and treat. Uncertainty in the adsorption characteristics of chromium in the 

unconfmed aquifer results in uncertainty in the long-term effectiveness of pump and 

treat for aquifer cleanup. 

8.6 IMPLEMENTABILITY 

The no action and institutional controls/continued current actions alternatives 
are considered to be already in place (i.e., access restrictions and monitoring) and 
therefore do not involve any implementability concerns. The pump and treat 
alternatives are also considered easily implementable; however, the effectiveness of 

these alternatives is uncertain. Although both ion exchange and reverse osmosis are 

considered BATs for meeting the SDWA MCL of 100 µg/L for chromium, the ability 

of these treatment technologies to achieve the EPA Ambient Water Quality Criteria 
level of 11 µg/L is unknown. The treatability study conducted using ion exchange 

indicates that this treatment is effective for removing chromium from 100-HR-3 

groundwater to less than 20 µg/L (based on 19 µg/L detection limit) (WHC 1993c). 
Ion exchange technology has also been successfully implemented at an analogous site 

in Washington State (EPA, 1995). Treatability testing with reverse osmosis would be 

required to establish accurate performance data. Uncertainty also exists in the ability 

to remove chromium from the unconfined aquifer. Effective and efficient chromium 

removal from the unconfmed aquifer is dependent on the adsorption characteristics of 
chromium. The adsorption characteristics of chromium in the unconfmed aquifer are 
uncertain and will require additional site characterization to accurately define. 
Reverse osmosis also requires the use of high pressure pumps and may be mroe 

difficult to implement than ion exchange. 

Implementation of a vertical barrier at 100-H Area is considered impracticable. 

The proposed alternate containment action is the hydraulic control alternative. 
Although groundwater modeling results indicate this alternative to be effective for 

controlling the flux of chromium to the river, operability of the hydraulic control 

system is questionable. Operational difficulties are anticipated due to continuously 

changing hydro logic conditions in the unconfmed aquifer near the river. Daily and 
seasonal fluctuations in the river stage will result in corresponding fluctuations in the 
water table elevation, hydraulic gradient, and direction of the hydraulic gradient. 
Containment of a persistent contaminant such as chromium would eventually lead to 

additional remedial actions (i.e., pump and treat) or alternate cleanup levels would 

have to be negotiated. Operation of the extraction/injection of contaminated 
groundwater may encounter regulatory resistance in the absence of treatment. 
However, the goal of the alternative is to contain the contaminant plume without 

incurring the massive treatment costs associated with the pump and treat alternatives. 

Implementability of the sheet pile cutoff at 100-D/DR Area is considered 
difficult due to potential subsurface obstructions and recontouring areas of the river 

bank. Treatability testing may be required to establish the implementability of a sheet 
pile cutoff wall in the 100-D/DR Area. In addition, the containment system proposed 
for the 100-D/DR Area also involves hydraulic control to prevent leakage near the 
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ends of the cutoff wall: Operation of these hydraulic control wells will involve the 

- ---same operational difficulties described above for the proposed hydraulic containment 

system in the 100-H Area. 

Evaluation of the alternatives for use as IRMs requires some forethought into 

the potential final remedial actions. As an IRM, the institutional controls/continued 

current actions alternative would allow additional time for conducting treatability 

studies and defining parameters (adsorption of chromium) required to support 

selection of a final remedial action. Due to the persistence of chromium in the 

environment, containment would not reduce the potential risk associated with 

100-HR-3 groundwater. Therefore, selection of the containment alternative as an 

IRM for the 100-HR-3 Operable Unit would require a final remedial action involving 

removal. The pump and treat alternatives could be used as IRMs to protect the river 

while also reducing the risk associated with the contaminated groundwater. 

Depending on the goal of the pump and treat system used during the interim action 

period (aquifer restoration or protection of the river), continued operation or 

expansion to capture the entire plume may be required as the final remedial action. 

Pump and treat may be the only means of ensuring long-term protection of the river 

and reducing the potential ecological risk associated with 100-HR-3 groundwater. 

8.7 COST 

Costs for the alternatives are compared in Tables 8-1 and 8-2. Additional 

details and assumptions for the costs are presented in Appendix D. For all 

alternatives, the cost estimates assume an interim remediation period of 12 years 

(1996-2008). Costs for alternative GW-5 (groundwater removal and treatment with 

ion exchange) were also estimated assuming a 5-year IRM period (1996-2001) to 

support the DOE and EPA planning and review process and to incorporate data from 

recent experience with ion exchange at an analogous site in Washington State (EPA 

1995). The costs developed for this FFS cover only the implementation and operation 

of the IRM. Consideration of the final action costs is outside the scope of the FFS; 

however, some general statements are provided for consideration as follows. 

• Costs for the continuation of the IRM as a final action can be 

extrapolated from the FFS costs. 

• Costs for combining alternatives ( such as a vertical barrier in 

conjunction with pump and treat) can be assumed to be additive (on an 

order of magnitude basis). 
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Figure 8-1. Summary of Comparative Analysis. 
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Table 8-1 
Summary of Comparitive Analysis 

HR-3 Operable Unit 

ntena 

Compbance with Long Term Re uct10n m Short Term 

ARARs Effectiveness Toxicity, Effectiveness 
and Mobility, 

Permanence and Volume 

oor - om1um concentrations 
will exceed ambient water quality 
criteria in near-river wells and 
possibly in salmon spawning 
habitat. 

oor - rom1um concentrations 
will exceed ambient water quality 
criteria in near-river wells and 
possibly in salmon spawning 
habitat. 

oor - rom1um concentrations m atr - c rom1um w1 

groundwater will decrease due to immediately be prevented 

natural process, and may fall below from migrating towards river. 

AWQC . However, some 
environmental impacts due in 
installation of barrier wall . 

- c rom1um - c rom1um 
permanently removed from removed from system, 
system. IRM system could mobility limited by 
be expanded to meet groundwater extraction 
changing objectives . wells 

a.tr - om1um mass m air - everse osmosis - c rom1um air - po1en11 ns s 10 

groundwater will decrease, and system may not be effective removed from system, environment and to workers 

concentrations may fall below at removing chromium if mobility limited by are expected to be minimal , 

AWQC at river. ARARs must also groundwater discharge rates groundwater extraction but more land required for 

be met for disposal of removed are increased, and may wells sludge disposal . 

chromium and sludge from rcqu ire updating or 

membrane. replacement. 
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Table 8-2. Comparison of Capital, O&M, and Present Worth Costs 
- - - for the 100-D/DR Area. 

IRM Alternative Capital Costs O&M Costs Present Worth 

Period 
(years) 

12 GW-1 No $0 $0 $0 
Action 

12 GW-2 $0 $1,300,000 $960,000 
Institutional 
Controls/Co 
ntinued 
Current 
Actions 

12 GW-3 $11,000,000 $16,600,000 $23,000,000 
Containment 

12 GW-5 $2,600,000 $10,300,000 $10,200,000 
Removal, 
Treatment, 
Disposal 
Using Ion 
Exchange 

12 GW-6 $3,300,000 $20,400,000 $18,400,000 

Removal, 
Treatment, 
Disposal 
Using 
Reverse 
Osmosis 

5 GW5-5 $2,600,000 $7,400,000 $8,900,000 

Removal, 
Treatment, 
Disposal 
Using Ion 
Exchange 

Note: Cost assumptions are described in Appendix D. 
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__ Table 8-3. Comparison of Capital, O&M, and Present Worth Costs 
- for the 100-H Area. 

IRM Alternative Capital Costs O&M Costs Present 

Period Worth 
(years) 

12 GW-1 No Action $0 $0 $0 

12 GW-2 Institutional $0 $1,000,000 $950,000 

Controls/Continued 
Current Actions 

12 GW-3 Containment $3,900,000 $8,000,000 $9,900,000 

12 GW-5 Removal, $2,600,000 $11,200,000 $10,900,000 

Treatment, 
Disposal Using Ion 
Exchange 

12 GW-6 Removal, $7,100,000 $28,400,000 $28,200,000 

Treatment, 
Disposal Using 
Reverse Osmosis 

5 GW-5 Removal, $2,600,000 $7,900,000 $9,500,000 

Treatment, 
Disposal Using Ion 
Exchange 

Note: Cost assumptions are described in Appendix D. 
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APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREI\1ENTS -

Applicable or relevant and appropriate requirements (ARARs) in federal or state law must be met or 
waived for remedial actions as required by Section 121 of CERCLA. A component of an action's 
protectiveness is its ability to comply with ARARs. This appendix consists of a written discussion of major 
federal and state ARARs, followed by tables listing ARARs that are pertinent to interim remedial activities 
evaluated in the FFS. Identification of ARARs is directly impacted by characteristics of the site, 
contaminants present, and Remedial Alternatives developed; therefore, only specific sections of the 
regulations may be an ARAR. 

PRIMARY ARARS 

1. EFFLUENT DISCHARGE STANDARDS - REMOVAL, TREATMENT, AND DISPOSAL 
ALTERNATIVES 

The primary issue associated with the removal, treatment, and disposal alternatives would involve the 
return of treated groundwater to the aquifer. It is anticipated that this effluent may contain constituents 
above the MCLs (Constituents not being treated could remain above MCL's or constituents that are 
reduced in concentration through treatment but still not to MCLs), 40 Code of Federal Regulations (CFR) 
141. 

At CERCLA sites, RCRA Section 3020(b) allows discharge of hazardous or radioactive waste and/or 
effluent exceeding drinking water standards into injection wells provided that the reinjection: (1) is done 
pursuant to CERCLA or RCRA corrective action authority; (2) includes treatment of contaminated water to 
substantially reduce hazardous constituents prior to reinjection; and (3) the CERCLA or RCRA effort will, 
upon completion, be sufficient to protect human health and the environment. Reinjection of treated effluent 
would be allowable pursuant to RCRA Section 3020b). In a similar manner, and notwithstanding the 
general prohibition of 40 CFR 144.13(a), 40 CFR 144.13(c) allows injection of treated groundwater into 
the same formation from which it was drawn when such actions are done pursuant to CERCLA or RCRA 
authority. 

2. HAZARDOUS/DANGEROUS WASTE MANAGEI\1ENT STANDARDS 

The pump-and-treat technologies may generate RCRA hazardous waste. If so, substantive RCRA and 

WAC 173-303 standards would apply to the generated waste. 

The Resource Conservation and Recovery Act (RCRA) regulates the generation, transportation, storage, 
treatment, and disposal of hazardous waste. This law also provides authority for the cleanup of spills and 
environmental releases of hazardous waste to the environment as a result of past practices. Hazardous 
waste management regulations promulgated pursuant to RCRA are codified at 40 CFR 260 through 270. 
The regulations include chemical-specific standards for the designation of hazardous wastes, as well as 
standards for treatment of these wastes prior to disposal. Washington State Dangerous Waste Regulations 
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implemen1._the federal hazardous waste regulations and are administered by Ecology. RCRA requirements 

are applicable to those remedration activities that may generate, treat, store, or dispose of hazardous waste. 

Land disposal restrictions (LDRs), outlined in 40 CFR 268, identify hazardous wastes that are restricted 

from land disposal and prescribes treatment standards for such wastes. Applicable treatment standards 

would be met unless such wastes were disposed pursuant to the RCRA corrective action management unit 

regulations or a treatment waiver or variance were obtained. 

3. AIR STANDARDS 

Under 40 CFR Part 61, Subpart Hand WAC 246-247, radionuclide airborne emissions from all combined 

operations at the Hanford Site may not exceed 10 mrem/year effective dose equivalent to the hypothetical 

offsite maximally exposed individual. The WAC 173-460 establishes acceptable source impact levels for 

more than 500 carcinogenic acutely toxic air pollutants. 

The radionuclide emission requirements would apply to all fugitive, diffuse, and point source air emissions 

of radionuclides generated by the pump and treat technologies described in the removal, treatment, and 

disposal alternatives. If either the pump-and-treat technology or the containment technology alternatives 

generated an increase of toxic air pollutants to the atmosphere above the small quantity emission rates, 

implementation of Best Available Control Technology for Toxics (T-BACT) would be required. If 

radionuclides exist in the groundwater and emissions do not exceed small quantity emissions rates, 

Reasonably Available Control Technology would be required at a minimum. 

MISCELLANEOUS ARARS AND TO-BE-CONSIDERED REQUIRE1\1ENTS 

The Water Well Construction Act - 18.104 RCW promulgated at WAC 173-160 

The Standards for Construction and Maintenance of Wells (WAC 173-160) establishes a minimum standard 

for design, construction, capping, and sealing of all wells; sets additional requirements including 

disinfection of equipment, abandonment of wells, and quality of drilling water. All wells in the 100-HR-3 

Operable unit will comply with this standard. 

The National, Historic Preservation Act of 1966 - 16 USC 470 et seq. 

The National Historic Preservation Act requires that historically significant properties be protected. The 

Act requires that impacts posed to property listed on or eligible for inclusion on the National Register of 

Historic Places must be evaluated. The National Register of Historic Places is a list of sites, buildings, or 

other resources identified as significant to United States history. If facilities within the operable units are 

determined to be of historical significance, this Act is applicable to alternatives that may cause ground 

disturbance. 

The Archeologi.caJ. and Historic Preservation Act - 16 USC 469a 

This Act is similar to the National Historic Preservation Act but differs in that it mandates only 

protection of historic or archaeologic data and not the actual archaeologic or historical site. If activities in 
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connection with any federal project or federally approved project may cause irreparable loss to significant 

scientific, prehistorical, or ardieological data, the Act requires that the agency responsible for the project 

preserve the data. This Act requires that actions conducted at a waste site must not cause the loss of any 

archeological and historic data. There are known and potential archeological sites in the 100 Area. This 

Act is, therefore, applicable. 

The Endangered Species Act- 16 USC 1531 

The Endangered Species Act of 1973 establishes requirements to protect species threatened by 

extinction and habitats important to their survival. The Endangered Species Act is designed as a means for 

the conservation of flora and fauna that are threatened with extinction. Endangered species are identified 

under the Act as species that are in danger of extinction throughout all or a significant portion of their 

range. Threatened species are identified as species that are anticipated to be in danger of extinction within 

the foreseeable future. The Endangered Species Act provides for the designation of critical habitat, defined 

as "specific areas within the geographical area occupied by the (endangered or threatened) species ... on 

which are found those physical or biological features essential to the conservation of the species ... " This 

Act is applicable because some threatened and endangered species are residents or seasonal visitors with the 

100 Area. 

Floodplain/Wetlands Environmental Review Requirements 10 CFR 1022 

This regulation requires DOE and other federal agencies to comply with the requirements of 

Executive Order 11990 - Protection of Wetlands, and Executive Order 11988 - Floodplain Management. 

Executive Order 11988 requires DOE procedures to ensure that any action conducted in a floodplain shall 

consider alternatives to avoid adverse effects in the floodplains. Executive Order 11990 requires protection 

of wetlands from destruction. This regulation requires federal agencies to implement these considerations 

through existing federal standards, such as the National Environmental Policy Act. The U.S. Army Corp of 

Engineers has established a nationwide permitting program for actions that impact wetlands. Under 

CERCLA, onsite actions are not required to comply with administrative permit requirements of federal, 

state and local regulations; however, CERCLA actions must comply with substantive portions of the 

regulations. There are wetlands within the 100 Area operable units. The substantive requirements of these 

Orders are, therefore, relevant and appropriate. 

Department of Game State Environmental Policy Act Procedures - WAC 232-012 

The regulations include the State of Washington Department of Fish and Wildlife procedures for 

compliance with the Washington State Environmental Policy Act (SEP A). The Act requires that 

management plans be developed if threatened, endangered, or sensitive wildlife or habitat are affected by 

remedial actions at the site. Even though the majority of these requirements are administrative in nature, 

remedial activities are required to meet the substantive aspects of the regulation and to adhere to the goals 

of protecting and enhancing wildlife resources. Since state-listed threatened and endangered species have 

been identified in the 100 Area, this Act is applicable. The Washington State Department of Fish and 

Wildlife will be consulted to determine management policies and any mitigation that may be necessary to 

minimize ecological impacts. 
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The Hanford Reach Study Act is a TBC requirement that provides for a comprehensive river conservation 
study. It prohibits the construction of any dam, channel, or navigation project by a federal agency for 8 

years after enactment. New federal and nonfederal projects and activities are required, to the extent 
practicable, to minimize direct and adverse effects on the values for which the river is under study and to 
utilize existing structures. 

Radiation Protection of the Public and Environment - DOE Order 5400.5 

Radiation protection and radioactive waste management requirements issued under the Atomic 
Energy Act are implemented at DOE facilities as DOE Orders. Under CERCLA these standards are TBC 
for remedial activities because they are not promulgated regulations. 

DOE Order 5400.5, "Radiation Protection of the Public and Environment," establishes the standards 

and requirements for radiation protection of the public and the environment at DOE and DOE contractor 

facilities. This DOE Order defmes members of the public as persons not occupationally associated with the 
DOE facility or operations. However, this DOE Order is discussed because it presents exposure limits for 
airborne and liquid effluent that may be useful as comparisons to occupational limits. This DOE policy is 

to implement all legally applicable radiation protection standards, and to adopt or consider 
recommendations from authoritative organizations, such as the National Council on Radiation Protection 

and Measurements and the ICRP. This DOE policy also includes implementation of standards generally 

consistent with NRC for DOE facilities not subject to NRC regulation. 

The DOE Order applies the "As Low As is Reasonably Achievable" (ALARA) process to radiation 
protection. The ALARA process is not a dose-based limit, but a feasibility limit, in that exposures should 

be as far below applicable limits as practical. The feasibility limit should account for social, economic, 
technical, and public policy considerations. As part of the ALARA process, DOE operations monitor 

routine and non-routine exposure and assess the dose to members of the public. The ALARA process 
includes procedures for evaluating alternative operations and other factors to reduce radiation exposures. 

This DOE Order adopts radiation protection dose standards consistent with the 1977 ICRP guidance 

that has been adopted and implemented world wide by countries with nuclear programs. Dose limits 

presented in this DOE Order are expressed both in terms of effective dose equivalents (ICRP guidance) and 

dose equivalents to specific organs or whole body to be consistent with pre-1977 standards or public dose 

limits established by EPA for selected exposure pathways or sources. 

The DOE primary standard for allowable effective dose equivalent to members of the public in a 
year is 0.1 rem. The DOE-Headquarters is to be notified if an annual public exposure in excess of 

0.01 rem occurs or is anticipated to occur. This dose considers all exposure modes resulting from DOE 

activities. "Effective Dose Equivalent", developed by the ICRP, is calculated by the weighted summation 

of doses to various organs of the body. The O .1 rem effective dose equivalent in a year is the sum of all 
exposures from external sources plus the committed effective dose equivalent from · sources taken into the 

body during the year. The public dose limit does not include medical exposures, exposure resulting from 
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consumer products, residual fallout from past nuclear accidents and weapons tests, or naturally occurring 

radiation sources. -

The DOE Order 5400.5 identifies circumstances where supplemental limits or exceptions to the 

standards may be implemented. A temporary public dose limit higher than 0.1 rem, but not to exceed 0.5 
rem for the year, may be approved from the DOE Operations office in coordination with its Program 

Office. Situations identified by DOE that may warrant use of a supplemental standard include situations 

where remedial action would pose a clear and present risk to workers or members of the public using 

reasonable measures to reduce or avoid the risk. 

The DOE Order presents derived concentration guides (DCG) for conducting radiological 

environmental monitoring programs at DOE facilities. The DCGs are presented for three exposure modes: 

ingestion of water, inhalation of air, and immersion in a gaseous cloud. The DCGs are not designed as 
occupational intake limits. The DCGs for internal exposure are based on a committed effective dose 

equivalent of 0.1 rem/year for radionuclides taken into the body through ingestion or inhalation. The 

DCGs may be used for evaluating compliance to the drinking water limit of 0.004 rem/year by using 4% of 

the DCG for ingestion. The exposure conditions used for development of the ingestion and inhalation 
DCGs are presented with the DCGs in table format. 

The proposed DOE rule, Radiation Protection of the Public and the Environment (10 CPR 834), 

published in the March 23, 1993 Federal Register (58 FR 16268), promulgates the standards presently 

found in DOE Order 5400.5. The proposed rule retains the substantive portions of the DOE Order and 

differs from the existing DOE Order in format, enhanced emphasis on the ALARA process, and changes in 

the usage of DCGs. The proposed rule identifies DCGs not as "acceptable" discharge limits, but to be used 

as reference values for estimating potential dose and determining compliance with the requirements of the 

proposed rule. 
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Table A-1 Federal Chemical-Specific ARAR 

Alternatives 

Description Citation NR&A• Requirements Remarks Potentially 
Affected I 

Solid Waste Disposal Act, 42 U.S.C. 6901 et. seq Establishes the basic framework for federal 

as amended by the regulation of solid and hazardous waste. 

Resource Coosenatioo and 
Recovery Act (RCRA) 

Groundwater Protection 40 CFR 264. 92 A A facility shall not contaminate the Groundwater concentration limits in GW-S, GW-6 

> I 
00 

Standards (WAC 173-303-6 4S)1 uppermost aquifer underlying the waste this section do not exceed 

management area beyond the point of 40 CFR 141, except for chromium 

compliance, which is a vertical surface which has a limit of SO µg/L. 

located at the hydraulically downgradient 
limit of the waste management area that 
extends down into the uppermost aquifer 
underlying the regulated area . The 
concentration of certain chemicals shall not 
exceed background levels, certain specified 
maximum concentrations, or alternate 
concentration limits, whichever is higher. 

µg/1 

Arsenic so 
Chromium 50 

Lead so 
Silver 50 

•NOTE: A = Applicable R&A = Relevant and Appropriate 

'These are State of Washington r"gulatory citations which are equivalent to the Title 40 Code of Federal Regulations, Parts 264 and 268 as stated in Washington Administ~ative Code 173-303. 
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Table A-2 Federal Action-Specific ARAR 

Alternatives 

Description Citation A/R&A• Requirements Remarks Potentially 

. Affecte~ 

Federal Water Pollution 33 U.S.C. 1251 et seq. Creates the basic national framework for Applicable to discharges of pollutants 

Control Act (FWPCA), as water pollution control and water quality to navigable waters. 

amended by tbe Clean management in the United States. 

Water Act or 1977 (CWA) , 
The National Pollutant 40 CFR Part 122 A Part 122 covers establishing technology- Applicable if remediation includes GW-5, GW-6 

Discharge Elimination based limitations and standards, control of wastewater discharge; also applies to 

System (NPDES) toxic pollutants, and monitoring of effiuent to storm water runoff associated with 

assure limits are not exceeded. industrial activities. Effiuent 
limitations established by EPA and 0 

> I 
I.O 

included in NPDES permit. 

NPDES Criteria and 40 CFR 125.104 Best management practices program shall be 

Standards developed in accordance with good 
engineering practice. 

0 
0 tT1 
'"1 :;a 
~ :::-, t""' 

I 

tel I.O 
~ 
I 

Discharge of Oil 40 CFR Part 110 A Prohibits discharge of oil that violates Runoff from site will need control for GW-3 , 
applicable water quality standards or causes a oily waste discharge to waters of the GW-5 , GW-6 
sheen of oil on water surface. United States. 

0\ 

-..J '° u, --
Solid Waste Disposal Act Section 3020 A Allows reinjection of hazardous or Will allow reinjection of groundwater GW-5, GW-6 

t..J,,,t 
~ 

as amended by tbe radioactive waste exceeding drinking water after pump and treat technology. 

Resource Conservation and standards pursuant to (I) RCRA or CERCLA 

Recovery Act (RCRA) corrective action; (2) treatment to 

o-., 
.c:::, 
... 

substantially reduce hazardous constituents; -.:: 
(3) CERCLA or RCRA effort will protect 
human health and environment. 

.::..n 
r,..J 

Solid Waste Disposal Act 42 U.S.C. 6901 et seq. Establishes the basic framework for federal Hazardous waste generated by site 

as amended by the regulation of solid waste. Subpart C of remediation activities must meet 

Resource Conservation and RCRA controls the generation, RCRA generator and treatment, 

Recovery Act .(RCRA) transportation, treatment, storage, and storage, or disposal (fSD) 
disposal of hazardous waste through a requirements. 
comprehensive "cradle to grave" system of 
hazardous waste management techniques and 
requirements . 

Identification and 40 CFR Part 261 A Identifies by both listing and characterization, Applicable if remediation techniques GW-5, GW-6 

Listing of Hazardous (WAC 173-303-016) those solid wastes subject to regulation as result in generation of hazardous 

Waste hazardous wastes under Parts 261-265, 268, wastes. 
and 270. 



Table A-2 Federal Action-Specific ARAR 
I 

Alternatives 1 

Description Citation A/R&A• Requirements Remarks Potentially 
Affected 

Accumulation 40 CFR 262.34 A Allows a generator to accumulate hazardous Hazardous waste removed from the GW-5 , GW-6 

. lime ryJ AC 173-303-200) . waste onsite for 90 days or less without a 100 Area operable unites, and waste . 
permit , provided that all waste is treatment residues , are subject to the 

containerized and labeled. 90-day generator accumulation 

requirements if the waste is stored 

onsite for 90 days or less. If 
hazardous waste is stored for more · ' than 90 days, the full standards for 

TSD facilities must be met. 

Hazardous Waste 40 CFR 262.11 R&A Lists procedures and methods used to These methods would be pertinent to 

Determination characterize waste generated. shipment of hazardous waste. 

Hazardous Waste 40 CFR 262.14 R&A Lists procedures and methods used to These methods would be pertinent to 

> Determination characterize waste generated. shipment of hazardous waste. 

I -0 
Standards for Owners 40 CFR Part 264 Establishes requirements for operating Substantive requirements apply if 

and Operators of (YJAC 173-303) hazardous waste treatment, storage, and remediation technique results in 

Hazardous Waste disposal facilities . onsite treatment, storage, or disposal 

Treatment, Storage, of hazardous waste. 

and Disposal Facilities 

Land Disposal 40 CFR Part 268 A Establishes treatment standards that must be Applicable if RCRA hazardous wastes GW-5, GW-6 

Restrictions (LOR) (YJAC 173-303-140 met prior to land disposal. are land disposed. 

WAC 173-303-141) 

Hazardous Waste 40 CFR 263.30 Subpart C R&A · Establishes actions to be taken in the event of The appropriate, notification, All 

Discharges a hazardous waste discharge. documentation, and cleanup will be 
implemented 

Clean Air Act, as amended 42 U.S.C. 7401 et seq. A comprehensive environmental law 
designed to regulate any activities that affect 

air quality, providing the national framework 

for controlling air pollution. 

National Primary and 40 CFR Part 50 Sets National Ambient Air Quality Standards 

Secondary Ambient Air for ambient pollutants which are regulated 

Quality Standards within a region. 

Air Standards for 40 CFR 50.6 A Prohibits average concentrations of A potential for particulate emissions GW-5, GW-6 

Particulates particulate emissions in excess of exists during material handling or 

50 micrograms/m3 annually or treatment, including incineration. 

150 micrograms/m3 per 24-hr period. 



Table A-2 Federal Action-Specific ARAR 

Alternatives 1 

Description Citation A/R&A• Requirements Remarks Potentially 
Affected 

National Emissions 40 CFR Part 61 Establishes numerical standards for 

Standards for hazardous air pollutants 

Hazardous Air 
Pollutants (NESHAP) 

•NOTE: A = Applicable R&A = Relevant and Appropriate 
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Table A-3 State Action-Specific ARAR 

Alternatives 

Description Citation A/R&A• Requirements Remarks Potentially 
Affected 

Department or Ecology 43 .21ARCW Vests the Washington Department of Ecology 

with the authority to undertake the state air 

regulation and management program. 

Air Pollution WAC 173-400 Establishes requirements for the control Applicable if emission sources are 
I 

Regulations and/or prevention of the emission of air created during remedial action. 

contaminants. 

Standards for WAC 173-400-040 A Requires best available control technology be Applicable to dust emissions from GW-3 , 

Maximum used to control fugitive emissions of dust cutting of concrete and metal and GW-5, GW-6 0 
Emissions from materials handling, construction, vehicular traffic during remediation 0 

demolition, or any other activities that are 0 tI1 

> .... -
sources of fugitive emissions. Restricts ~ :;d 

I ~t;'"" - emitted particulates from being deposited 
N beyond Hanford. Require_s control of odors a:, 'D 

.J:,,. 

emitted from the source. Prohibits masking I 
O'I 

or concealing prohibited emissions. Requires -.J 

measures to prevent fugitive dust from 

becoming airborne. 

Emission Limits for WAC 173-480 Controls air emissions of radionuclides from Applicable to remedial activities that 

Radionuclides specific sources. result in air emissions. 

New and Modified WAC 173-480-060 A Requires the best available radionuclide Applicable to remedial actions that GW-3, 

Emission Units control technology be utilized in planning, result in air emissions. GW-5, GW-6 

constructing, installing, or establishing a new 

emission unit. 

Washington Clean Air Act RCW 70.94 

Controls for New WAC 173-460 Establishes systematic control of new sources 

Sou.recs of Toxic Air ·emitting toxic air pollutants. 

Pollutants 

Demonstrating WAC 173-460-080 A Requires the owner or operator of a new Applicable to remedial alternative GW-3, 

· Ambient Impact source to complete an acceptable source with the potential to release toxic air GW-5 , GW-6 

Compliance impact level analysis using dispersion pollutants. 

modeling to estimate maximum incremental 

ambient impact of each Class A or B toxic 

air pollutants. Establishes numerical limits 

for small quantity emission rates. 

. 
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Description Citation 

Hazardous Waste 70.105 RCW 

Management Act of 1976 
as amended in 1980 and 
19831 

Dangerous Waste WAC 173-303 
Regulations 

Solid Waste Management 70.59 RCW 

Act 

Minimum Functional WAC 173-304 
Standards for Solid 
Waste Handling 

Onsite WAC 173-304-200 
Containerized 
Storage, 
Collection, and 
Transportation 
Standards 

Water Well Construction 18. 104 RCW 

Act 

Standards for WAC 173-160 

Construction and 
Maintenance of Wells 

•NOTE: A = Applicable R&A = Relevant and Appropriate 

Table A-3 State Action-Specific ARAR 

Alternatives ' 

A/R&A• Requirements Remarks Potentially I 
Affected 

Establishes a statewide framework for the I 
planning, regulation, control, and 
management of hazardous waste. 

Establishes the design, operation, and Includes requirements for generation 
monitoring requirements for management of of dangerous waste. Dangerous f 
hazardous waste. waste includes the full universe of 

wastes regulated by WAC 173-303 
including extremely hazardous waste. 

Establishes a statewide program for solid Applicable if management of solid 

waste handling, recovery, and/or recycling. waste occurs during remediation. 
Solid waste controlled by this Act 
includes garbage, industrial waste, 
construction waste, ashes, and swill. 

Establishes requirements to be met statewide 
for the handling of all solid waste. 

R&A Sets requirements for containers and vehicles GW-3 , 

to be used onsite; requires monthly GW-5, GW-6 
inspections and retention of inspection 
records for at least two years . 

A Establishes minimum standards for design, Applicable if water supply wells, GW-2, 

construction, capping, and sealing of all monitoring wells, or other wells are GW-3 , 
wells; sets additional requirements including utilized during remediation. GW-5, GW-6 
disinfection of.equipment, abandonment of 
wells, and quality of drilling water. 

'The Hazardous Waste Management Act and regulations pursuant to the Act provide the statutory and regulatory basis for state authorization to implement RCRA. State of Washington regulations that are equivalent 

to RCRA regulations are cited in brackets in the federal ARARs. The WAC 173-303 regulations cited in this section are those judged to be more stringent than RCRA regulations. 
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Description 

Archaeological ~d 
Historical Preservation Act 
of 1974 

Endangered Species Act of 

1973 

Fish and Wildlife 
Services List of 
Endangered and 
Threatened Wildlife 
and Plants 

Historic Sites, Buildings, 
and Antiques Act 

National Historic 
Preservation Act of 1966, 
as amended. 

Solid Waste Disposal Act, 

as amended by the 
Resource Conservation and 
Recovery Act (RCRA) 

Floodplains 

. 

Endangered Species 

Citation 

16 u.s.c. 469 . 

16 U.S .C. 1~31 et seq. 

50 CFR Parts 17, 222, 
225 , 226, 227,402,424 

16 u.s.c. 461 

16 U.S.C. 470 el seq. 

42 U.S.C. 6901 et seq. 

40 CFR 257.3-1 

40 CFR 275 .3-2 

Table A-4 Federal Location-Specific ARAR 
' 

A/R&A• Requirements Remarks 
Alternatives I 
Potentially 
Affected I 

A Re_quires action to recover and preserve Applicable when remedial action GW-2, 

artifacts in areas where activity may cause threatens significant scientific, GW-3, 

irreparable harm, loss, or destruction of prehistorical, historical , or GW-5, GW-6 

significant artifacts. archeological data. 

Prohibits federal agencies from jeopardizing ' threatened or endangered species or 

adversely modifying habitats essential to their 

survival. 

A Requires identification of activities that may Requires consultation with the Fish GW-3, 

affect listed species. Actions must not and Wildlife Service to determine if GW-5, GW-6 

threaten the continued existence of a listed threatened or endangered species 

species or destroy critical habitat. could be impacted by activity. 

A Establishes requirements for preservation of GW-3, 

historic sites, building, or objects of national GW-5, GW-6 

significance. Undesirable impacts to such 

resources must be mitigated. 

A Prohibits impacts on cultural resources. Applicable to properties listed in the GW-3, 

Where impacts are unavoidable , requires National Register of Historic Places, GW-5, GW-6 

impact mitigation through design and data or eligible for such listing. 

recovery .. 

Establishes the basic framework for federal 

regulation of solid and hazardous waste. 

A Prohibits facilities or practices in floodplains GW-3, 

from restricting the now of the base flood , GW-5, ~W-6 

reducing the temporary water storage 

capacity of the floodplain , or causing 

washout of solid waste, so as to pose a 

hazard to human life, wildlife, or land or 

water resources. 

A Prohibits facilities or practices from causing GW-3 , 

or contributing to the taking of any GW-5 , GW-6 

endangered or threatened species of plants, 

fish, or wildlife. Prohibits destruction or 

adverse modification of habitat of endangered 

or threatened species. • 



Table A-4 Federal Location-Specific ARAR 
I 

Alternatives ' 

Description Citation NR&A• Requirements Remarks Potentially I 
Affected 

Wild and Scenic Rivers 16 u.s.c. 1271 R&A Prohibits federal agencies from The Hanford Reach of the Columbia GW-3, I 

Act recommending authorization of any water River is under study for inclusion as GW-5, GW-6 

resource project that would have a direct and a wild and scenic river. 

adverse effect on the values for which a river 

was designated as a wild and scenic river or 

included as a study area. 

•NOTE: A = Applicable R&A = Relevant and Appropriate 



> I -O'I 

Description 

t Buffer Zone for Hahita 
Bald E agle Rules 

Id Eagle Protection Ba 
Ru les 

tiug the Taking or Regula 
Possess ing or Game 

dangered, En 
Th 
Se 
Spe 

rcatened, or 
nsitivc Wildlife 

cics Classification 

Citation 

RCW 77.12.655 

WAC 232-12-292 

RCW 77. 12.040 

WAC 232-12-297 

: A = Applicable, R&A = Relevant and Appropriate 

I 

' 
Table A-5 State Location-Specific ARAR 

Alternatives 

NR&A• Requirements Remarks Potentially t, 
Affected 0 

t, tI1 .., -~ ~ 
:::>t""' 

I 

A Prescribes action to protect bald eagle Applicable if the sites of remedial GW-3, tx:i \0 

""" habitat, such as nesting or roost sites, activities includes bald eagle habitat. GW-5, GW-6 I ., 
O'I 

through the development of a site -..J 

management plan. 

A Prescribes 3:ction to protect wildlife classified Applicable if wildlife classified as GW-3, 

as endangered, threatened , or sensitive, endangered, threatened, or sensitive GW-5, GW-6 

through development of a site management arc present in areas impacted by 
~ 

plan. remedial activities. 

• 



Table A-6 To be Considered (TBC) Requirements 

Alternatives I 
Description Citation Requirements Remarks Potentially 

I Affected 

. 
Solid Waste Disposal Act, 42 U.S .C. 6901 et seq. 

as amended by RCRA 

Corrective Action for 40 CFR 264 Subpart S, Establishes requirements for investigation and GW-5, GW-6 

Solid Waste proposed corrective action for releases of hazardous waste 

Management Units from solid waste management units. 

U.S. Department or 
Energy Orders 

Radiation Protection of DOE 5400.5 Establishes radiation protection standards for the 

the Public and the public and environment. 

Environment 

> I --...J Radiation Dose Limit DOE 5400.5, Chapter 11, The exposure of the public lo radiation sources as Pertinent if remedial activities are All 

(All Pathways) Section la a consequence of all routine DOE activities shall "routine DOE activities. • 

not cause, in a year, an effective dose equivalent 
greater than 100 mrem from all exposure 
pathways, except under specified circumstances. 

U.S. Department or 
Energy Orders . 

Radiation Protection of DOE 5400.5 Establishes standards and requirements for All 

·the Public and the operation of DOE and DOE contractors --Environment respecting protection of the public and the 
environment against undue risk of radiation. 

Floodplains/Wetlands 10 CFR Part 1022 Requires federal agencies to avoid, lo the extent 
\ 

Pertinent if remedial activities take place GW-3, 

Environmental Review possible, adverse effects associated with the in a floodplain or wetlands. GW-5, GW-6 

development of a floodplain or the destruction or 
loss of wetlands. 

Hanford Reach Study P.L. 100-605 Provides for a comprehen~ive river conservation This law was enacted November 4, 1988. GW-3, 

Act study. Prohibits the construction of any dam, GW-4, 

channel, or navigation project by a federal GW-5, GW-6 

agency for 8 years after en·aclmenl. New federal 
and non-federal projects and activities are 
required, to the extent practicable, to minimize 
direct and adverse effects on the values for which 
the river is under study and to utilize existing 
structures. 
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1.0 GROUNDWATER REMEDIAL ALTERNATIVE DESCRIPTIONS 

The alternatives considered for treatment of the 100 Area groundwater operable unit were developed 

and screened in the 100 Area Feasibility Study Phases 1 and 2 (DOE-RL 1994a). This appendix presents 

detailed descriptions of each groundwater alternative retained from the 100 Area FS for more detailed 

analysis. The descriptions for these alternatives (referred as the general alternatives) are expanded from the 
information presented in the 100 Area FS and are modified, as needed, to reflect new information gathered 
since preparation of the FS. These alternative descriptions will be modified, as needed, to reflect site • 
specifics in the individual operable unit FFS. 

1.1 ALTERNATIVE GW-1 

1.1.1 Description 

Alternative GW-1, the no action alternative, is required by the NCP to serve as a baseline for the 
evaluation of oth~r alternatives. The no action alternative may be selected for sites where contamination 
does not exceed the level of unacceptable risk, where site contamination is in compliance with ARAR, 
where short-term risks associated with the remedial action exceed the risk of no action, or where the cost of 
remediation is excessive compared to the benefit gained in risk reduction. The no action alternative 
assumes no further action at a site. For example, no action for the groundwater operable unit consists of 
continued existing groundwater monitoring events. The contamination is allowed to dissipate through 
natural attenuation processes. For radionuclides, this is mainly natural radioactive decay. The 
effectiveness of the natural attenuation process is related to the half-life of the radionuclide and the affinity 
of the radionuclide to sorb to the Hanford soils. For other contaminants, such as chromium, the major 
attenuation factor is advection/dispersion, which depends on natural groundwater flow and the river 
flushing action to reduce concentrations. 

1.2 ALTERNATIVE GW-2 

A single alternative has been developed for the general response action (GRA) of institutional 
controls (designated Alternative GW-2). The remedial technologies and associated process options specified 
for this alternative in the 100 Area FS Phases 1 and 2 (DOE-RL 1994a) have been modified. Based on the 
requirement to consider only the recreational use scenario, identification of an alternate water supply for 

residential, industrial, or agricultural use is no longer necessary. Therefore, the institutional controls 
proposed to prevent access to contaminated groundwater plumes beneath the 100 Area are as follows: 

• Access restrictions 
Deed restrictions 
Water rights. restrictions 

• Monitoring 
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Groundwater monitoring. 

1.2.1 Description 

The institutional controls alternativ~ for groundwater involves restricting access to contaminated sites 

within the 100 Area. The restrictions included in this alternative are unique to groundwater media. Types 

of restrictions are defined as follows. 

• Deed restrictions may be established to place limitations on groundwater use. These 

limitations could specify restrictions on acceptable groundwater uses and may take the form 

of covenants that limit activities resulting in human contact. Deed restrictions may include a 

prohibition on groundwater use or less stringent limitations on use for off-site farming and 

industrial activities. 

• Water rights restrictions limit access to contaminated groundwater. The water rights 

restrictions could be imposed by deed restrictions, as discussed above, or by designated use, 

should the title to the 100 Area remain with the federal government. Water-rights 

restrictions merely designate the acceptable use of 100 Area groundwater (if at all) for 

recreational use, such as temporary drinking water. This action may require an additional 

change in water rights administration to be effective. At this time, no state water rights 

restrictions are necessary if consumptive use is less than 5,000 gal/day (Washington 

Administrative Code [WAC] 173-160-040). 

In addition to restricting groundwater use and access to groundwater, the institutional action 

alternative also includes groundwater and environmental monitoring. Monitoring will be required to 

determine if and when institutional controls to restrict access to groundwater are no longer necessary. 

Institutional control are assumed to be in place during the period of DOE control. After DOE 

release of the site, deed and water rights restrictions can be implemented to prevent access. 

**** 

1.3 ALTERNATIVE GW-3 

Alternative GW-3 has been developed as a containment GRA. The objective of Alternative GW-3 is 

to eliminate source to receptor pathways by preventing migration of contaminated groundwater to 

environmental resources, such as the Columbia River, and preventing further migration of contaminated 

groundwater outside the operable unit. In order to achieve this objective, Alternative GW-3 is designed to 

isolate and contain existing contaminant plumes. Through the use of cutoff walls and extraction/injection 

wells, contaminant plumes would be contained to prevent migration and isolated to prevent further 

contamination of the unconfined aquifer. In addition to containment and isolation of contaminant plumes, 

this remedial action would be implemented to minimize overall effects on the general hydrologic conditions 

of the unconfined aquifer. The containment alternative objectives must be maintained until natural 

attenuation reduces concentrations to acceptable levels or until alternate cleanup standards can be negotiated 
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and agreed upon by the parties to the Tri-Party Agreement. Contaminants that are persistent in the 

environment especially may require additional remedial action or determination of alternate cleanup levels. 

1.3.1 Baseline Description 

Alternative GW-3 was initially developed in the 100 Area FS Phases 1 and 2 (DOE-RL 1994a). 

The alternative initially developed forms the baseline from which modifications are made for application to 

the 100-HR-3 Operable Unit. The baseline description of this alternative is based on the remedial • 

technologies and associated process options specified in the 100 Area FS for containment of contaminated 

groundwater plumes beneath the 100 Area: 

• vertical barriers: 
cutoff walls 

• hydraulic control: 
extraction wells 
injection wells (as necessary) 

• monitoring: 
groundwater monitoring. 

1.3.1.1 Cutoff Wall Options. The baseline description of this alternative includes several subsurface 

barrier (cutoff wall) technologies that are pot~ntially applicable in the 100 Area. A cutoff wall is a 

subsurface barrier designed to prevent the flow of contaminated groundwater. Several cutoff wall 

technologies are available that may be applicable in the 100 Area depending on site-specific conditions and 

requirements. Each technology has advantages and disadvantages based on the specific applications. 

Therefore, no one specific cutoff wall technology will be universally applicable in the 100 Area. The 

cutoff wall 
technologies considered potentially applicable in the 100 Area are: 

• slurry wall 
• deep soil mixing 
• sheet piling 
• injection grouting. 

The specific cutoff wall technology selected to represent the containment alternative will be 

determined on an operable unit-specific basis. In this manner, the cutoff wall technology most applicable to 

operable unit site-specific conditions and requirements can be specified. 

In situations where subsurface barriers may not be applicable due to technical limitations such as 

wall depth requirements, hydraulic control measures may be specified as the method of contaminant plume 

containment. Hydraulic control provides containment by extraction of contaminated groundwater from the 

downgradient front of the plume followed by reinjection in the upgradient portion of the plume. 
Continuous extraction and injection can effectively isolate contaminant plumes, but are considered operating 
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and maintenance intensive compared to vertical barriers. This method of containment would only be used 
in situations where the use of a subsurface barrier is not applicable. This alternative. does not represent a 
complete solution for persistent contaminants but is consistent with the IRM approach and with the final 

remedy. 

1.3.1.1.1 Slurry Walls. Typical slurry wall construction involves trench excavation under a slurry. 
The slurry provides hydraulic shoring to maintain the integrity of the trench while at the same time forming 
a low permeability filter cake on the trench walls that prevents fluid loss into the surrounding soil. Once a 
portion of the trench has been excavated to depth, a backfill material is added. In this manner, excavation 
and backfilling occur simultaneously until the wall is complete. The completed wall is designed to be less 
permeable than the surrounding native soil and thereby forms a barrier to groundwater flow. 

Backfill materials commonly used in slurry wall construction include mixtures of bentonite slurry 
and soil, or mixtures of cement, bentonite, and water. Slurry walls constructed of soil/bentonite are 
generally the least permeable, least susceptible to contaminant degradation, and least expensive (Spooner et 
al. 1985). Slurry walls constructed of cement/bentonite are generally easier to install, provide more 
strength, and can be installed to greater depths (Spooner et al. 1985). 

The depth of a slurry wall is dependent on the depth of the aquitard beneath the contaminant plume. 
To ensure effective containment of contaminant plumes, slurry walls must be keyed-in to a low 
permeability or aquitard zone beneath the aquifer. In the case of the 100 Area, this aquitard may be a silty 
sand zone that separates the coarse sand and gravel zones in the unconfined aquifer or a paleosol/overbank 
deposit at the base of the unconfined aquifer. However, if contaminant plumes extend throughout the 
Ringold aquifers, the clay, silt, and fine sand of the Ringold lower mud unit ("Blue Clay") may be the 
nearest aquitard. In any case, the required depth of the slurry wall will depend on the nearest aquitard. 

Filter cake formation regulates the amount of slurry lost to the surrounding soils. Formation of the 
filter cake depends on the permeability of the soil, pore size, type of slurry, and any additives used. In 
gravel beds, which allow groundwater velocities of 1 to 10 cm/sec, the pores are too large to be easily 
closed. Fines, such as sand, are used in these cases to assist pore space blockage. Slurries are typically 
mixed with up to 10% fines to assist formation of the filter cake. The Hanford formation is classified as a 
sandy gravelly unit with a water movement rate of about 0.1 cm/sec (DOE-RL 1993b). Generally, a 
bentonite/soil slurry would be chosen because of its low permeability; however, sand or other fines may be 
added to the slurry to increase filter cake formation. Testing must be done on the specific soil conditions 
to determine the need to add fines. 

The equipment used for excavating slurry wall trenches is also dependent on the required wall depth 
and the former is limited by the maximum digging depth capabilities of the machinery. In general, long
reach type backhoe equipment can provide excavation depth up to approximately 24 m (80 ft) (Spooner et 
al. 1985). Draglines or clamshell excavation equipment is typically required for depths > 24 m ( > 80 ft) 
(Spooner et al. 1985). The presence of large rock or boulders can present problems during the 
implementation phase. The potential for large boulders is reduced by placing the wall as close to the river 
as possible because the Hanford formation has often been eroded in this area. Most of the large boulders 
are associated w1th the Hanford formation; the Ringold Formation generally does not contain these 
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boulders. By placing the barrier close to the river, the effectiveness is increased and the need to excavate 
through the Hanford formation is minimized. 

Slurry preparation and placement generally requires raw material areas, mixing equipment, transport 
equipment, storage ponds, and cleaning equipment. Raw materials required for a slurry mixture include 
water, bentonite, cement (if specified), and soil (engineered if necessary). Formation of the slurries can be 
accomplished with venturi (flash) mixers or paddle (vortex) mixers (Spooner et al. 1985). Storage ponds 
provide surge capacity for continuous application of slurry into excavation trenches. Pumps, pipes, valves, 
hoses, and other associated fitting and tools are required to move the slurry from mixing area to the storage 
pond or from storage pond to the excavation. 

Backfill preparation and placement also requires raw materials storage, mixing, transport, and 
placement equipment. Backfilling is generally less complicated than slurry preparation and placement. 
Raw materials include bentonite, soil, and cement (if necessary). Mixing is generally carried out with 
bucket loaders or bulldozers, but can also be accomplished mechanically with a pugmill. Initial placement 
of backfill in the trench requires a clamshell to lower the material to the bottom. This prevents segregation 
of backfill particles and entrapment of slurry pockets with the backfill (Spooner et al. 1985). Thereafter, a 
bulldozer or bucket loader can simply push backfill into the trench. 

Should future removal of the slurry wall be required, the wall can be excavated, drilled and perforated, or 
broken by blasting in order to allow groundwater movement through the barrier similar to initial conditions 
(prior to remedial action). 

1.3.1.1.2 Deep Soil Mixing. Deep soil mixing is a commercially available technology for 
construction of vertical barriers with properties similar to slurry walls. The deep soil mixing technique 
uses a crane-mounted boring/mixing tool containing injection nozzles. The tool is initially driven into the 
soil formation to the required cutoff wall depth. The tool is then partially withdrawn (approximately half 
the cutoff wall depth) to begin injection of slurry material. As injection continues the tool is driven back 
down to the required cutoff wall depth. Injection is continued until the tool is completely withdrawn. The 
tool mixes the slurry and soil throughout the injection process. The slurry materials selected for injection 
are typically cement, bentonite, or cement-bentonite mixtures, depending on the required permeability. The 
cutoff wall is formed by installation of a continuous series of overlapping columns. 

The primary advantage of deep soil mixing is that the technique does not require removal of 
contaminated soil. Mixing occurs in the subsurface without exposing workers and the environment to 
contaminated soil and groundwater. The technique essentially eliminates disposal requirements, handling 
contaminated materials, as well as worker and environmental exposures. 

The operational depth of deep soil mixing is dependent on the equipment specifications and the 
geologic formation in which the cutoff wall is to be installed. The deep soil mixing method performs 
poorly in formations with boulders. The presence of large rock or boulders ( > 18") in the Hanford 
formation can present problems during implementation. Large boulders can be removed by pre-excavation 
or worked around by offsetting the columns. A typical deep soil mixing system requires and area of 130' x 
50' to accommodate set up and tear down the crane. Operation of the system also requires an on-site 
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support area and an adjacent equipment decontamination pad. The soil formation must be able to support 

the system-(crane and mixing tool), approximately 15 pounds per square foot. 

Removal of the deep soil mixed barrier would be accomplished in the same manner as the slurry wall. 

1.3.1.1.3 Sheet Pile. Sheet piling is a commercially available technology that has been widely used 

for earth retaining structures such as dock walls bulkheads, river walls piers and dry dock walls . The 

technology has more recently become used for contaminated groundwater control as seepage cutoff walls. 

Sheet steel piling consists of hot-rolled steel sections provided with clutches or interlocks for connecting • 

successive piles to one another such that a continuous wall can be formed . The sheet piles are usually 

driven in pairs using hammers of the double acting type or diesel hammers. The driving of each new sheet 

is started once the neighbor sheet has been about one-third driven. Since the sheet pile is assumed not to 

undergo bending moments, the anticipated soil resistance to be overcome during driving will determine the 

thickness of steel required in the cross section, as well as the quality of steel from which the piles should 

be manufactured. The interlock (or annulus) between sheet piles is completely soil tight and can be 

injected with a sealant (such as grout) to ensure an appropriate impermeability. 

Characteristics of the geologic formation can impose some limitations in the applicability of the 

sheet pile technique. Splitting the web during driving is not uncommon, particularly when obstructions or 

dense granular soils are being penetrated. Driving sheet piles becomes difficult and often times 

impracticable in formations which contain large boulders. Corrosion is another factor to be taken into 

consideration when evaluating the use of sheet pile cutoff walls. Groundwater chemistry will have the most 

significant impact on corrosion of a sheet pile wall, however, a protective coating can be applied if 

necessary. Depth limitations exist for the sheet pile technology with walls currently extending < 30 m (100 

ft) in depth. 

The sheet pile wall can be removed by pulling the sheets out under vibration. This process is more 

difficult when the joints are grouted. A sheet pile wall is being designed for N Springs. Information from 

this application should be useful for the other 100 Area groundwater operable units . If this information is 

not available in time to meet the schedules for groundwater IRM, then additional testing of the 

implementability of the sheet pile wall may be necessary in conjunction with a geotechnical investigation. 

1.3.1.1.4 Jet Grouting. Grouting technology has wide applications in engineering practice. Grout 

curtains are typically used as containment barriers to control seepage through dam foundations, protect 

excavations conducted under groundwater level, and prevent contaminant migration. Injection grouting has 

also been used for other engineering applications such as soil improvement, pre-stressing of rock and lifting 

and leveling of structures. Grout injection is a technique used to force grout into voids and fissures of a 

soil formation to obtain a desired property, such as reduced permeability. 

Jet grouting typically involves drilling boreholes into a formation and then injecting grout under 

pressure until the voids around the injected section are filled to satisfy a specified design condition. The 

properties of the grout vary with the application, and often times a combination of different grouts are 

selected based on the specific characteristics of the site. Grouting consists of the following sequence of 

operations (Nonveiller 1989): 
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• __ _ drilling injectio~ boreholes in a predetermined arrangement and depth 

• preparation, proportioning, weighing and mixing of the selected grout suspension 

• injecting the prepared suspension into the designated section of the borehole such that soil 
voids are filled. 

The spacing of the injection holes is based on the results obtained from test grouting plots injected at 
the site. Rotary or percussion rotary drilling rigs are used for drilling the injection holes. Rotary • 
percussion drill rigs can be used for depths up to 180 m (500 ft) with drilling speeds of 20 m/h (66 ft/h) 
(Nonveiller 1989). Rotary percussion is considered the most suitable drilling method in Hanford formation 
due to the potential for subsurface boulders. 

The appropriate grouting compound for a specific project is dependent upon the characteristics and 
properties of the geologic formation in which the cutoff wall is to be installed. Thick cement, clay and 
bentonite suspensions are typically recommended for the grouting compounds used for uniform medium 
sand and gravel (Nonveiller 1989). Other suspensions such as clay cement, bentonite gel and clay gel are 
used in similar applications. Treatability studies would be required to determine the optimum grouting 
compound for use in the geologic formation of the 100 Area. 

The efficiency of injection grouting depends on the maximum pressure at which a grouted section of 
a borehole will become saturated. Low saturation pressures will permeate only a small volume of the soil 
whereas high pressures will cause hydrofracturing. The injection pressure must always be higher than the 
overburden stress at the level of injection. Formulae to calculate injection pressures are provided in 
literature (Nonveiller 1989). 

In granular soils, the discharge of grouting decreases as the injection process takes place (at constant 
injection pressure). This decrease in permeability is a function of three parameters: the grain size of solids 

elements of the grout, the percentage of dry materials, and the state of flocculation (Winterkom and Fang 
1975). Laboratory experiments have demonstrated that slightly loaded grouts would more easily penetrate a 
soil than a highly loaded grout. Therefore, engineering practice shows that the cement quantity should be 
minimized to obtain the desired resistance into the soil. Stability of the grout can be ensured by low 
percentages of ultracolloidal clay (i.e., bentonite). Typical cement-bentonite grouts used to form low 
permeability soils will contain approximately 170 kg (374 lb) of dry materials for 1 m3 (35 cu ft) grout. 

The state of flocculation is also a parameter of concern. A stable suspension penetrates the soil 

more easily when it contains few grains or when the diameters of the grains is small. This means that 
slightly loaded grouts without any cement (i.e., clay and bentonite grout) are used for impermeability 
requirements. Clay or bentonite should be dispersed in the grout as elementary grains and not in 

flocculated form. 

The total grout volume necessary is based on the void volume of the soil. However, the radius of 
grout flow is typically irregular and usually involves significant losses of grout into unintended areas of the 
formation. Permeable formations, such as Hanford formation, can result in large losses of grout if the 

grouting selection has not been carefully planned. 
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The depth limitation of injection grouting is that of the drilling and pressure unit devices. Depths of 

up to 200 in(65oft) have been reported in literature (Nonveiller 1989). 

The grout wall is likely the hardest to remove; the method of removal would be the same as the 

slurry wall and deep soil mixed barrier. 

1.3.1.2 Containment System Configuration. The containment response action can be implemented in a 

number of different ways. The optimum number and location of cutoff walls and extraction/injection wells 

required to contain contaminant plumes in the 100 Area will be determined by hydrologic modeling. • 

Cutoff walls can be constructed to completely surround contaminant plumes; to divert uncontaminated 

groundwater around contaminant plumes; or to prevent migration of contaminant plumes. Extraction wells 

can be operated to produce an artificial gradient that stagnates movement of contaminant plumes, to 

intercept uncontaminated groundwater before contacting contaminant plumes, or to intercept contaminated 

groundwater movement around the barrier. In general, the combination of cutoff walls and 
extraction/injection wells will be located such that contaminated groundwater plumes are isolated and 

contained. 

It is assumed for purposes of this FS that the containment alternative is implemented as follows: 

cutoff walls would be built to prevent migration of contaminant plumes; groundwater extraction wells, if 

necessary, would be placed to intercept contaminated groundwater at the ends of the wall; and injection 

wells would be placed to minimize the effects on the overall hydrologic conditions of the unconfined 

aquifer, if necessary . The baseline concept of Alternative GW-3 is presented graphically in Figure 4-1 . 

All the barrier options are assumed to have expected useful lines much greater than the IRM period. 

1.3.1.3 Disposal Distances and Location. Wastes requiring disposal may result from drilling activities 

and/or construction of the cutoff walls. Slurry wall construction would result in generation of more 

significant quantities of waste than the other cutoff wall technologies. During slurry wall construction, the 

addition of slurry agents results in a net excess of soil. Approximately 33 % of the total excavated volume 

for a soil-bentonite wall and up to 60% for a soil-bentonite-cement wall would require disposal (Spooner et 

al. 1985). To minimize the volume of contaminated soil produced, materials could be segregated so that 

the uncontaminated vadose zone soil would make up most of the excess soil. 

Radiologically and/or chemically contaminated soils will be transported by truck or rail to the 

ERD F, W-025, or another site for disposal. It is anticipated that all wastes will meet ERD F waste 

acceptance criteria only preliminary guidelines for waste acceptance criteria have been identified in the 

ERDF conceptual design reports. 

Liquid waste disposal is not applicable to Alternative GW-3. Although hydraulic control 

(extraction) wells may be used to remove groundwater to stop contaminant migration around the ends of the 

wall, this water would be reinjected into the aquifer in a recycle loop. 

1.3.1.4 Monitoring. The containment-action alternative also includes groundwater and environmental 

monitoring. Monitoring will be required to evaluate the long-term effectiveness of slurry walls and provide 

information to base subsequent decisions regarding the continued need for containment actions. 
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1.4 ALTERNATIVE GW-4 

A single alternative has been developed for the in situ treatment GRA (designated GW-4). The 

remedial technologies and associated process options selected in the 100 Area FS Phases 1 and 2 (DOE-RL 

1994a) for in situ groundwater treatment are: 

• biological treatment: 
biodenitrification (nitrates) 

• physical treatment: 
air sparging (this may be combined with soil vapor extraction (SVE) to eliminate 

venting organics to the atmosphere) 

• monitoring: 
groundwater monitoring. 

1.4.1 Objective 

The objective of Alternative GW-4 is to eliminate source to receptor pathways by in situ remediation 

of contaminated groundwater plumes. In order to achieve this objective, Alternative GW-4 is designed to 

eliminate nitrate and organic contaminated groundwater in situ. Biodenitrification and air sparging are the 

in situ treatment technologies specified to remove nitrate and volatile organic compound (VOC) 

contamination, respectively. Other in situ treatment technologies such as biodegradation may be required 

on a case-by-case basis to remove semi- or non-volatile organics that may also be present in contaminated 

groundwater plumes. It is noted here that the objective of this alternative will not be completely satisfied 

due to limitations in the current status of in situ remedial technologies. Currently there are no proven or 

innovative in situ treatment technologies capable of reducing or eliminating the health and environmental 

risks from metals and radionuclides. 

1.4.2 System Configuration 

Although nitrates are expected at each of the 100 Area groundwater operable unit, the location of 

organic contamination is not as well defined. The LFI for the groundwater operable unit describe the 

contamination present in 100 Area groundwater. 

Air sparging and biodenitrification systems can be implemented in several different ways. Each 

system requires an injection well system to ensure treatment encompasses the entire plume. Extraction well 

systems are generally not necessary since treatment occurs below ground. However, extraction wells can 

be used to facilitate treatment or satisfy regulatory requirements. In situ air sparging systems can utilize 

extraction wells (i.e., soil vapor extraction) to prevent VOC from venting into the atmosphere (potential 

regulatory requirement) or to facilitate vertical migration of volatilized contaminants. In situ 
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bioremediation systems utilize _:xtraction wells to facilitate effective mixing of nutrients, microbes, and 

contaminants. 

The size and configuration of Alternative GW-4 treatment systems will be determined by the extent 

of nitrate and organic contamination in 100 Area groundwater. Optimizing the number and location of 

treatment systems will be determined by hydrologic modeling. Optimizing operating parameters of the 

treatment systems will be determined by laboratory and pilot-scale testing as well as treatability studies. 

1.4.3 Unit Operations 

The concept of in situ treatment technologies specified for Alternative GW-4 are presented 

graphically in Figure B-2. Process operations, equipment requirements, and design considerations are 

described below. 

1.4.3.1 In Situ Biodenitrification. Development and demonstration of in situ bioremediation of nitrates 

and carbon tetrachloride by indigenous microbes in Hanford groundwater is currently ongoing (Skeen et al. 

1993). The process under development involves stimulating indigenous microorganisms to reduce nitrates 

to nitrogen gas during metabolization of organic carbon. To facilitate this process for remediation of 100 

Area nitrate plumes, additions of nutrients (e.g. phosphorus) and a carbon source (acetate or methanol) may 

be required. The denitrification process is chemically represented according to the following simplified 

reaction: 

NO/ 
Bacterial Metabolic Process 

-+ N2t 

The in situ biodenitrification process proposed involves a combination of extraction and injection 

wells. Placement of these wells is specified such that a closed pumping circuit is developed between 

extraction and injection wells. Well-to-well interaction is achieved by using one well for injection and 

nutrient addition and another well for extraction (Skeen et al. 1993). Extracted groundwater is transferred 

to a series of nutrient mixing tanks before injection back into the aquifer. The interaction between wells 

enhances flow and ensures proper mixing between wells (Skeen et al. 1993). Concentrations of additives 

required are based on pilot tests and continuous monitoring of extracted groundwater. 

Equipment required for the in situ bioremediation scheme includes extraction wells, injections wells, 

nutrient feed tanks, mixing tanks, and associated pumps, piping, valves, monitoring and control systems. 

Due to the potential for leaks and spills in any hazardous liquid system, secondary containment measures 

may also be required in the event of an accident. Such measures could include double walled piping, 

berms around tanks, and overflow collection equipment. 

The number and location of injection and extraction wells would be determined on the basis of 

hydrologic modeling. Design, installation, and operation requirements for the extraction and injection wells 
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will be similar to standard production water wells. The primary design consideration for these wells is 

locating and sizing the screened area such that only that portion of the aquifer containing nitrate 

contamination is affected and the interaction between wells facilitates the closed pumping circuit concept 

described above. 

Prior to injecting groundwater and additives back into the aquifer, mixing is required to ensure 

homogeneity. Nutrient mixing tanks utilizing mechanical agitation by a motor driven internal impeller are 

specified for this purpose. The specified mixing tanks operate on a continuous basis with the capability of 

maintaining a design residence time. • 

Nutrient feed can be made directly into the mixing tanks or the piping leading to the mixing tanks. 

Nutrient feed tanks are sized according to the required capacity of the system. A small capacity pump or 

gravity feed system will be required to inject nutrients at the specified location in the system. 

1.4.3.2 Air Sparging. Air sparging is proposed for remediation of isolated plumes of VOC contamination 

in 100 Area groundwater. This remediation technology is similar to air stripping and involves injecting air 

into the soil or strata below contaminated groundwater plumes. Volatile organic compounds dissolved in 

groundwater and adsorbed onto soils are 
volatilized into the gas phase as air bubbles flow upward through the water column (Hazardous Waste 

Consultant 1993). A crude air stripping process is developed where the soil in the aquifer acts as tower 

packing that maximizes water surface area contact with air. Stripped contaminants are either drawn upward 

and collected with a vapor extraction system or, if permissible, allowed to naturally migrate to the surface 

and enter the atmosphere. An additional effect of injecting air into the aquifer is that natural aerobic 

biodegradation may be enhanced. 

Air sparging is generally most effective in coarse-grained soils. Fine-grained soils tend to require 

greater air injection pressures that can result in lateral rather than vertical dispersion of air (Hazardous 

Waste Consultant 1993). Air movement in heterogeneous soils will follow the path of least resistance and 

can therefore short circuit the intended area of influence. The potential effects of short circuiting include 

missing target contamination due to vertical channeling and/or horizontal migration of contamination 

(Hazardous Waste Consultant 1993). 

An additional concern involves the heterogeneity of vadose zone soils which range in particle size 

from boulders to silt. The heterogeneity of vadose zone soils may prevent effective natural migration of 

stripped VOC to the surface for venting to the atmosphere. Potential for horizontal channelling may result 

in contaminant migration without venting to the atmosphere. To eliminate this potential, installation of a 

soil vapor extraction system is required with well screens located just above the saturated zone. The vapor 

extraction system will capture volatilized contaminants before lateral migration in the vadose zone can 

occur. 

The number, location, and spacing of injection and extraction wells will be determined on the basis 

of modeling and pilot tests. Pilot tests are used to determine the radius of influence of injection and 

extraction wells within the subsurface of the area of contamination. In general, the radius of influence is 

larger in highly permeable soils and smaller in low permeability soils (Hazardous Waste Consultant 1993). 
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To ensure effective contaminant removal, injection and extraction wells are spaced such that the radius of 

influence-of each system is overlapping. 

There are four types of well configurations used for in situ air sparging: spaced wells, nested wells, 

horizontal wells, and combined horizontal/vertical wells (Hazardous Waste Consultant 1993). The spaced 

well configuration is most common and involves the use of independent vertical wells to perform extraction 

and injection. The nested well configuration involves the use of a single vertical borehole to perform both 

injection and extraction. The horizontal well configuration utilizes horizontal drilling techniques or 

trenching to install injection and extraction wells. Combined horizontal/vertical wells uses a combination of 

both vertical and horizontal wells to perform injection and extraction. The configuration best suited for 

remediation of 100 Area sites must be determined on a case-by-case basis. 

Equipment requirements for the proposed in situ air sparging system include an extraction/injection 

well network, vapor abatement system (if necessary), air compressor or blower, vacuum pump, and 

associated piping, valves, monitoring and control equipment. The compressor or blower size is typically 

based on a design maximum expected flow rate and pressure. Each injection well requires pressure 

measurement and regulation controls to maintain the design operating conditions. Typical well construction 

materials include metal or PVC piping. Injection well screens are generally 0.3 to 1 m (1 to 3 ft) in length 

and must be properly sealed to prevent air flow into the borehole (Hazardous Waste Consultant 1993). Due 

to the elevated temperature of air leaving the compressor, steel and/or rubber air hose is recommended for 

the pressurized air distribution system (Hazardous Waste Consultant 1993). Captured vapor will be 

released to the atmosphere unless an abatement system using carbon adsorption, thermal treatment, or 

chemical oxidation is used. 

In situ air sparging may artificially elevate the water table. This effect should be considered if 

floating free product is present or if elevating the water table would impact the direction of plume 

migration. 

1.4.3.3 Groundwater Monitoring System. Post-treatment monitoring of nitrate and organic contaminant 

plumes will be necessary to ensure that established remediation levels have been satisfied. The number and 

location of monitoring wells required will be determined based on contaminant distribution. Monitoring 

well design, equipment requirements, and installation are unique due to periodic use and the necessity to 

obtain representative groundwater samples. 

Monitoring wells are typically operated at low, intermittent pumping rates and therefore require 

much smaller pumps than production-type extraction wells. Wells will be installed to ensure that samples 

taken are representative and do not include contaminants resulting from materials used for well installation. 

Also of concern is potential interactions between construction materials and the groundwater being sampled. 

The design of monitoring wells therefore must specify construction m~terials that are inert to the chemistry 

of groundwater being sampled. 

1.4.4 Disposal Distances and Location 
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Wastes requiring disposal include well drilling and construction wastes and vapor treatment wastes. 
All other -treatment processes are in situ treatment techniques, thereby eliminating any other disposal 

requirements. 

1.5 ALTERNATIVE GW-5 

Alternative GW-5 has been developed as a removal, treatment, and disposal GRA. The remedial 
technologies and associated process options that comprise this alternative were initially specified in the 100 
Area FS Phases 1 and 2 (DOE-RL 1994a). Based on review of additional information (LFI, 100 Area 
aggregate studies, treatability testing, and refined RAO), no modifications to this alternative are required. 
Therefore, the remedial 
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technologi~s and associated p~cess options are as initially developed: 

• removal: 
extraction wells 

• biological treatment: 
biodenitrification (nitrates) 

• chemical treatment: 
chemical oxidation (organics) 
precipitation (heavy metals and radionuclides) 

chemical reduction (hexavalent chromium) 

• physical treatment: 
filtration (remove precipitates and suspended solids) 

ion exchange (polishing for removal of any remaining ionic contaminants) 

• stabilization/ solidification: 
cement-based solidification (secondary waste streams) 

• liquid disposal: 
river discharge or reinjection into an aquifer 

• solids disposal: 
ERDF, W-025, or another site 

• monitoring 
groundwater monitoring. 

1.5.1 Objective 

The objective of Alternative GW-5 is to contain the contaminant plumes from reaching the river or 

migrating outside the operable unit and to eliminate source to receptor pathways by removing, treating, and 

disposing of contaminated groundwater. Alternative GW-5 is designed to remove contaminant plumes from 

the unconfined aquifer; treat contaminated groundwater to the levels established by remedial action goals; 

isolate and dispose treatment residuals from the accessible environment; and reinject treated groundwater 

into the unconfined aquifer or discharge it to the river. 

1.5.2 Size and Configuration 

Several options are available for implementing groundwater treatment, including a single treatment 

facility for all contaminated groundwater within the 100 Area or separate treatment facilities for each 

groundwater operable unit. Although past practices at the 100 Area reactor sites may have resulted in the 
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same contaminants being released to the environment, sampling and analysis indicates the concentrations of 

contaminants in each operable unit are not the same. Therefore, separate treatment facilities at each 

operable unit are considered to prevent cross-contamination and enable tailoring treatment systems to 

specific COC at each operable unit. 

Pump and treat alternatives have variable life cycles depending on remediation goals and technology 

performance for specific sites, i.e., the system can run until goals are met or until the technology 
limitations are met. 

1.5.3 Unit Operations 

Figure B-3 is a conceptual flow diagram of the unit operations proposed for Alternative GW-5 . 
Each unit operation, equipment requirements and options, and design considerations are described below. 

1.5.3.1 Groundwater Extraction System. The belowground portion of the groundwater extraction system 
will consist of a series of extraction wells . The extraction wells proposed for removing contaminated 
groundwater from beneath the 100 Area will be similar to standard production-type water wells used for 
domestic and industrial applications. The number and location of extraction wells required for each 
contaminant plume will be determined by hydrologic modeling. 

An extraction well consists of vertical borehole tapping the contaminated aquifer. The depth of the 
well is determined by the vertical extent of contamination and the characteristics of the aquifer. Casing 

materials would conform to DOE and state requirements for well completion. The casing serves to 
maintain the borehole integrity and support the pumping mechanism. The well casing is grouted into place 
so it will not be a conduit for the downward migration of additional contamination. 

Extraction wells should be completed using stainless steel, continuous wire-wrapped well screens. 
The screen prevents sediment uptake and provides support for loose formation material (Driscoll 1986). 
The screen slot size is specifically designed for the aquifer materials to minimize entrance velocity and 
prevent the influx of aquifer fines after development. The screened interval of the well must be developed 

following installation and before it is used for remediation. Development consists of optimizing the flow 
characteristics of the well screen/aquifer interface by the removal of aquifer fines through surging, over

pumping, or other means. 

Any commonly available well pump may be used for extraction of contaminated groundwater. 
Selection of pump type and power are determined by the response of the aquifer to pumping, the movement 
of contaminants and the capacity of the remediation system. Typical systems, in order of decreasing 

capacity and/or pumping depth capability, include: 

• line-shaft turbines 
• submersible turbines 
• jet 
• centrifugal 
• positive displacement 
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Centrifugal and peristaltic pumps are generally not applicable for suction (i.e., inlet) lifts exceeding 

6 m (20 ft) (Driscoll 1986) . . 

The above-ground portion of the groundwater extraction system will consist of a piping network that 

connects each extraction well to a manifold. From the manifold a single pipeline will bring contaminated 

groundwater to a storage tank near the treatment area. The storage tank will allow flow equalization and 

settling of suspended solids that may interfere with subsequent treatment operations. The piping system • 

will be of double-walled construction to ensure leak protection. A single-walled, above-ground storage tank 

is specified with secondary containment provided by an engineered berm. Pumps, valves, sampling, and 

monitoring equipment will be specified as needed for the capacity and requirements of the system. 

1.5.3.2 Chemical Oxidation System. Chemical oxidation is the initial unit operation proposed for 

destruction of organic contamination in 100 Area groundwater. Groundwater and reagents, such as 

hydrogen peroxide and ozone, are pumped into a process vessel where organic contaminants are oxidized 

(the reaction may be enhanced by ultraviolet light). A simplified reaction (for a hydrocarbon) of this 

process is: 

UV 

C)ly+Hz0zl03-+ xC02t + ~Hp 

Groundwater entering the chemical oxidation system is filtered to remove suspended solids. Two 

cartridge filters arranged in parallel are specified for this application to allow for continuous operation 

during maintenance or filter replacement. After filtration the oxidizing reagent is combined with the 

groundwater and passed through a static mixer to ensure the feed into the oxidation reactor is 

homogeneous. A static mixer is selected for this application for simplicity, as such a unit has no moving 

parts and requires no maintenance or operating costs. 

Once the groundwater and reagents have been combined, the mixture is fed into the oxidation 

reactor vessel. Inside the reactor this mixture is exposed to ultra violet lamps that catalyze the oxidation 

process. Organic contaminants are oxidized to form carbon dioxide and water ( assuming 100 % reaction 

efficiency). A hydrochloric acid scrubber is required if chlorinated organics are present3• An acid or base 

may be required to adjust pH before and after the oxidation reactor to optimize the efficiency of oxidizing 

organic contaminants (EPA 1993). 

1.5.3.3 Precipitation System. Following chemical oxidation, chemical precipitation is proposed to 

remove radionuclides and heavy metals. In general, metal contaminants can be precipitated from solution 

as hydroxides, sulfides, carbonates, or other insoluble salts (EPA 1987). Common precipitation reagents 

3Hydrochloric acid is a byproduct of oxidation of chlorinated organics. 
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include lime, caustics such as sodium hydroxide, sulfides such as sodium bisulfide, ferrous sulfide, calcium 
carbonate, ·anasooium carbonate (Corbitt 1990). However, because contaminant concentrations are so 
dilute, most of the precipitating species will consist of common water minerals . . Common methods for 
precipitation involve addition of precipitation reagents or pH adjustment. 

Specification of precipitation reagents and pH is contaminant dependent. A precipitation reaction 
resulting in the formation of an insoluble form of strontium-90 occurs as described by the following 
simplified reaction: 

A conceptual chemical precipitation process consists of a mixing tank, a reagent feed system, and a 
clarifier tank. Associated piping, pumps, valves, and monitoring and control equipment complete the 
equipment requirements. The process stream and precipitation reagents are combined in a continuously 
stirred continuous flow (CSCF) reactor vessel. The mixture is then pumped to the clarifier tank where the 
resulting insoluble salts are separated from the process stream as a concentrate. The process stream or 
overflow from the clarifier is then pumped to chromium reduction process. 

The concentrate from the CSCF reactor is pumped to a rotary drum filter for dewatering. A 
filtration media such as diatomaceous earth is added to the concentrate to facilitate the filtration process. 
The resulting filter cake is collected and transported to the solidification system. The liquid effluent from 
dewatering is combined with the process stream from the clarifier for subsequent treatment in the chromium 
reduction process. 

1.5.3.4 Chromium Reduction System. Following chemical precipitation unit operations, chromium 
reduction is proposed to reduce hexavalent chromium. Hexavalent chromium can be reduced from the 
soluble hexavalent state to the less soluble trivalent state (pH ~ 3) and precipitated under basic conditions 
(pH of 8 to 9) (Corbitt 1990). Chromium may also be reduced by reaction with reagents such as sulfur 
dioxide, sulfite salts (such as sodium metabisulfite), and ferrous sulfate (Corbitt 1990). Hexavalent 
chromium can be reduced by reacting with sulfur dioxide and then precipitated as a hydroxide according to 
the following reactions: 

The chemical reduction process is similar to the chemical precipitation process described previously. 
Separate process equipment is required to perform chemical reduction because of the conditions and 
reagents under which the required reaction occurs. The process stream, reducing agent, and precipitation 
reagent are combined in a CSCF reactor vessel. The mixture is then pumped to the clarifier tank where the 
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resulting insoluble salt is separated from the process stream as a concentrate. The process stream or 

overflow from the clarifier is tlien pumped to the biodenitrification system. 

The concentrate from the CSCF is pumped to a rotary drum filter for dewatering. A filtration 

media such as diatomaceous earth is added to the concentrate to facilitate the filtration system. The 

resulting filter cake is transferred to the solidification process to be prepared for disposal. The liquid 

effluent from dewatering is combined with the process stream from the clarifier for subsequent treatment in 

the biodenitrification system. 

1.5.3.5 Biodenitrification System. Following chemical reduction, biodenitrification is proposed to reduce 

nitrates to elemental nitrogen. The growth of microorganisms is dependent on the availability of nutrients 

and a carbon source (Corbitt 1990). In the denitrification process, bacteria use nitrates as an electron 

acceptor. Denitrification occurs according to the following simplified reaction: 

Bacterial Metabolic Process 

• 

The biodenitrification treatment process requires a feed system, reactor vessel, clarifier, and 

monitoring and control equipment (Brouns et al. 1991). Piping, pumps, and valves are required as needed 

for the capacity requirements of the system. 

The feed system adds nitrate contaminated groundwater plus a carbon source, such as acetate or 

methanol, into a reactor vessel. Depending on the type of bioreactor, recycling biomass or growth of the 

original culture will preclude the need for addition of bacteria. Off-gas chemistry, pressure, temperature, 

and pH are monitored to control the denitrification process. 

Bioreactors are generally classified into two categories: suspended-growth systems and fixed-growth 

systems (Corbitt 1990). Suspended-growth systems, such as a continuously stirred-tank bioreactors 

(CSTR), or fixed-growth systems, such as a fluidized-bed bioreactors (FBR), can be used for denitrification 

applications (Brouns et al. 1991). The CSTR vessel mixes contaminated groundwater with suspended 

biomass to maximize contact between contaminants and microorganisms. The FBR vessel contains biomass 

attached to a support media, such as anthracite coal. Contaminated groundwater passes through the support 

media where nitrate contaminants contact microorganisms. 

Effluent from the reactor vessel is sent to a settling tank. In the case of the CSTR, suspended 

biomass is removed for recovery and recycled back into the reactor. The settling tank clarifies the effluent 

for subsequent processing in the ion exchange process. 

1.5.3.6 Ion Exchange System. Following biodenitrification, ion exchange is proposed to remove 

radionuclides not readily precipitated (either by pH adjustment or by redox), such as cesium-137 and 

technetium-99. The ion exchange process is the final unit operation applied to contaminated groundwater 

prior to reinjection into an aquifer. Both cation and anion exchange resins are proposed to ensure removal 
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of any contaminants that may still remain in trace concentrations. The proposed ion exchange process 

consists of media filtration followed by separate cation and anion exchange columns, and a resin 

regeneration loop. 

The performance of ion exchange resins will be impaired by the presence of suspended solids, 

bacteria, colloids, or oily materials in the feed stream (Corbitt 1990, Moghissi et al. 1986). Therefore, the 

process design specifies that the feed stream is filtered prior to entering the exchange columns. Two 

cartridge filters arranged in parallel are specified for this application to allow for continuous operation 

during maintenance or filter replacement. Pressure monitoring equipment is required to identify when • 

replacement is necessary due to particulate loading. 

The proposed ion exchange design will utilize a separate-bed system as opposed to a mixed-bed 

system in order to facilitate resin regeneration. The separate-bed system involves two vessels arranged in 
series. The first vessel containing the cation exchange resin and the second vessel containing the anion 

exchange resin. The separate-bed system is preferred for removing specific radionuclides (Moghissi et al. 

1986). Similar to the cartridge filter design, two separate-bed systems may be arranged in parallel to allow 

for continuous operation during maintenance, regeneration, or resin replacement. 

Specification of ion exchange resins for this process will depend on the type of contaminants to be 

removed, the contaminant concentration remediation levels, and the presence of other ions in the feed 

stream that may interfere with the efficiency of removing contaminants (Corbitt 1990). There are four 

general types of ion exchange resins that include strong- and weak-acid cation resins and strong- and weak

base anion exchange resins (Corbitt 1990). Ion specific exchange resins are available for isotopes of cs+, 

Co+2 , Sr+2, and Mn+2 (Moghissi et al. 1986). Ion-selective exchange resins can be used to remove any one 

or more these specific contaminants. Selective resins are typically zeolite and glass-based materials. The 

primary benefit of ion-selective exchange resins is a reduction in the amount of resin spent on removing 

ions from the process stream that are not of concern. 
Strong-acid cation and strong-base anion exchange resins have a low regeneration efficiency 

(Moghissi et al. 1986). Therefore, regeneration of these resins can result in large quantities of regenerative 

waste. Conversely, weak-acid cation and weak-base anion exchange resins can be regenerated with near 

stoichiometric quantities of regenerants (Moghissi et al. 1986). Another option is a chabazite zeolite cation 

exchange resin. The zeolite resin is nonregenerable and would be discarded after loading. The benefit 

from using the zeolite resin is that it is not regenerated and thus no liquid regeneration wastes are 

generated. The only waste product is the contaminated solid zeolite. These once-through zeolites are 

economical because the secondary waste is a solid waste rather than a liquid waste which must be further 

processed (at considerable additional cost). 

A regeneration loop is included in the ion exchange process to maximize the life of the ion exchange 

resins. A design variation may avoid regeneration by specifying disposal of spent resins (e.g., chabazite 

zeolite); however, regeneration is assumed in this application for conservatism. Monitoring the 

conductivity of the effluent from each ion exchange vessel will identify when the resins will require 

regeneration. Regeneration is accomplished by stripping contaminant ions from exhausted resin beds with 

concentrated acid, caustic, or other reagent solutions. In this process, contaminant cations are replaced 

with innocuous cations, such as hydronium (H+), and contaminant anions are replaced with innocuous 

anions, such as hydroxide (OH-) (Corbitt 1990). The equipment requirements to perform regeneration 
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include acid and caustic storage tanks, regenerative waste storage tank, and any associated piping, pumps, 

valves, and monitoring equipment. 

The regeneration loop results in secondary liquid waste requiring solidification prior to disposal. 

Therefore, liquid regenerative wastes will be sent to a cement-based solidification process. 

1.5.3. 7 Cement-Based Solidification System. Cement-based solidification is proposed for all liquid-, 

sludge-, or slurry-type waste streams generated as a result of treating contaminated groundwater prior to 

disposal. Secondary waste streams such as spent ion exchange resins may or may not require solidificati(m 

prior to disposal depending on the requirements of the ERDF waste acceptance criteria. The secondary 

waste streams generated from each treatment process are summarized in Table B-1. 

Cement is the most commonly used material for solidification of radioactive wastes (DOE 1988) . 

The types of cement used for waste solidification are Portland cement, masonry cement, and gypsum (DOE 

1988). Special additives have been developed to enhance the capabilities of cement-based solidification 

such as waste loading, contaminant leachability, compressive strength, and setting characteristics. 

Filter cake, ion exchange resins, and decontamination solutions are compatible with cement-based 

solidification (DOE 1988). However, cement-based solidification of each secondary waste stream generated 

from treatment of 100 Area groundwater is likely to require development of separate recipes or 

formulations . Differences in cement formulations may require separate solidification systems for each 

secondary waste stream or batch processing each secondary waste stream separately. The equipment 

requirements for cement-based solidification depend on pretreatment requirements, physical form, and 

waste volume. 

Pretreatment such as pH adjustment of liquid wastes may be required. Resin regenerative wastes 

may require addition of an acid or caustic for pH adjustment prior to solidification. The physical form of 

secondary wastes will influence equipment specifications for items such as piping, pumps, and storage tanks 

for liquids. Conveying equipment and storage bins or silos may also be required. 

The volume of secondary wastes generated will be used to determine whether solidification can be 

accomplished directly within containers or whether larger more complex mixing equipment is required. In

container mixing processes are generally applicable to small volume waste streams. These processes 

involve simply adding cement and waste (in predetermined proportions) directly into the disposal container 

and mixing. Mixing can be accomplished by placing a mixing weight into the container, sealing the 

container, and then using a drum tumbler or shaker until the contents are thoroughly mixed. Motor driven 

mixing rods are available in which the mixing rod can be either reused or simply left in the container (DOE 

1988). 

Large volume waste streams require mixing waste and cement in large vessels. This type of system 

consists of storage tanks for liquid wastes, feed hoppers for solid wastes and dry materials such as cement 

and additives. Waste, cement, and water (if necessary) are combined in larger mixing vessels. The 

resulting mixture is then metered and fed into disposal containers. This type of solidification process 

enables continuous processing or may be used on a batch-type basis. 
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Secondary waste streams which do not require solidification in cement, such as filter cartridges, will 

be packaged directly into disposal containers and transported to ERDF. 

1.5.4 Disposal Distances and Location 

1.5.4.1 Liquid Disposal. Treated groundwater is the only liquid effluent generated by this alternative and 

it will be discharged to the Columbia River or reinjected to the aquifer. The treatment train described 

above treats the groundwater for every contaminant except tritium (no practicable treatment is currently • 

available for tritium). The tritium levels in most plumes in the 100 Area are already below the MCL, thus 

the water can be discharge directly to the river. However, if tritium levels in the effluent exceed the MCL, 

then the effluent cannot be discharged to a surface water (i.e., it doesn't meet drinking water standards). 

Effluent contaminated by tritium above the MCL will be reinjected into the groundwater. This 

establishes an extraction/injection loop which allows time for natural radioactive decay of the tritium. The 

injection point can be chosen such that the travel time to the river is sufficient for the tritium to 
radioactively decay below the MCL before reaching the river. Both river discharge and reinjection process 

options are discussed below. 

1.5.4.1.1 River Discharge. The treated water will be collected in a surge tank to determine if is 

below MCL for the contaminants. If so, the treated water will be directed to the river via a buried gravity 

flow pipeline. It is assumed that the flow would be routed via an existing river outfall (such as 009 in the 

100 N Area) or a new outfall. An analysis of the condition of existing pipelines and outfalls would be 

required prior to implementation. 

River discharge may require an National Pollutant Discharge Elimination System (NPDES) permit. 

Although some outfalls have been operating under existing NPDES permits, additional permitting 
requirements, if any, have not yet been established for river disposal of treated water. Establishing 

permitting requirements would require discussions with regulators. In addition, the Tri-Party Agreement 

Milestone M-17 requiring cessation of liquid effluent discharges by 1995 may affect treated water disposal 

options. 

1.5.4.1.2 Reinjection System. Following treatment, effluent with tritium levels above MCL is to 

be reinjected into the aquifer beneath the 100 Area. The number and location of injection wells will be 

determined on the basis of hydrologic modeling and required flow rates. Design, installation, and 

equipment requirements for such an injection system will similar to the equipment described previously for 

extraction·wells. Treated groundwater will be pumped in a single pipeline. At the injection point, a 

manifold will be used to feed the treated groundwater to each injection well. 

Toe primary design considerations involved with injection wells are efficiency and well life (Driscoll 

1986). The efficiency of an injection well is dependent on the selection and location of the screen. The 

well screen should be located in the area of the aquifer and/or vadose zone that has the greatest hydraulic 

conductivity. Screen openings should be as large as possible such that treated groundwater can enter the 

formation without excessive pressure build-up. Material selection can be an important consideration for 
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ensuring adequate well life. However, due to the quality of treated groundwater exiting the ion exchange 

process, this should not be a major concern. 

1.5.4.2 Disposal of Solidified Residues. Solid wastes generated as a result of treating contaminated 

groundwater are disposed in the ERDF (approximately 9 miles from the 100 Area). Solidified waste is 

transported by truck for disposal. Radioactive and mixed secondary waste will meet ERDF acceptance 

criteria. 

1.5.5 Groundwater Monitoring 

Post-treatment monitoring of 100 Area groundwater will be necessary to ensure that established 

remediation levels have been satisfied and additional sources of contamination are not discovered. The 

number and location of monitoring wells required will be determined based on contaminant distribution. 

Monitoring well design, equipment requirements, and installation were described previously under 

Alternative GW-4. 

1.6 ALTERNATIVE GW-6 

Alternative GW-6 has been developed as a removal, treatment, and disposal general response action. 

The remedial technologies and associated process options initially specified for this alternative in the 100 

Area FS Phases 1 and 2 (DOE-RL 1994a) have been significantly modified. The biodenitrification and ion 

exchange processes initially specified have been determined to be redundant and no longer necessary. This 

determination is based on the capabilities of reverse osmosis for removing contaminants applicable to 

biodenitrification and ion exchange treatment. Based on these modifications, Alternative 
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GW-6 n~~ consists of the fo}!?wing remedial technologies and associated process options: 

• removal: 
extraction wells 

• physical treatment: 
air stripping/carbon adsorption (organics) 
filtration (remove suspended solids) 
forced evaporation (for volume reduction prior to solidification) 
reverse osmosis (high molecular weight inorganic contaminants) 

• stabilization/ solidification: 
cement-based solidification (secondary waste streams) 

• liquid disposal: 
crib disposal 

• solids disposal: 
ERDF, W-025, or another site 

• monitoring 
groundwater monitoring (100 Area groundwater) . 

1.6.1 Objective 

The objective of Alternative GW-6 is identical to that described previously for Alternative GW-5. 

Source to receptor pathways are to be eliminated by complete removal, treatment, and disposal of 

contaminants in the 100 Area. Alternative GW-6 satisfies this objective in the same manner as Alternative 

GW-5 except for the methods of treatment. Alternative GW-6 is designed to remove contaminant plumes 

from the unconfined aquifer; treat contaminated groundwater to the levels established by remedial action 

goals; isolate and dispose treatment residuals from the accessible environment; and dispose treated 

groundwater by reinjection to the unconfined aquifer or to the river. 

1.6.2 Size and Configuration 

Alternatives GW-6 and GW-5 are similar in that both alternatives are developed as removal, 

treatment, and disposal general response actions . The primary difference between these alternatives is the 

treatment technologies specified to achieve RAO. The aspects of alternative GW-6 that are differ from 

alternative GW-5 are summarized below: 

• biological treatment - no biological treatments are specified in GW -6 
• chemical treatment - no chemical treatment are specified in GW-6 
• physical treatment - only physical treatments are specified in GW-6 
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• _ ~ isposal - crib d!sposal as an option to injection or river disposal . 

The primary components of the unit operations required for alternative GW-6 are presented 

schematically in Figure B-4. 

1.6.3 Unit Operations 

Figure B-4 is a conceptual flow diagram of the unit operations proposed for Alternative GW-6. As 

noted previously, the biodenitrification and ion exchange unit operations initially specified for this 

alternative in the 100 Area FS Phases 1 and 2 (DOE-RL 1994a) are no longer included. In addition, the 

location within the treatment train initially specified for the evaporator has also been changed. Since 

operable unit-specific treatment processes are being considered as opposed to a single 100 Area treatment 

facility, the primary purpose of the evaporator has changed from volume reduction of groundwater entering 

the treatment system to volume reduction of liquid effluent from the reverse osmosis process. Unit 

operations, equipment requirements and options, and design considerations are described below. 

1.6.3.1 Groundwater Extraction System. The groundwater extraction system proposed for Alternative 

GW-6 is identical to the system described for Alternative GW-5 . Refer to the description presented 

previously for Alternative GW-5 for details. 

1.6.3.2 Air Stripping/Carbon Adsorption. Air stripping followed by carbon adsorption is the initial 

series of unit operations proposed in this alternative for treating 100 Area groundwater. This process · 

removes low concentrations of voe from contaminated groundwater. Due to the extent and type of 

organic contamination in 100 Area groundwater, the process would be required only on an as needed basis. 

Air stripping is generally applicable to dilute aqueous wastes with voe concentrations less than 

approximately 100 mg/L (Freeman 1989). The voe are removed from groundwater by countercurrent 

gas-liquid desorption. Once removed from the groundwater, voe can then adsorbed onto activated 

carbon. 

Groundwater entering the process is filtered to remove suspended solids. Two cartridge filters 

arranged in parallel are specified for this application to allow for continuous operation during maintenance 

or filter replacement. After filtration, groundwater is pumped to the air stripper. 

Several air stripper designs are currently available, however, the most common or conventional air 

strippers are vertical towers filled with a packing media. In this design contaminated water enters the top 

of the tower and falls by gravity through the packing media to a collection sump. Simultaneously, 

uncontaminated air enters from the bottom of the tower and is discharged at the top. The packing media 

maximizes the liquid surface area exposed to air flowing countercurrent to the liquid. Depending on water 

quality, packed-tower air strippers can be susceptible to fouling from scaling or solids deposition. 

Newer designs involve low-profile air strippers which are essentially diffused aerators that bubble 

air up through a chamber filled with contaminated water (Reese 1992). Low-profile air strippers offer 

several advantages over conventional packed-tower designs: reduced potential for fouling; less maintenance 

requirements; and higher efficiency at lower contaminant concentrations. However, the low-profile design 
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uses highe! air/water ratios ~t require higher horsepower blowers and result in increased off-gas volume 

requiring treatment. 

Liquid effluent from the air stripper is pumped to the reverse osmosis system for inorganic 

contaminant removal while voe laden off-gas is treated in carbon adsorption units . Two carbon beds in 

parallel are placed in series with one polishing carbon bed for removing voe from the air stripper off-gas. 

Vapor phase carbon adsorption beds are available in disposable canisters or larger reusable vessels. Large 

activated carbon beds can be regenerated or disposed once saturated with contaminants. Treated air is 

discharged to the atmosphere. 

1.6.3.3 Reverse Osmosis System. Following the organics treatment system, reverse osmosis is proposed 

to remove soluble inorganic contaminants, especially those of higher molecular weight. Reverse osmosis is 

a cross-flow membrane separation process that purifies contaminated water by application of high pressure 

which forces pure water through a semipermeable membrane, but leaves the contaminants in a concentrated 

waste stream (EPA 1987). The process is commercially available and highly effective for purifying water 

containing dissolved ions and radionuclides. However, a chief disadvantage is the generation of a 

substantial volume of secondary liquid waste that must be volume reduced and solidified prior to disposal. 

Reverse osmosis membranes are typically either spiral wound into a cylindrical configuration or are 

fabricated into hollow fibers. The membranes provide a pore size in the range of one to ten angstroms 

(0.0001 - 0.001 microns) . There are essentially three types of reverse osmosis membranes: cellulose 

acetate, aromatic polyamides, and thin-film composites (Freeman 1989). The thin-film composite type 

membranes are generally considered to be the most effective. 

An reverse osmosis system may consist of three separate components. The first component in the 

system provides pretreatment of the feed stream to comply with the reverse osmosis membrane 

manufactures specifications . The second component is the reverse osmosis treatment vessel which, 

depending on the final system design, may consist of multiple reverse osmosis vessels. The third 

component provides post-treatment to the purified effluent to meet reuse standards or to prepare for 

additional treatment. The third component is not considered applicable to this system as any treatment 

required for additional unit operations will be considered pretreatment for that particular system. 

Pretreatment requirements are based on the type and manufacturer of the reverse osmosis membrane 

specified and the condition of the feed stream. If necessary, pretreatment will maximize reverse osmosis 

membrane operating efficiency and reduce the potential for fouling. Pretreatment requirements may include 

(Porter 1990, Freeman 1989, Moghissi et al. 1986): 

• elimination of suspended solids 1 micrometer or larger 
• pH adjustment to between 4 and 6 
• addition of precipitation inhibitors 
• removal of oxidizing compounds 
• elimination of organic contaminants 
• temperature elevation. 
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The reverse osmosis portion of the system consists primarily of a high pressure pump, reverse 

osmosis module (containing the reverse osmosis membrane), piping, valves, and control and monitoring 

equipment. The high pressure pump pressurizes feed water to above osmotic pressures such that the 

reverse osmosis phenomenon occurs. The reverse osmosis module contains the membrane packaging and is 

categorized into four possible designs: plate and frame, spiral-wound, tubular, and hollow fine fiber 

(Porter 1990). The tubular design reverse osmosis module is least susceptible to fouling, has the highest 

tolerance to suspended solids, and has the possibility of mechanical membrane cleaning (Porter 1990). 

1.6.3.4 Evaporation System. Following the reverse osmosis process, forced evaporation is proposed to 

reduce the volume of reverse osmosis concentrate requiring cement solidification. Depending on the type 

of evaporation system specified, concentrations of up to 50% total solids can be achieved (DOE 1988). 

Evaporation technology has been used for liquid radioactive waste treatment for several decades (Moghissi 

et al. 1986). The evaporation process involves the use of heat to vaporize water, thereby leaving a 

concentrated solution containing nonvolatile contaminants. The resulting concentrated solution requires 

additional treatment while vaporized water is simply condensed and sent for disposal. 

Evaporators generally fall into one of two categories, either natural circulation or forced circulation. 

Natural or forced refers to the way in which liquid waste is circulated through the heat exchanger and 

vapor body. Natural circulation evaporators include rising-film and fixed-film types. Forced circulation 

evaporators include evaporative crystallizer, wiped-film, and extruder types. The evaporative crystallizer is 

the most commonly used evaporator for radioactive waste applications (DOE 1988). 

Forced circulation evaporators have proven to be more effective in concentrating solids than natural 

circulation evaporators (DOE 1988). In addition, forced circulation evaporators allow separation of the 

heat transfer, vapor-liquid separation, and crystallization functions (Moghissi et al. 1986), thereby 

facilitating maintenance operations. 

Evaporator energy requirements can be substantially reduced by recycling heated vapor generated by 

the evaporator back into the heat exchanger to facilitate evaporation of additional feed waste. Not only is 

the energy stored in the steam reused to heat feed waste, but the need for a condenser is eliminated. This 

process is commonly referred to as vapor recompression. Vapor recompression can reduce energy 

consumption by up to 80% (DOE 1988). 

The evaporation system specified for application to Hanford 100 Area groundwater is the forced 

circulation, evaporative crystallizer with mechanical recompression. Due to the low capacity of typical 

evaporators, multiple evaporators may be required. Each evaporator system consists of a heat exchanger, 

vapor body (or flash chamber), recirculation pump, entrainment separator, and condenser (or compressor 

for recompression). Associated piping, valves, feed and effluent pumps, and control and monitoring 

equipment will be required as needed. 

Concentrate from the evaporator is fed to a rotary vacuum drum filter for dewatering. A filtration 

media such as diatomaceous earth is added to the concentrate to facilitate the filtration process. The 

resulting filter cake is collected in a hopper which can be transported with industrial equipment such as a 

forklift to the solidification system. Liquid effluent from the rotary drum filter is recirculated back into the 

feed stream entering the reverse osmosis system. 
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1.6.3.5 Cement-Based Solidification System. As described previously for Alternative GW-5, cement
based solidification is proposed for liquid-, sludge-, or slurry-type waste streams generated as a result of 
treating contaminated groundwater (see Table B-2). Solidified wastes will be transported to the 200 Area 
for disposal. The secondary waste streams generated from each treatment system are summarized as 
follows: 

The secondary waste streams generated by the treatment systems proposed for Alternative GW-6 are 
similar to those generated from the Alternative GW-5 treatment systems. Those secondary waste streams 
unique to Alternative GW-6 include fouled packing material from the air stripping tower, spent activated· 
carbon beds, and fouled reverse osmosis membranes from the carbon adsorption units. Secondary waste 
streams in solid form such as filter cartridges, air stripper packing material, spent carbon, and fouled 
reverse osmosis membranes, will generally be packaged directly into containers suitable for disposal. 
However, if solidification is required for any of these materials (based on ERDF requirements), size 
reduction may be necessary to ensure complete encapsulation in cement. 

The cement solidification system and materials described previously for Alternative GW-5 would be 
identical to the cement solidification system requirements for this alternative. In general, the applicable 
secondary waste streams will be pretreated (if necessary), mixed with cement, and placed in Department of 
Transportation (DOT) approved containers. After the appropriate curing time has elapsed, solidified wastes 
will be transported by truck to the ERDF, W-025, or another site for disposal. 

1.6.4 Disposal Distances and Location 

1.6.4.1 Liquid Disposal. Disposal of liquid effluents generated by implementation of Alternative GW-6 is 
nearly identical to the previous discussion for Alternative GW-5. Surface discharge into cribs is specified 
for Alternative GW-6 as opposed to the reinjection/river discharge technique specified for Alternative GW-
5. 

1.6.4.2 Disposal of Solidified Residues. Disposal of solidified waste generated by implementation of 
Alternative GW-6 is identical to the previous discussion for Alternative GW-5. 
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As described previously in Alternative GW-5, post-treatment monitoring of 100 Area groundwater 

will be necessary to ensure that established remediation levels have been satisfied and additional sources of 

contamination are not discovered. The number and location of monitoring wells required will be 
determined based on coJltaminant distribution. Monitoring well design, equipment requirements, and 

installation are the same as described previously in Alternative GW-4. 
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Figure ~-2. Conceptual In Situ Treatment Alternative GW-4. 
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Table B-1. Secondary Waste Streams for Alternative GW-5. 

Treatment Description Physical Fonn 
Process 

Equalization storage tank Tanlc bottoms Sludge 

Chemical oxidation Filter cartridges Solid 

Chemical precipitation Rotary drum filter cake Filter cake 

Chemical reduction Rotary drum filter cake Filter cake 

Biodenitrification Clarifier concentrate Slurry 

Ion exchange Filter cartridges Solid 

Spent ion exchange resins Solid 

Regenerative waste Slurry 
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Table B-2. Secondary Waste Stream for Alternative GW-6. 

Treatment Description Physical Form 
Process 

Equalization storage tank Tank bottoms Sludge 

Air stripping Filter cartridges Solid 

Fouled packing Solid 

Activated carbon Solid 

Reverse osmosis Fouled membranes Solid 

Evaporator Rotary drum filter cake Filter cake 
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1.0 GROUNDWATER FLOW AND SOLUTE TRANSPORT MODEL DESIGN, 
CALIBRATION, AND SENSITIVITY ANALYSIS 

Groundwater flow and solute transport models were developed for both the 100-D/DR and 100-H 
Areas. A general discussion of the modeling was presented in the text. The purpose of this appendix is to 
discuss the details of the modeling. The models were developed using ModelCad386™, a computer-aided 
design program for groundwater modeling developed by Geraghty and Miller (1993). ModelCad386™ has 
an interactive graphical interface that provides a fast and accurate method for constructing and calibrating 
complex groundwater flow models. 

1.1 GROUNDWATER FLOW MODELS 

1.1.1 Groundwater Flow Code 

The groundwater flow code used in this evaluation was MOD FLOW, a three-dimensional, finite
difference, groundwater flow model code developed by the USGS (McDonald and Harbaugh 1988). The 
numerical method used in the code to the groundwater flow equation results in a series of equations where 
the hydraulic head at each node of the model grid is primarily unknown. The equations are then solved for 
the head at every node using an algebraic procedure for the solution of simultaneous linear equaitons. The 
Strongly Implicit Procedure (SIP) solver, which is based on algebraic procedure developed by Weinstein et 
al. (1969(, was used in the D/DR and H Area models because of its relatively fast execution speed. A 
complete discussion of the solution method used in the SIP module is provided in the MODFLOW 
documentation (McDonald and Harbaugh 1988). 

1.1.2 Model Setup 

The boundary conditions, grid, layering, and model assumptions are discussed in the main 
document. The base of the model for the D/DR Area was constructed by contouring geologic datea for the 
base of Ringold Unit E using SURFER (Golden Software 1991). The SURFER data were then directly 
input to MODFLOW using ModelCad386TM . For the H Area, the Hanford/Ringold interface was contoured 
using SURFER and input to MODFLOW as the base of Layer 1 which ranges in elevation from 107 to 114 
m (350 to 374 ft) . The base of Layer 2 and the base of the model were set to an elevation of 55.5 m (182 
ft) which corresponds to the top of the Ringold Lower Mud Unit. For the D/DR Area simulation, water 
can exit at the Columbia River and at the constant head boundaries (depending on the surrounding heads) . 
For the H Area simulation, water can only exit at the Columbia River. 
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MODFLOW requires input on the leakance between layers when more than one layer is simulated. 
The leakance is based in the thickness of the layers and the vertical hydraulic conductivity. For the H Area 

model, the leakance value at each node was calculated by ModelCad using these parameters. 

1.1.4 Flow Model Calibration 

For the D/DR Area model, the model was run in the steady-state mode using initial data input. The 
horizontal hydraulic conductivity was adjusted to obtain the best match between model predicted and 
observed water level elevations. The head in the vicinity of wells 199-D5-13, 199-D5-20, 199-D8-4, and 
199 DS-6 remained too low; therefore the conductivity in this area was decreased to 5 mid (16 ft/d). This 
resulited in the heads shown in table B-1. Because this match appeared to be adequate, the recharge and 
river bed conductance were not changed from the initial inputs. 

The H Area model was initially setup as a 2-dimensional model with the Hanford/Ringold contact as 
the base of the aquifer. This resulted in model-predicted heads which were considerably lower than the 

observed heads. Therefore, an additional layer was added to the model to represent a portion of the 
Ringold Formation and allow the upward movement of water to the Hanford formation. The horizontal 
hydraulic conductivity of the aquifers were adjusted to provide the best match between observed and model 
predicted water-level elevations (as shown in Table B-2). The model predicted heads do not match the 
observed heads as well as in the D/DR Area. Because the only way to increase the model heads is to 
decrease the hydraylic conductivity and because the conductivities were as low as seemed reasonable, the 
calibration was determined to be adequate. 

1.2 SOLUTE TRANSPORT MODEL 

1.2.1 Solute Transport Code 

The solute transport models were setup using Mode1Cad386™. The transport code used was MT3D™ 
(S.S. Papadopulos & Associates 1992), a modular three-dimensional transport code for the simulation of 
advection, dispersion, and chemical reactions of dissolved constituents in groundwater. MT3D™ uses a 
mixed Eulerian-Lagrangian approach to the solution fo the three-dimensional advective-dispersion-reactive 
equation. The solution was performed with the Hybrid Method of Characteristics (HMOC). MT3D™ 
works in conjuction with any block-centered finite difference model, such as MODFLOW. 

1.2.2 Initial Conditions 

The initial conditions for the D/DR Area were developed using the October through December 1992 
contoured chromium concentrations from the LFI (DOE-RL 1993b). The 1992 data set was selected for the 
initial conditions because there are some uncertainties in more recent metals data (Peterson 1993). 
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The initial conditions for the H Area were developed by contouring the 1987 chromium data with 

SURFER. - The 1987 data set was selected because it marked the beginning of the RCRA monitoring 

program and adequate data were available to develop contour maps. The SURFER data were then directly 

input to MT3D using Mode1Cad386TM. 

1.2.3 D Area Sensitivity Analysis 

As mentioned in the main document, a variety of transport parameters were run to evaluate the 
sensitivity of the model to porosity, dispersivity, and retardation. The results from all of these runs are • 
shown in Table B-3. This table indicates that the model is not very sensitive to porosity or retardation. 
The model is the most sensitive to dispersivity . 

1.2.4 H Area Calibration 

The H Area model was calibrated by running the model with the initial conditions for 5 years and 

attempting to match October/November 1992 chromium data. The calibration was performed by adjusting 

the dispersivity, retardation, and porosity. A summary of the calibration runs is shown in Table B-4. A 
summary of the results from these runs is shown in Tables B-5 and B-6. Run 10 was selected to perform 

the remedial alternative analyses because it has the lowest mean error of the three runs which simulated the 

river with the river package. The river package is believed to best represent the interaction between the 

aquifer and the Columbia River; comparing runs 10 and 11 shows that there is very little difference in the 

contaminant distribution between the two boundary options. 
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Table C-1 100 D/DR Area Calibrated Groundwater Flow Model Statistics 
- -

Well Name Observed Head Model Predicted Head Error 
(m) (m) (m) 

199-D2-6 116.91 116.85 0.06 

199-D2-5 117.31 117.34 -0.03 . 
199-D5-19 117.25 117.32 -0.07 

199-D5-18 117.13 117.29 -0.16 

199-D5-17 117.22 117.25 -0.03 

199-D5-12 117.07 117.21 -0.14 

199-D5-15 117.03 117.06 -0.03 

199-D5-14 116.90 116.96 -0.06 

199-D5-16 116.94 117.14 -0.20 

199-D5-13 116.83 116.73 0.10 

199-D5-20 116.49 116.24 0.25 

199-D8-6 116.66 116.43 0.23 

199-D8-5 116.27 116.10 0.17 

199-D8-55 115.97 115.97 -0.00 

199-D8-53 115.96 116.08 -0.12 

199-D8-3 115.97 116.32 -0.35 

199-D8-54A 115.97 116.03 -0.06 

Mean Error = -0. 026 
Error Standard Deviation = 0.152 
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Table C-2 100 H Area Calibrated Groundwater Flow Model Statistics ---

Well Name Observed Head Model Predicted Head Error 
(m) (m) (m) 

199-H4-15A 113.78 113.21 0.57 

199-H4-8 113.93 113.51 0.42 

199-H4-7 114.04 113 .69 0.35 

199-H4-4 113.64 113.15 0.49 

199-H4-12A 113.72 113.17 0.55 

199-H4-10 113.78 113.24 0.54 

199-H4-11 113.51 113.14 0 .37 

199-H4-14 114.19 113.82 0.37 

199-H3-2A 114.45 114.14 0.31 

199-H3-1 114.59 114.41 0.18 

199-H4-45 113.87 113.54 0.33 

199-H6-1 113.90 113.64 0.26 

199-H5-1 114.58 114.59 -0.01 

199-H4-13 113.41 113.12 0 .29 

199-H4-9 113.83 113.44 0.39 

Mean Error = 0.359 
Error Standard Deviation = 0 .148 
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C-3. 100 D/DR Area Sensitivity Analysis and Data 

Porosity Retardation Dispersivity MaM Mass 
Factor Dl/Dt (m) Removed Removed 

at River at Wells 
Nodes (kg) 

(kg) 

0.20 25 10/1 76.61 na 

0.15 25 10/1 81.61 na 

0.25 25 10/1 72.44 na 

0.20 1 10/1 78.83 na 

0.20 10 10/1 88.83 na 

0.15 10 10/1 90.75 na 

0.25 10 10/1 86.70 na 

0.25 50 10/1 61.38 na 

0.20 25 100/10 88.5 na 

0.15 25 100/10 90.59 na 

0.25 25 100/10 86.68 na 

0.20 10 100/10 93.84 na 

0.15 10 100/10 94.66 na 

0.25 10 100/10 92.91 na 
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· Comments 

Base Case 

Model not 
sensitive to 
porosity (n) at 
R = 25 

Model not 
sensitive to n 
at R = 25 

No sorption, 
simulated 
plume 
unrealistic 

Model not 
sensitive to n 
at R = 10 

Model not 
sensitive to n 
at R = 10 

Model not 
sensitive to R 
at R > 25 

Model not 
sensitive to n 
at R = 25 

Model not 
sensitive to n 
at R = 25 

Model not 
sensitive to n 
at R = 10 

Model not 
sensitive to n 
at R = 10 



- 1temedial 
Alternative 

No Action 

Barrier 
Wall 

Pump and 
Treat 

Barrier 
Wall with 
Pumping 
Wells 

Shortened 
Barrier 
Wall and 
Pumping 
Wells 

na = Not Applicable 
n = porosity 
R = retardation 

Porosity Retardation 
Factor 

0.25 50 

0.20 25 

0.20 10 

0.20 25 

0.20 10 

0.20 25 

0.20 10 

0.20 25 

0.20 10 

0.20 25 

0.20 10 

0.20 25 

0.20 10 
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Dispersivity Mass Mass Comments 
D1/Dt (m) Removed Removed 

at River at Wells 
Nodes (kg) 
(kg) 

100/10 82.25 na Model not 
sensitive to R 
at R > 25 

10/1 3.04 na 

10/1 3.14 na 

100/10 4.87 na 

100/10 5.18 na Barrier Wall 
can be 

shortened on 
north end 

10/1 1.88 418.2 Better 
containment 
than wall 

10/1 1.72 346.5 

100/10 3.32 377.12 

100/10 Large mass 
balance error 

10/1 3.03 1.30 

10/1 3.16 12.77 

100/10 5.01 10.65 

100/10 Large mass 
balance error 
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Table C-4 Summary of H Area Transport Calibration Runs 

Run Longitudinal Transverse Porosity Retardation River Boundary 

Number Dispersivity Dispersivity 
(m) (m) 

1 1 0.1 0.20 100 Constant Head 

2 10 1 0.20 100 Constant Head 

3 10 1 0.20 50 Constant Head 

4 10 1 0.20 25 Constant Head 

5 100 50 0.30 17 River Boundary 

6 100 10 0.20 25 Constant Head 

7 10 1 0.20 13 Constant Head 

8 30 3 0.20 25 Constant Head 

9 5 0.5 0.30 17 River Boundary 

10 5 0.5 0.20 25 River Boundary 

11· 5 0.5 0.20 25 Constant Head 

• Same as run 10 with the river as a constant head boundary 
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Well Number Ocl/N~v 199 Aun 1 Aun2 Aun3 Aun4 Runs Aun& Aun7 Rune Aun9 Aun 10 Aun 11 
· -·- ----- 127.76 199-H4-15A 120 136.16 129.• 117.45 94.01 128 12.557 62.09 53.734 126.93 126.S 

i oo-Hfs - -. . -·- . ---·- . . ·-- ----- . ··- -- -- . ···•---- •·•- ··-- --··-- ... . ------
154~8 ·156.57 80 174.91 158.04 132.44 94.531 158 · 9.7287 48.301 41.91 154.9 '~ 0"' 

i99:H4=-i°2 -
-- ---· ---- - ·-· - ---- ------ 221 .26 290 217.25 205.4 190.63 166.21 220 22.715 117.57 95.074 219.07 218.8 

·----·- ·-- - - ·-· --- - - ---- -
199-H4-8 130 116.51 99.761 84.607 63.467 124 4.9609 43.078 21.775 124.3 124.18 122.32 
-- --·- - ·- --·-- - -- - --- --- ---·--- - ------

-('I) 
("} 
I 

t.11 

199-H4 -7 110 136.94 122.21 110.3 93.736 137 9.3497 71.564 46.294 137.28 137.21 137.32 
·- ·-- - - . - ------ --- -·--- ----- ·- -- ----- - - ------ ---
199-H4 -6 110 59.346 56.746 53.6 46.9!lJ 57.2 9.306 34.455 31.192 58.272 57.982 57.4 
. ------- - · - -----·--- --- --- ---- -- - - ---- -- ··--- -- -- - -------- - - -------- ·-
199-H4 -9 75 169.44 141 .2 117.43 84.3!17 177 6.7393 49.617 25.414 177.61 177.52 174.91 

... • · • .. - - . - ---· .. . ---·-·. -- . -. - -- --. .. •• · - - --- -- - - ·--- ------- ... . ..... . . -- .. ·- - ------- --- -- - . ·- • · . -- . -· 
l99-H4 -3 44 285.82 231 .03 178.2J 115.05 265 9.3664 61.282 34.279 261.32 259.51 265.9 
. ...... . ·- . . . . . - -- - ---- - - - - · -- --- -- -- --- ------ - - -- ---- ---·· ----- ------- --·---- -· - ----- -
199-H4-4 110 275.96 257.75 237.78 203.78 267 25.562 141 .33 115.37 268.87 269.03 267.24 
. -- ·· ---.. --- --- ·- - ---- - - -- ·- · ----· - --- - - -- -- ---- --- -- . -- --- - ··-·--- --·- - ---- - --- ·--
199-H3 -2A 50 40.153 41 .399 39.589 36.37 44 .1 14.176 30.952 30.126 42.345 42.401 43.491 

• • •• • • - .. - - -· .. . - .. .. -· • • -·· . . ..... .. ····--··· --·--·· - .. ·· - -- .... - ·• •· ........ -···- - ·- -- ·- -- ...... - . ·•• · 

l99 -H4 -14 360 NA 239.00 224 .32 204.07 242 -· ·· 4:J. 714 165.91 143.41 241.56 . 242.29 241 .8 
. . . .. . ... ... .. . . . - - -- --- - -- ·· -·•- ... ·- - - . .... .. . . 

199-H4·-8 210 NA 209.45 169.28 116.25 255 9.3828 59.179 36.008 254 .5 255.76 255 .74 
··· ·· . ·-- -- ... . - -- .. . --·----- -- ·- -· . -- --· - · -- -- .. - - ··• ·----- --·- - ----- .. . .. --- - -
199-H4·11 110 NA 113.3 109.33 103.65 125 21.075 90.057 70.763 124.69 124.75 125.39 

igg~R-1:ij · ·-··· - -- - - -·- - --- . ··-·- ·· - - --- -··--·--- ··---- - --- ·- --- -- -- ·- -- ·- ·· 
84 NA 32.59 33.135 32.778 44.2 7.8158 33.617 23.022 40.262 40.171 39.926 

. ··- ·--··• - . •·- ·--· -- - - -- - --- ---- - · ··· - ---- - - ----·- ----·- - .. . ·---- --- - - ·- -· - ---·- ----
199-H4-48 4.5 NA 172.91 164.4 146.65 171 41.179 117.12 107.89 172.35 172.18 170.81 

00 

i t:, t:, 

.5 
'"1 0 
I» tI1 

~ ~ 
0 ..., t::cl I 

= 1,0 

~ 
~ .LJt,,,J 

~ ~ 

~ 
a-.. 
1::::) 

0 , 
- . . . . - ·- -· --- - ··- -- - - · ··---- ·-· - -------- -------·- ------ - ---- - --- - -- --- -· 

199-H4-49 66 NA 95.773 90.677 80.316 92.6 ?5.962 64 .343 60.951 93 .65 93.533 92.83£ 
C. 
('I) ..,.J:: -... - . . . ... --- . . - . . -- - . - . -· ·· --- ·- ---- ·- - --··- ·-• ·· -·---- ------- - - -·--

199-H4 -47 4.3 158.55 151. 72 142.3 126.06 151 30.06 102.4 89.597 151.91 151.85 150.17 
. ·· - ·---·- .. .. . ·· · -·· . ··- ·- - · • - -- ------ --·- ·-- -·· --·- ---- ·-·---· ·• •· - - --- -
199-H4 -46 52.7 99.137 95.478 91 .289 83.388 98 22.451 68.449 60.234 98.2 98.165 97.914 
. -- ---·- . .. - - -··- - ·- - --- ·--- - ·--·- -- -----·-- ···-- - ---· - -- --·--·· ····- -- ·- --·-
199-H5-1 84.4 40.076 41.23 39.812 36.976 42.1 15.724 32.280 31 .365 40.478 40.972 42.125 

. - .. . ... -· .. . . . .. .. . . . . .. -- . ·· - ... . ··--·-•• · ---- --• - - - - - · - ·-- ·- ···· ·••-·-- - ---- ·-·-·--- ··- .... - ·. --

~ 
co 

~ 
~ 

e. 
~ 

199H6-I 45.6 19.838 19. 103 18.265 16.897 19.7 5.7464 16.759 13.304 19.817 19.83 20.002 



(') 
I -N 

Well Number .. ····· ··- -·-
199-H4-15A 
t99-H<i -s 
199-H4-12 
t99-H4-e· 
199:H4:1 
199-H4-6 . .... 
199-H4-9 
199-H4-3 
IU9-H4 -4 
199-H3 -2A . . 
199-H4-14 
1!.19 114 -8 
l!J!J -t ti, :11 
19!J-H4-13 
19!1-H-1--10 . . ·- . 
l9!J-H4-4!J 
199-H4-47 
199-H4-46 
199-H5-1 ... .. 
199-H6-1 
Mean Error 

9-~!/N~v 199 ~~~ ! ..... Run~ ~~~ ~ __ ~un 4 Run~ Run!_ __ Run 7 _ ~~!!.~---- Run 9 ~~~ !~ ~~!"! ! ~ 
120 16.16 9.4 -2.55 ·25.99 8 -107.443 -5 HJI -66.266 6.93 6.9 7. 7fJ 

00 
290 
130 
110 
110 

75 -
44 

110 
50 

:J6o 
·-
210 
110 
84 
4.5 
(j6 

4.3 
52.7 
84 .4 
45.6 

94.91 10.04 52.44 · ·14:531 78 -70 .. 2713 -J1 _c;99 -~38.og 74ji 74 .98 1s.s1 
··- · ---·----· - ---•-· -· ----·--•- -· ·· · ·· ···- ----·--····- ·--- - ·•··- ... .. .. . _. 

-72.75 -84.6 -99.37 -123.79 -70 -267.285 -172.43 -194.926 -70.93 -71.2 -68.74 
. ··-·-· · ----- - -------- ---------- -··---- --·-•· - --- --------- -----· ... ------ - ··--- --
·13.49 -30.239 -45.393 ·66.533 -6 -125.039 -86.922 -108.225 -5.7 -5 .02 -7.613 
.. --- ---- ----·---,---------,- - ------- -- --·--- --- ---------
26.94 12.21 0.3 -16.264 27 -100.65 -38.436 -63.706 27.28 27.21 27.32 

-50~654 -.5j~254 - · :ss:4 -63.007 -52.8 -:100.694 -~75.545 -78.808 -51.728 -52:0te ---52.6 r,J 

-~1~~ -~----~ 6-6:~ -~- -. ~r~~ ~---~;~-9-1·•--------~-~-~•----=-~~~60? - ~25.JOJ - :~~~~~ -_-_!ai~~ ·· --1~~~~~ · --- 09~91 ( 
241.~2 __ ~~? -~~ 134 2~ 11.~~ _ _ ~~~ .:~~ ~~~~ 11.202 :~-?~~ __ 2!?:~~ ?~~-~1 ~~~-!l fr 
165.96 147.75 127.78 93.78 157 -84.438 31.33 5.37 158.87 159.03 157.24 
-9.847 · -···.a:001 ·· -10_·4·11 · --,5.6:i -5.9 -35.824 -rn.o~a -19~874 --7~65s -- ·::;:soo -· ·:fi_.509 es 

NA . i20-:-ri2 · : i as~Ga --, s!f95 ·· ·- ·· ~iie -=i1s:2a6 - -in~:ou 
NA ---·.ciss -110.12 ·· :gj:7s -- --•s ~00:511 - .1so i121 

NA 
NA 

-:i".:i -0.61 ·:(fas -is --·-o(io2s -rn.u13 
·- · ·· ·-- .. -- -- ···-···-· 

-51.41 -50.065 -51.222 -39.8 -76.1842 . -50.303 
. .. . -·-·-· . .. . ---· ··-- .. ·-• -- .. -- ·---- --··· ·--- ... . .. . 
NA 168.41 159.9 142.15 166.5 36.679 112.62 
NA ·29}7j 2t1.011 i4~3i6 - .. ··25~ - -'10.0j8 -1.r;s1 

- - . . .. - •· · 
154 .25 147.42 138 122.56 146.7 25.76 !18.1 
46.437 42.778 30.589 30.688 . 45.3 -·· ~30~249 ' 15j,19 
.. •·· - -- --- -- - --- . . - - ·- ------ ·· ·-

·44 .324 -43.17 -44 .508 -47.424 -42.3 -60.676 -52.112 
-25.762 -26.497 -27.335 -28.703 -25~ ·-:-jff953c; ·- ~28 841 

. ... . ---·--· - -- ·- . . -· -- - ·- - -- -- -· .. 
44 .58 23 .65 10.22 ·9.67 33.87 -U9.65 -36 51 

-216.59 -118.44 -117.71 -1 I0.2 t= 
-173.!J92 44 .5 

--- ---. - . 
-39.237 14.G9 -- ... ·- -- -
·60.!J78 -43.738 

45.76 
14.75 

-43 .029 

45 .74 
15.3!J 

-44 .074 
103.39 167.85 167.60 1GG.31 
·- 51149 ---27.65 21:533 26.039 
·- --- ·· ---- ----- ·- --- -·- - -· . 

a 
~ 
Q. 
I!. 

~~ : ~~? _1~?:~~ 147.55 14!.i.87 ~~ 
7.534 45.5 45.465 45 .214 

-· - ---- --- - - --···--- - - ··- - . . 
-53.035 -43.922 -43.428 -42 .275 
-32.296 -25 .783 

-50.44 33 39 
-25 .77 
33 .30 

-25.598 
33.52 

* * * 
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1.0 COST MODEL DETAILS AND ASSUMPTIONS 

This appendix presents the details of the cost estivates for the 100-HR-3 OU FFS. Included are 
assumptions and other criteria used to establish costs of implementing each remedial alternative. Four 
subsections are provided that include: 

Section 1.1 Present Worth Tables 
Capital expenditures and operation and maintenance costs are tabluated by year and 
linked with the discount factors to arrive at a present worth for that remedial 
technology. Dollar amounts for capital and operation and maintenance are taken from 
Cost Summary Sheets provided in Section 1. 3. 

Section 1.2 Cost Model Assumptions 
Included are assumptions for each remedial alternative by task/subtask/sub-subtask. 
The source for costs associated with the task/subtask/sub-subtask assumption(s) are 
also provided. 

Section 1. 3 Cost Summary Sheets 
The cost summary tables provide a link between the remedial alternative cost models 
and their respective present worth. It is here that capital and operation and 
maintenance costs are summed by year for subsequent entry into the present worth 
tables. 

Section 1.4 Remedial Alternative Cost Models 
Cost elements of each remedial alternative are listed by task/subtask/sub-subtask using 
the MCACES cost model software. Additional details such as lineal feet of pipe, 
pump size, and flow capacity of equipment are also included. 

Adders such as tax, project management costs, and contingencies are introduced into 
the remedial alternative cost at this stage. 

Note: This section contains detailed output from cost model analysis. Due to the 
length of this section, it has not been reproduced for this review. It will be included 
in the final document and is available upon request. 
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PRESENT WORTH CAlCUL:ATIONS 

100 D/DR AREA: INSTITUTIONAL CONTROLS 

ANNUAL DISCOUNT RATE • 5% 

CAPITAL O&M DISCOUNT ANNUAL PRESENT 

YEAR COST COST FACTOR EXPENDITURE WOFmi 

0 $0 so 1.0000 $0 $0 

1 $0 $107.931 0.9524 $107.931 $102.793 

2 $0 $107.931 0.9070 $107.931 $97.893 

3 $0 $107.931 . 0.8638 S107.931 S93.231 

4' $0 $107.931 0.8227 $107,931 $88.795 

s $0 $107,931 0.7835 S107.931 $84,564 

6 so $107.931 0.7462 $107.931 $80.538 

7 so $107,931 0.7107 $107,931 $76,707 

8 $0 $107.931 0.6768 $107,931 $73,048 

9 so $107.931 0.6446 $107,931 $69.572. 
10 $0 $107,931 0.6139 $107,931 $66.259 

11 $0 $107.931 0.5847 $107,931 $63.107 

12 so $107.931 0.5568 $107,931 $60,096 

TOTAL COST OF THE ALTERNATIVE: 
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·, _ ,DOE/RL-94-67 

Draft B 

PRESENT WORTH CALCULATIONS 

100 0/OR AREA: SHEET PILE BARRIER 

ANNUAL DISCOUNT RATE • 5% 

CAPITAL O&M DISCOUNT ANNUAL 

YEAR COST COST FACTOR EXPENDITURE 

0 $11,018,880 so 1.0000 $11,018,880 

1 so $1,402.172 0.9524 $1,402.172 

2 so $1,367,492 0.9070 $1,367,492 

3 so $1,426.602 0.8638 $1,426,602 

4 so $1,367,492 ··0.8227 $1,367,492 

5 so $1,367,492 0.7835 $1,367,492 

6 so $1,426,602 0.7462 $1,426,602 

7 so $1,367,492 0.7107 $1,367,492 

8 so $1,367,492 0.6768 $1,367,492 

9 so $1,426,602 0.6446 $1,426,602 

10 so $1,367,492 0.6139 $1,367,492 

11 so $1,367,492 0.5847 $1,367,492 

12 $32.200 $1,367,492 0.5568 . S1 ,399.692 

TOTAL COST OF THE ALTERNATIVE: 

D-6 

PRESENT 
WORTH 

$11,018,880 
$1,335,429 
$1,240,315 
$1,232 299 
$1,125,036 
$1,071,430 
$1,064,530 
$971,877 
$925,519 
$919.588 
$839,503 

$7;9,573 

S779,349 

'23,323,326 



PRESENT WORTH CALCULATIONS 

100 DIOR AREA: REMOVAL, TREATMENT, AND DISPOSAL ALTERNATIVE WITH ION EXCHANGE 

ANNUAL DISCOUNT RA TE = 5% 

YEAR 
CAPITAL 

COST 
O&M 
COST 

DISCOUNT 
FACTOR 

ANNUAL 
EXPENDITURE 

PRESENT 
WORTH 

0 $2,649,260 $0 1.0000 $2,649,260 $2,649,260 

1 $0 $907,713 0.9624 $907,713 $864,606 

2 $0 $806,417 0.9070 $806,417 $731,420 

3 $0 $986,417 0.8638 $986,417 $862,067 

4 $0 $806,417 0.8227 $806,417 $663,439 

6 $0 $806,417 0.7836 $806,417 $631,828 

6 $0 $986,417 0. 7462 $986,417 $736,064 

7 $0 $806,417 0.7107 $806,417 $673,121 

8 $0 $806,417 0.6768 $806,417 $646,783 

9 $0 $986,417 0 .6446 $986,417 $636,844 

10 $0 $806,417 0.6139 $806,417 $496,069 

11 $0 $806,417 0.6847 $806,417 $471,612 

12 $26,060 $807,683 0.6668 $832,643 $463,616 

TOTAL COST OF THE ALTERNATIVE: $10,213,509 
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DOE/RL-94-67 
Draft B 

PRESENT WORTH CALCULATIONS 

100 0/DR AREA: REMOVAL, TREATMENT, AND DISPOSAL ALTERNATIVE WITH ION EXCHANGE 

ANNUAL DISCOUNT RA TE = 5% 

CAPITAL O&M DISCOUNT ANNUAL 

YEAR COST COST FACTOR EXPENDITURE 

0 $2,649,260 $0 1.0000 $2,649,260 

1 $0 $1,616,980 0.9524 $1,616,980 

2 $0 $1,414,684 0.9070 $1,414,684 

3 $0 $1,694,684 0.8638 $1,694,684 

4 $0 $1,414,684 0.8227 $1,414,684 

6 $26,060 $1,416,850 0 .7836 $1,440,910 

6 $0 $0 0.7462 $0 

7 $0 $0 0.7107 $0 

PRESENT 
WORTH 

$2,649,260 
$1,443,819 
$1,283,118 
$1,377,488 
$1,163,861 
-$1, 128,953 

$0 
$0 

8 $0 $0 0 .6768 $0 $0 

9 $0 $0 0.6446 $0 $0 

10 $0 $0 0.6139 $0 $0 

11 $0 $0 0.6847 $0 $0 

12 $0 $0 0.5568 $0 $0 

TOTAL COST OF THE ALTERNATIVE: $8,946,489 
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360~1485 
Draft B 

PRESENT WORTH CALCULATIONS 

100 D/DR AREA: REMOVAL. TREATMENT, AND DISPOSAL ALTERNATIVE WITH REVERSE OSMOSIS 

ANNUAL DISCOUNT RATE • 5% 

CAPITAL Olli DISCOUNT ANNUAL PRESENT 

YEAR · COST · COST FACTOR EXPENDITURE WORTH 

0 $3.291.910 $0 1.0000 $3.291.910 $3.291.910 

1 so $1,729,582 0.9524 $1,729.582 $1.647,254 

.2 so $1,654,352 0.9070 $1,654.352 $1.500,497 

3 $0 S1,832.412 0.8638 $1,832,412 $1,582.837 

4 $0 $1,654,352 0.8227 $1,654,352 S1.361.035 

5 $0 $1,654,352 0.7835 $1,654,352 $1.296.185 

6 $0 $1,832.412 0.7462 $1,832.412 $1.367,346 

7 $0 $1,654,352 0.7107 $1,654.352 $1 ,175,748 

8 so . $1,854,352 0.6768 $1,654,352 $1,119,665 . 

9 so S1.832.412 0.6446 $1,832,412 $1,181,173 

10 so $1,654,352 0.6139 -$1,654,352 $1.015,607 

11 so $1,654,352 0.5847 $1,654,352 $967,300 

12 $32330 $1,654,352 0.5568 $1.686,682 $939,145 

TOTALCOSTOFTHE ALTERNATIVE: 
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. , DOE/RL-94-67 

Draft B 

PRESENT WORTH CALCULATIONS 

100 H AREA: INSTITUilONAL CONTROLS 

ANNUAL DISCOUNT RATE • 5% 

CAPITAL O&M DISCOUNT ANNUAL 

YEAR COST COST FACTOR EXPENDITURE 

0 so so 1.0000 so 
1 so $107,931 0.9524 $107,931 

2 so $107,931 0.9070 $107,931 

3 so $107,931 0.8638 $107,931 

4 $0 $107,931 0.8227 $107,931 

5 so · $107,931 0.7835 $107,931 

8 so $107,931 0.7462 $107,931 

7 so $107,931 0.7107 $107,931 

8 so · $107,931 0.6768 $107,931 

9 so $107,931 0.8446 $107,931 

10 so $107,931 0.6139 $107,931 

11 so $107,931 0.5847 · $107,931 

12 so $107,931 0.5568 $107,931 

TOTAL COST OF THE ALTERNATIVE: 
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PRESENT 
WORnf 

so 
$102,793 
$97,893 

$93.231 
$88.795 
$84,564 

$80.538 
$76.707 
$73,048 
$69,572 

$66.259 
$63,107 
$60,096 

$956,603 



DOE/RL-9 · 3360 .. 1486 
Draft B 

• 

PRESENT WORTH CALCULATIONS 

100 H AREA: HYDRAULIC CONTROL 

ANNUAL DISCOUNT RATE • 5% 

CAPITAL O&tM DISCOUNT ANNUAL PRESENT 

YEAR COST COST FACTOR EXPENDITURE WORTH 

0 $3,896.880 so · 1.0000 $3,896,880 $3.896,880 

1 $0 $656,640 0.9524 $656.640 $625,384 

2 $0 $626,560 0.9070 $626,560 $568,290 

3 so $833.670 0.8638 $833,670 $720,124 

4 so $626,560 0.8227 $626,560 $515,471 

5 so $626,560 0.7835 $626,560 $4SI0,910 

6 so $833,670 0.7462 $833,670 $622.085 

7 so $826,560 0.7107 $626,560 $445,296 

8 so $626,560 0.6768 $626,560 $424,056 

9 $0 $833,670 0.5446 $8.13,670 $537,384 

10 so $826,560 0.6139 $826,560 $384,645 

11 so $626,560 0.5847 $626,560 $366,350 

12 $32.230 $626.560 0.5568 $658.790 $366,814 

TOTALCOSTOFTHE ALTERNATIVE: 
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DOE/RL-94-67 
Draft B 

PRESENT WORTH CALCULATIONS 

100 H AREA: REMOVAL, TREATMENT, AND DISPOSAL ALTERNATIVE WITH ION EXCHANGE 

ANNUAL DISCOUNT RA TE = 5% 

YEAR 
CAPITAL 

COST 
O&M 
COST 

DISCOUNT 
FACTOR 

ANNUAL 
EXPENDITURE 

PRESENT 
WORTH 

0 $2,616,760 $0 1.0000 $2,616,760 $2,616,760 

1 $0 $1,063,287 0.9624 $1,063,287 $1,012,676 

2 $0 $867,223 0.9070 $867,223 $786,671 

3 $0 $1,060,223 0.8638 $1,060,223 $916,821 

4 $0 $867,223 0.8227 $867,223 $713,464 

6 $0 $867,223 0 . 7836 $867,223 $679,469 

6 $0 $1,060,223 0.7462 $1,060,223 $791,138 

7 $0 $867,223 0.7107 $867,223 $616,335 

8 $0 $867,223 0.6768 $867,223 $586,937 

9 $0 $1,060,223 0.6446 $1,060,223 $683,420 

10 $0 $867,223 0.6139 $867,223 $632,388 

11 $0 $867,223 0.6847 $867,223 $607,066 

12 $26,060 $870,331 0.6668 $896,391 $498,664 

TOT AL COST OF THE ALTERNATIVE: $10,939,587 
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DOE/RL-9 
Draft B 

3360.1487 

PRESENT WORTH CALCULATIONS 

100 H AREA: REMOVAL, TREATMENT, AND DISPOSAL ALTERNATIVE WITH ION EXCHANGE 

ANNUAL DISCOUNT RA TE = 5% 

CAPITAL O&M DISCOUNT 

YEAR COST COST FACTOR 

0 $2,616,760 $0 1.0000 

$0 $1,703,824 0 .9524 

2 $0 $1 ,607,760 0 .9070 

3 $0 $1 ,700,760 0.8638 

4 $0 $1,607,760 0.8227 

6 $26,060 $1 ,610,868 0 .7836 

6 $0 $0 0.7462 

7 $0 $0 0 .7107 

8 $0 $0 0 .6768 

9 $0 $0 0.6446 

10 $0 $0 0.6139 

11 $0 $0 0.6847 

12 $0 $0 0.5568 

TOTAL COST OF THE ALTERNATIVE: 

D-lla 

ANNUAL 
EXPENDITURE 

$2,616,760 
$1 ,703,824 
$1 ,607,760 
$1,700,760 
$ 1,507 ,760 

$1 ,636,928 
$0 
$0 
$0 
$0 
$0 
$0 
$0 

PRESENT 
WORTH 

$2,615,750 
$1,622,722 
$1,367,638 

$1,469,116 
$ 1,240,434 
$1 ,203,400 

$0 
$0 
$0 
$0 
$0 
$0 
$0 

$9,518,961 



· DOE/RL-94-67 

Draft B 

PRESENT WORTH CALCULATIONS 

100 H AREA: REMOVAL, TREATMENT, AND DISPOSAL ALTERNATIVE WITH REVERSE OSMOSIS 

ANNUAL DISCOUNT RATE • 5% 

CAPITAL O&iM DISCOUNT ANNUAL PRESENT 

YEAR COST COST FACTOR EXPENDJTURE WORTH 

0 $7,161,350 so 1.0000 $7,161,350 $7,161,350 

1 so $2,388,125 0.9524 $2.388,125 $2.274,450 

2 so $2,312,895 0.9070 $2.312.895 $2,097,796 

3 so $2.520.435 0.8638 $2,520,435 $2,177,152 

4 $0 $2.312.895 0.8227 $2,312,895 $1,902.819 

5 $0 $2.312.895 0.7835 $2.312.895 $1,812.153 

6 so $2.520,435 0.7462 $2.520,435 $1,880,749 

7 so $2.312.895 0.7107 $2.312.895 $1,643,774 

. a so $2,312,895 0.6768 $2,312,895 $1,565,367 

9 so $2.520,435 0.6446 $2.520,435 $1,624,672 

10 so $2.312,895 0.6139 $2.312.895 · $1,419,886 

11 so $2.312.895 0.5847 $2.312.895 $1,352,350 

12 $32.300 $2.312.895 0.5568 $2.345.195 $1,305,805 

TOTAL COST OF THE ALTERNATIVE: ,-ZtB,323 
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DOE/RL-~ . !3360 ._ I 488 
Draft B 

SECTION 1.2 COST MODEL ASSUMPTIONS 
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D/DR INSflTUflONAL CONTROLS/CURRENT ACTION . 

. 
. TASK NUMBER As.wMPl'IONS JUSfmCATION 

ANA:02.08.02. • Assume sampling of 7 moniloring wells oa a semiannual basis for DOI! Cost Mceling 

Ground Waler lhc 12-ycar lifccyclc ( 14 samples/yr) 
Analysis (Yrs 1-12) • All on-silc sample analyses performed by WHC mobile lah. 

• 10% off-sile vcrilicalion analysis of reduced analytc list with CLP 
protocol. (10% of 14 • I ca) 

I ., 

WHC:02.08.02. • Assume sampling of 7 monitoring well on a semiannual basis for DOE Cosl Meeting 

Ground Waler the 12-year lifecycle ( 14 samples/yr) - Total samples • 14 

Analysi1 (Yrs 1-12) • 90% of umplcs for analysis al mobile lah 
(90% of 14 • IJ) 

WHC:02.01.04. • Assume sampling of 7 monitoring wells on I semiannual basis for DOE Cost Meeting 

Ground Waler the 12-year lifccycle. (14 samples/yr) 
Monilor Samples • Assume 2 field technicians for 6 hours on a semiannual hai.h, for 

0 
the 12-year lifccyde. (24 hrs/yr) 

I -.... WHC:13.21 . 11 • Assume 2 FTE's for 6 monlhs each year HR-3 Cost Workshop 

Prepare Annual 
Report (Yrs 1-12) 



/ • 

D AREA SHEET PILE 

TASK NUMBER ASSUMPTIONS JUSTIFICATION 

ANA:02.08.02. Ground • Assume sampling or 7 monitoring wells on 1 Best professional judgement 

Water Analysis Yr 1-12 semiannual basis for lhe 12-year lifccycle. f 

(14 samples) 

• Assume monthly performance moniloring or 7 wells Best professional judgement 

for lhe 12-year lifecycle. 
(84 Samples) 
- Total samples • 91 

• All on-site sample analyses performed by WHC DOE Cost Meeting 
mobile lab 

• 10% orf-sile veriricalion analysis of reduced analyle DOE Cost Meeting 
list with CLP protocol. 

0 
(10% or 98 .. 10 ea) 

I -Ll'I SUB:01.02. Mobilize • Includes mobilization of rield office, storage, and Best professional judgement 

Trailers decontamination trailers 

SUD:01.04. Se1up Trailers . . Includes se1up or field orfice, storage, and Best professional judgement 
decontaminarion trailers 

SUD:01.04.02. Construct • Work to be Performed: Best professional judgement 

Decon Arca Constru\:t decontaminalion area/pad ~or cquipmcnl 
and vehidcs 

• Crew and Equipmenl: 
Filled Price Contractor:I Group 6 Operator, 3 Group 
I Laborers, and J Group 2 Laborers 
Equipment: I Backhoe, I pickup truck 
Output: 
Assumed duration for this activity is l crew days. 

• Allowance for Tank . 
Assume IOOO gal plastic tank for water collection 

SUB:01.04.0l. Site Survey • Survey site for construction Best professional judgement 



. I 

. TASK NUMBER ASSUMPTIONS JUSTIFICATION I 
SUB:01.0S. Construct • Includes connections for temporary electricty, Best professional judgement 

Temporary Utilities telephone, water, and sewer f acilhies 

SUB:01.06 Pre- • Includes pre-construction submittals by fixed - price Best professional judgement 

Construction Submittals contractor I 

SUB:03.03. Earthwork • Includes dirtwork to prepare she Best professional judgement 

SUB:03.04. • Access Roads to Wells Wall length a'nd well spacing 

Roads/Parking/ Assume I SOO If of road per well, 10 ft wide, native utilized to estimate road placement, 

Curbs/Walks materials Richardson Cost Estimating Guide 
I 500 If /well x 4 wells • 6000 If 

SUB:06.01.01. Well • Drill/Install Extr/lnject Wells Modelling, geological reports, and 

t, 
I 

Drilling & Construction Note: 2 new eJttraction wells and 2 new injection actual costs from WHC RCRA 
wells, 100 ft deep, I in diameter, screened for SO rt. drilling program -°' Unit cost is assumed to include handling and 
packaging of contaminated well cuttings, transport tu 
the disposal facility and associated disposal r ees. . 

• Allowance well llead Covers Desi professional judgement 
Assume manhole type cover al each well head 

• Allowance for Well Pumps-20 gpm Desi professional judgement 

• Allowance for Water Level Monitoring Uest professional judgement 
Instrumentation 
Assume S piezometen per extraction well using well 
points 

• Allowance for Well Testing Best professional judgement 

SUB:06.01.04. Operations • Allowance for Well Work over Best professional judgement 
and Maintenance 3,6,9 Assume I every l years for each well for the 12-year 

lif ecycle. Workovers in years l,6,9 
• Allowance for Well Pump Best professional judgement 

Assume I ,,ump replacement per utraction well 
every three years for the 12-year lifecycle. Pump 
replacement in years l,6,9. 



. . 
TASK NUMBER ASSUMPTIONS JUSTIFICATION 

SUB:06.01.9X. Sile Piping • Allowance for Piping from exlraclion well lo Wall length and well spacing used 
consolidalion facility. lo estimate flowline lenglh, best 
Assume I SOD If of double-wall PVC piping per professional judgement I 
ex1rac1ion well. I S00 If /well x 2· wells • 3000 If 

• Allowance for Force Main Discharge Piping 
Assume I S00 If of double-wall PVC piping per 
injection well. I SOO If /well ll 2 wells • 3000 If 

SUB:06.03. • Cons1ruc1 Sheet Pile Wall Vendor quote 
Sheet Pile Assume SO fl deep x 4300 If 

Includes mob of equipment, excavation, and 
installalion of sheet piles. 

I~ SU0:20.04. Sile • Includes revegelation al end of project Best professional judgement 

0 Resloralion 
I --I SUB:21.02.02 Demobilize • Includes demobilization of field office, storage, and Oest professional judgement . 

Personnel und Equipment decontamination trailers 

SUD:21 .04.02. Demobilize • Includes decomobilization of field office, slorage, and Best professional judgemenl 
Temp Facilities decontaminalion lrailers 

• Crew and Equipment: 
Filled Price Conlrac1or: I Group 6 Operalor, 3 Group 
I Laborer, and 3 Group 2 Laborers 

• Equipment I backhoe, I pickup truck 

• Ou1pu1: 
Assumed dura1ion for lhis activi1y is I crew day 

SUB:21.0S Disconnect • Includes disconnecting eleclricily, lelephone, waler, Best professional judgement 
Temporary Utililies and sewer services 



I 
I 

. TASK NUMBER ASSUMPTIONS JUSTIFICATION I 
SU 8:21.04.02. Remove • Crew and Equipment Best professional judgement 

Decon Area Fixed Price Contractor: I Group 6 Operator. l Group 
I Laboren. and l Group 2 Laborers 
Equipment: I backhoe, I pickup 

' Output: 
Assumed duration for this activity is I crew day. 

SU 8:21 .06. Post- • Includes post-consrruction submittals by fixed-price Best professional judgement 

Construction Submittals contractor 

WHC:02.08.02. Ground • Assume sampling of 7 monitoring wells on a DOE Cost Meeting 
Water Analysis semiannual basis for lhe 12-year lifecyclc. 

(14 samples) 

• Assume monthly performance monitoring or 7 wells Oest professional judgement 

0 for lhe 12-year lifecycle. 
I -00 

(84 samples) 
- Total samples• 98 

• 90% of samples analyzed by mobile lab DOE Cost Meeting 
(90% or 98 - 88) i' 

• All on-site samples analyses performed by WHC DOE Cost Meeting 
mobile lab 

Wt-lC:02.08.03. Take • Assume sampling of 7 monitoring wells on a DOE Cost Meeting 
Ground Water Samples semiannual basis for the 12-year lifecycle. 

(14 samples) 
• Assume 2 Field Tcchnici:lns for 6 hours on a Uest professional judgcmcnl 

semiannual basis for lhe 12-year lifecycle. 
(24 hrs/yr) 

WHC:06.03. Verlical • Assume WHC QA and Safely oversite for the Best professional judgement 
Barrier (Sheet Pile Wall). construction project. 
Yr I 



0 
I --'° 

TASK NUMBER 

WHC:06.0S. Operation and • 
Maintenan~c 

WHC:13.21.11 Prepare • 
Annual Report Yr I 

WIIC: 13.21.11. Prepare 
Annual Report Yrs 2-12 

• 

ASSUMPTIONS 

WHC Allowance for Electricity 
Wells: · 147 kW-h/d 
Assume 24 hr/day x ~6S days/yr 
Total• Sl,600 kW-h/yr 

Assume 2 Ff E's for 6 months per year 

Assume 2 FTE's for 4 months per year 

JUSTIFICATION 

Vendor catalogs, vendor quotes 

HR-3 Cost Workshop 

HR-3 Cost Workshop 

- - - - - - ------------



t, 
I 

N 
0 

TASK NUMBER 

ANA:02.08.02. Ground 
Water Analysis'Yr - 1 

ANA:02.08.03 . Ground 
Water Analysis Yrs 2-5 

SUB:01.02.02 Mobilize 
Trailers 

SUB:01.04.Pl Setup Trailers 

• . 

• 
• 

• 
• 

• 

• 

• 
• 

• 

• 

D AREA ION EXCHANGE 

ASSUMPTIONS 

Assume shake-down period with following sampling of 
treatment system: 
- First 2 days: Sample each day of influent and 

effluent (4 samples) 
- Next 4 weeks: 1 sample per week of influent and 

effluent (8 samples) 
1 sample every 2 weeks of the influent and effluent for the 
remainder of year 1 (48 samples/yr) 
Assume sampling of 7 monitoring wells on a semiannual 
basis for the 5-year lifecycle 
(14 samples/yr) 
All onsite sample analyses performed by mobile lab 
10% offsite verification analysis of reduced analyte list with 
CLP protocol. 

Assume 1 sample every 2 .weeks of influent and effluent for 
the 5-yr lifecycle. 
(52 samples/yr) 
Assume sampling of 7 monitoring wells on a semiannual 
basis for the 5-yr lifecycle 
(14 samples/yr) 
All onsite samples analyses performed by mobile lab 
10% offsite verification analysis of reduced analyte list with 
CLP protocol 

· Includes mobilization of field office, storage, and 
decontamination trailers 

Includes setup of field office, storage, and decontamination 
trailers 

JUSTIFICATION I 
Best professional judgement I 

I 

Best professional judgement 

Best professional judgement 

DOE Cost Meeting 
DOE Cost Meeting 

Best professional judgement 

Best professional judgement 

DOE Cost Meeting 
DOE Cost Meeting 

Best professional judgement 

Best professional judgement 



I TASK NUMBER I ASSUMPTIONS I JUSTIFICATION I 
SUB:01 .04.02. Construct • Work to be Performed: Best professional judgement 

I Decon Area Construct decontamination area/pad for equipment and 

vehicles. 

• Crew and Equipment 
Fixed Price Contractor: 1 Group 6 Operator, 3 Group 1 

Laborers, and 3 Group 2 Laborers 
Equipment: 1 backhoe, 1 pickup truck 

• Output: · ' 
Assumed duration for this activity is 3 crew days 

• Allowance for Tank 
Assume 1000 gal plastic tank for water collection 

SUB:01.04.03 Site Survey • Survey for artifacts Best professional judgement 

SUB:01.05 Construct • Includes connections for temporary electricity, telephone, Best professional judgement 

Temporary Utilities water, and sewer facilities 

t, 
I 

N -
SUB:01.06 Pre-Construction • Includes pre-construction submittals by fixed-price contractor Best professional judgement 

Submittals 

·SUB:03.03 Earthwork • Includes dirtwork to prepare site Best professional judgement 

SUB:03 .04. • Access Roads to Wells Well spacing utilized to estimate road 

Roads/Parking/Curbs/ Assume 10 ft wide, native materials placement, Richardson Cost Estimating 

Walks Guide 

SUB:03 .05. Fencing • Allowance for Permanent Fencing Industry standard, Best professional 

Assume 7 ft high security fence judgement 



I TASK NUMBER I ASSUMPTIONS I JUSTIFICATION ii 
SUB:06. Groundwater • Drill/install extraction wells Modelling, geological reports, and actual 

Collection and Control Note: 5 new extraction wells 80 ft deep and 5 new injection costs from WHC RCRA drilling 

wells, 100 ft deep, 8 in. diameter. Unit cost is assumed to program 
include handling and packaging of contaminated well 
cuttings, transport to the disposal facility, and associated 
disposal fees. 

• Allowance for Well Pumps and Installation - 10 GPM Richardson Cost Estimating Guide, Best 

• Allowance for Controls and Connections at Well Heads professional judgement , 
• Allowance for Water Level Monitoring Instrumentation Best professional judgement 

• Assume refurbishing existing wells . Best professional judgement 

• Allowance for Well Head Covers Best professional judgement 

Assume manhole type cover at each well head 

• Allowance for Well Testing Best professional judgement 

SUB:06.01.04. Operations • Allowance for Well Workover Best professional judgement 08 
and Maintenance 3 Assume 1 workover every 3 years for each well for the 5- g, t?1 

t:, year lifecycle. ~~ I 
N Workovers in year 3 
N 'f • . Allowance for Well Pump Replacement Best professional judgement 

°' Assume one pump replacement and installation per well every ' -....J 

3 years for the 5-year lifecycle 
Replacement in year 3 

SUB:06.01.9X. Site Piping • Allowance for Piping from Well Well spacing utilized to estimate flow 
Head to Treatment Plant - double-wall PVC piping line length, Best professional judgement 

• Allowance for Leak Detection 

• Allowance for Force Main Discharge Piping - single wall 
PCV piping 
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I TASK NUMBER 

SUB: 12. Chemical Treatment 

SUB:20.04 Site Restoration 

SUB:21.04. Dell)obilze Temp 
Facilities 

SUB:21.05 Disconnect 
Temporary Utilities 

SUB:21.06 Post-Construction 
Submittals 

I 
• 

• 

• 

• 

• 
• 
• 

• 
• 

• 

• 

ASSUMPTIONS I JUSTIFICATION ii 
Excavate and prepare site for construction Vendor quote I 
Assume a tent structure complete with frame, doors, and roll- I 
up doors. 
Ion Exchange Equipment/Staging 
Includes 1 x 150 gpm treatment system. Resin included in Vendor quote, results from treatability 

O&M. study 

Allowance for Bldg Electrical 
Includes lighting, fixtures, motor starters, controllers, Best professional judgement ' 
junction boxes, transformer, chart recorders, annunciators, 

panels, conduit, and wiring. 
Allowance for Bldg Mechanical 
Includes equipment installation and connections, Best professional judgement 

controls/instrumentation, interior piping (plastic), floor drains 

and piping. 

Includes revegetation at end of project Best professional judgement 

Includes removal of decontamination area Best professional judgement 

Crew and Equipment: 
Fixed Price Contractor: 1 Group 6 Operator, 3 Group 1 
Laborer, and 3 Group 2 Laborers 
Equipment: 1 backhoe, 1 pickup truck 
Output: 
Assumed duration· for this activity is 1 crew day 

Includes disconnecting electricity, telephone, water, and Best professional judgement 

sewer services 

Includes post-construction submittals by fixed-price contractor Best professional judgement 



I TASK NUMBER I ASSUMPTIONS I JUSTIFICATION I 
WHC:02.08.02. Ground • Assume shake-down period with following sampling of Best professional judgement, cost 

Water Analysis Yr - 1 treatment system: meeting 

- First 2 days: Sample each day of influent and 
effluent (4 samples) 

- Next 5 weeks: 1 sample per week of influent and 
effluent (8 samples) 

• 1 sample every 2 weeks of influent and effluent for 
remainder of year ( 48 samples/yr) I 

• 90 % of samples analyzed a mobile lab DOE Cost Meeting 

• HACH kit samples are taken 2 per day for the 5-yr lifecycle DOE Cost Meeting 

plus an additional 48 samples during the shake-down period. 

WHC:02.08.03 . Ground • Assume 1 sample every 2 weeks of the influent and effluent Best professional judgement 

Water Analysis Yr 2 - 5 for the 5-yr lifecycle. tr 
(104 samples/yr) 

0 Cf .., tr1 

e, • Assume sampling of 7 monitoring wells on a semiannual DOE Cost Meeting ~~ 
I basis for the 5-year lifecycle. t:D I 

N 
~ (14 samples/yr) f • 90 % of samples analyzed at mobile lab DOE Cost Meeting ...J 

• HACH kit samples are taken 2 per day for the 5-yr lifecycle. DOE Cost Meeting 

WHC:02.08.04. Ground • Assume sampling of 7 monitoring wells on a semiannual DOE Cost Meeting 

Water Monitor Samples basis for the 5-year lifecycle. 
(14 samples/yr) 

• Assume 2 field technicians for 12 hours on a semiannual Best professional judgement 
basis for the 5-year lifecycle. 
(24 hrs/yr) 

WHC: 12.05.06 Personnel • • Includes operator time and allowance to attend 40-hour Best professional judgement 

Training training 



t:, 
I 

N 
V, 

I TASK NUMBER 

WHC: 12.05.08 Operations & 
Maintenance Yrs 1-5 

I 
• 

• 
• 

• 

• 
• 

ASSUMPTIONS I JUSTIFICATION d 
Treatment facility will be fully staffed with 2 FfE's per Best professional judgement 

shift, 1 shift per day, 7 days per week. 
(365 days/yr x 8 hrs/day = 2,920 hrs/yr) 
Ion exchange media for chromium treatment Vendor quote, treatability test report 

2 FfE crew will be composed of the following members: results 

0.25 ea - supervisor 
1.00 ea - operator 
0.50 - engineering support ' 
0.25 ea - maintenance engineer 
Allowance for electricity 
Wells: 806 kW-hr/d Vendor catalogs, vendor quotes 

Ion Exchange Plant: 1594 kW-hr/d 
Assume 24 hrs/day x 365 days/yr 
Total = 875,737 kW-hr/yr 
Ion Exchange Media will not require replacement during the 
5-year lifecycle Boomsnub data, best professional 

pH adjustment judgement 
Boomsnub data 

•• 



I TASK NUMBER I ASSUMPTIONS I JUSTIFICATION , I 
WHC: 12.05.08 Operation and • Disposal Fee for ion exchange media HR-3 Cost Workshop 

Maintenance Assume disposal at ERDF for year 5 

WHC: 12.05.11. Prepare • Assume 2 FfEs for 6 months each year HR-3 Cost Workshop 

Annual Report Yr 1 

WHC: 12.05.12. Prepare • Assume 2 FfEs for 4 months each year HR-3 Cost Workshop 1 

Annual Report Yrs 2-5 

0 
I 

N 

°' 
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D AREA REVERSE OSMOSIS 

TASK NUMBER ASSUMPTIONS JUSTIFICATION 

A NA:02.01.02. • Assume shake-~own period with the followin1 sampling schedule Best professional judgement 
Ground Water for the treatment system: 
Analysis .(YR I) - First 2 days: Samples every four hours of influent and effluent 

(24 samples) 
- Nelli S days: I sample per day of influent and effluent ( I 0 I 

samples) 
- Next 7 weeks: I sample per week of influent and erfluenl ( 14 

samples) 
• I sample per filter change out ( I week) of the influent and effluent Best professional jud~ment 

for the 12-yr lifecycle ( 104 samples/yr) 
• Assume sampling of 7 monitoring wells on a semiannual basis for Dest professional judgement 

the 12-year lifecyclc (14 samples/yr) - Total samples• 166 
• All on-site samples analyses performed by WHC mobile lab DOE Cost Meeting 
• 10% off-site verification analysis of reduced analyte list with Cl.I' DOE Cost Meeting 

0 protocol. (IO'Mi of 166 • 17 ea) 
• N 
00 A NA:02.01.03. • Assume I sample per filter change out ( I week) of the inrlucnl and Desi professional judge men I 

Ground Water effluent f~r the 12-yr lifecycle. {104 samples/yr) 
Analysis (YRS 2- • Assume sampling of 7 monitoring wells on a semiannual basis for nest professional jm.lgcmcnl 
12) the 12-year lifecycle (14 samples/yr) - Total Samples• 111 

• All on-site sample analyses performed by WIIC mobile lah DOE Cost Meeting 
• 10% off-site verification analysis of reduced :malyte list with CLP DOE Cost Meeting 

protocol (I 0% of 111 • 12) 

SUB:01.02.02 • Includes mobilization of field office, storage. and decon trailers Dest professional judgement 
Mobilize Trailers 

SUB:01.04.01. • Includes setup of field office, storage. and decon trailers Uest professional judgement 
Setup/Construct 
Temporary 
Facilities 

. 



TASK NUMBER ASSUMPTIONS JUSTIFICATION 

St:JB:01.04.02. • Work to be performed: Best professional judgement 
Construct Decon Construct decontamination area/pad for equipment and vehicles. 
Area • Crew and Equipm~nt . 

Fixed Price Contractor: I Group 6 Operator. 3 Group I Laborers. • 
3 Group 2 Laborers I 
Equipment: I backhoe. I pickup truck 
Assumed duration for this activity is l crew days. 

• Allowance for Tank 
Assume 1000 gal plastic tank for water collection 

SU B:0 1.04.03. Site • Survey site for construction · Dest professional judgement 
Survey 

SUD:01.0S. • Includes connections for temporary electricity. telephone. water. Dest professional judgement 
Conshuct and sewer services 
Temporary 

0 Utilities 
I 

N 

'° SUD:01.06. Pre- • Includes pre-construction submittals by fixed-price contractor Best professional judgement ... 
Construction 
Submillals 

SUD:03.03. • Includes dirtwork to prepare site Best professional judgement 
Earthwork 

SlJ0:03.04. • Assume I S00 If of access road per well. IO ft· wide. native materials Well spacing utilized to estimate 
Roads/Parking/ I S00 If /well x 12 wells • I a.ooo If road placement, Richardson Cost 
Curbs/Walks Estimating Guide 

SUB:03.0S. • Allowance for Permanent Fencing Industry standard, Best professional 
Fencing Assume 7 ft high security fence judgement 

SUD:03.06 • Includes pulling power to sire Dest professional judgement 
Electrical . 
Distribution 
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TASK NU~BER 

.SUB:06. 
Groundwater 
Collection &. 
Control . 

SUB:06.01 .04 
Operations and 
Maintenance l,6,9 

SUB:06.0 l.9X. 
She Piping 

ASSUMPTIONS 

• Drill/Install Exlr/lnject Wells 
Note: 6 new extraction wells and 6 new injection wells, 100 fl 
deep, I in diameter, screened for SO ft. Unit cost is assumed lo 
include -handling and cullings, transport to the disposal facilhy, 
and associated disposal fees. 

• Allowance for Well Pumps - 10 gpm 
• Allowance for Waler Level Monitoring lns1rumen1a1ion 

Assume S peizomelers per extraction well using well points 
• Allowance for Well Head Cove·rs 

Assume manhole type cover at each well head 
• Allowance for Well Testing 

• Allowance for Well Workover 
Assume I workover for every l yrs. for each well; workovers in 
years l,6,9 

• Allowance for Well Pump Replacement. Assume I pump 
replacement per extraction well every l years; pump replacemenls 
in years 3,6,9 

• Allowance for Piping from Well Head to Treatment Plant 
Assume I S00 If of double-wall PVC piping per extraction well. 
I S00 If /well x 6 wells • 9000 If 

• Allowance for Force Main Discharge Piping 
Assume I S00 If of single-wall PVC for each injection well . 
I S00 If /well x 6 wells - 9000 If 

I 

JUSTIFICATION I 

Modelling. geological reports. I 
and actual costs frnm WHC RCRA 
Drilling Program 

Richardson Cost Estimating Guide,, 
Best professional judgement 

Desi prof es~ional judgement 

Oest professional judgement 

Dest professional judgement 

Desi professional judgement 

Well spacing utilized to estimale 
flow line length, Dest professional 
judgement 



• 

TASK NUMBER 

Sl:JB: 13.21.04. 
Construction of 
Permanent Plant 

SUD: 20.04 Sile 
Resloration 

SUD: 21.02.02 
Demobilization 

SUB: 21.04.02. 
Remove Dccon 
Area-Yr 12 

ASSUMPTIONS 

• Excavate and Install Building Foundation 
• Install Butler Building 

Assume a prefabricated heated building complete with frame, 
doors, roll up doors, gutters. insulation. and roof vent. 

• Reverse Osmosis Equipment/Staging 
Includes I - 60 gpm treatment system. 22S psi inlet 1>ressure, 10% 
reject 

• Vapor Recompression Ev:1porator 
Capacity • 60 gpm x 0.1 • 6 gpm. includes startup boiler, 2% reject 

• Rotary Drum Filter/Dryer 
Li,1uid loading: 60 gpm ll 0.1 x 0.02 • 0.12 gpm • 60 lbs/hr 
Drying area • 10 sf 

• Steam Generator 
Evaporate 0.12 gpm • 60 lbs/hr 103.000 BTU 

• Allowance for Bldg Electrical 
Includes lighting, fixtures, motor starlers. controllers, junction 
boxes, transformer, chart recorders. annunciators, panels, conduit, 
and wiring. 

• Allowance for Bldg Mechanical 
lpcludes equipment installation and connections. 
controls/instrumenlalion, interior piping (plastic). floor drains and 
piping, and HV AC. 

• Includes revegclillion al end of project 

• Demobilize field office, slorage, and decontamination trailers 

• Includes removal of decontamination area 
• Crew and Equipment: 

Fixed Price Conlractor: I Group 6 Operator, 3 Group I Laborers. 
and 3 Group 2 Laborers 
Equipment: I backhoe, I pickup 
Output Assumed duration for this activity is I crew day 

JUSTIFICATION 

Best professional judgement 

Vendor quote 

Vendor quote 

Richardson Cost Estimating Guide 

Vendor catalog 

Oest professional judgement 

Best professional judgement 

Dest professional judgement 

Dest professional judgement 

Best professional judgement 
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TASK NUMBER 

SUD 21.0S 
Disconnect 
Temporary 
Utilities 

SUD 21.06 Post-
Construction 
Submiltals 

WHC:02.01.02. 
Ground Water 
Analysis-Yr I 

ASSUMPTIONS JUSTIFICATION I 

• Includes 'disconnecting electricity, telephone, waler, and sewer Desi professional judgement I 
services. 

• Includes post-construction submiuals by fixed-price contractor Best professional judgement 

' 
• Assume shake-down period with the following sampling of Best professional judgement, cost 

treatment system: meeting 
- First 2 days: Sample every four hours of inrluenl and effluent 

(24 samples) 
- Next S days: I sample per day of inrluent and cfrlucnl 

( 10 samples) 
- Next 7 weeks: I sample per week of inrluent and effluent 

(14 samples) 
• I sample per filler ch;rngc out ( I week) of the influcnl :ind effluent Desi professional judgement 

for the 12-yr lifecycle (104 samples/yr) 
• Assume sampling of 7 moniloring wells on a scmi:innu:11 basis for IJcsl prof cssion:il jm.lgcmcnl 

the 12-year lifecycle ( 14 samples/yr) 
- Total samples • 166 

• 90% of samples for analysis at mobile lab 
(90% or 166 • 149) 

• IIACH kit samples 11rc lilkcn I per shirt for the 12-yr lifecydc plus DOE cost meeting 
an uddilional 41 samples during the shake-down period. 
(1141 samples) DOE cost meeting 

• IIACH Kil Replacement 
Ass-ume I per yr 
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TASK NUMBER 

WI IC:02.01.03. 
Ground Water 
Analysis-Yrs 2-12 

WHC:02.01.04. 
Ground Water 
Monitor Samples 

WHC: 13.21.06. 
Personnel Training 

Wt-IC: 13.21.08. 
·Operation and 
Ma int- Yrs 1-12 

ASSUMPTIONS JUSTIFICATION 

• I sample per filler change out ( I week) of the influent and effluent Best professional judgement 
for the 12-yr lifecycle (104 samples/yr) 

• Assume sampling of 7 monitoring wells on a semiannual basis for 
the 12-year lifecycle ( 14 samples/yr) DOE cost meeting 
- Total samples • 111 

• 90% of samples for analysis at mobile lab 
(90% of 111 • 106) 

• HACH kit samples arc taken I per shift for the 12-yr lifecycle DOE cost meeting 
(1143 samples) 

• WIIC HACH kit Replacement DOE cost meeting 
Assume I per yr 

• Assume sampling of 7 monitoring wells on a semiannual basis for 
the 12-year lifecyclc. • 
(14 samples/yr) 

• Assume 2 field technicians for 6 hours on a semiannual basis for 
lhe 12-year lifecycle. 
(24 hrs/yr) 

• Nole: This account 10 allow for operator time and an allowance for 
40 hour training course 

• Treatment facility will be fully staffed with 2 FTE's per shifl, 3 
shifls per day, 7 days a>er week. 
(36S days/year x 24 hrs/day • 1760 hrs) 

• Reverse Osmosis fillers will be replaced every week for the 12-
year lif ecycle. 

• 2 FTE crew will be composed of the following members: 
0.2S ea - supervisor 
1.00 ea - operator 
0.SO ea - TP tech support 
0.25 ea - maintenance supervisor . 

DOE cost meeting 

Best professional judgement 

Best professional judgement 

Best professional judgement 

Best professional judgement 

·~ 



I 
TASK NUMBER ASSUMPTIONS J USTI Fl CATION I 

WHC: 13.21.08. • Allowance r or Electricity Vendor catalogs, vendor quotes I 
Operation and Wells: 161 kW-hr/d 
Maint-Yrs 1-12 RO System: 237 kW-hr/d · 
(Continued) Recompr Evap: 691 kW-hr/d 

Rotary Filter/Drum: 722 kW-hr/d 
Assume 24 hrs/day x j6S days/yr I 
Total • 661,0IS kW-hr/yr 

• RO System Chemicals Vendor quote 
Includes scale inhibilors, S0.29/1000 gal 
60 gpm ll 1440 m/d ll 36S d/y • 31.S MMgpy 

• Reverse Osmosis 1:illcr Rcplac~mcnt 
Assume replacement of 2 filters on a weekly basis for the 12-year Oest professional judgement 
lir ecycle. (S2 wk/yr x 2 filters/wk) 

• Disposal Fee for Reverse Osmosis Filters I IR-3 Cost Workslmll 
Assume disposal at ERDF for years I - 12 or the 12-year 1.ifccycle. 

0 
I 

~ 

Assume each filter to be 40 cu rt. 
• Disposal Fee - Evaporation Cake Best pror essional judgement 

60 gpm x 32S ppm• 3.75 er /day 
3.75 cf/day x 36S days• 1369 d/year 
Assume SO% volume increase to stabilize evaporation cake IIR-3 Cost Workshop 
I .S x 1369 d /yr • 2054 cf /yr 

• Allowance for Water Usage. 
Assume IO00 gal per month usage for the 12 year lir ecycle 

Dest pror essional judgcmenl 

WHC:13.21.11. • Assume 2 FTE's for 6 months each year HR-3 Cost Workshop 
Prepare Annual 
Rc1>or1 (Yr- I) 

WHC:13.21.12. • Assume 2 FTE's for 4 months each year HR-3 Cost Workshop 
Prnpare Annual 
Report (Yrs 2-12) 



II AREA INSTfftrrlONAL CONTROLS/CURRENT ACTION 

· TASK NUMBER ASSUMPl'IONS JUSTmCATION I 

ANA:02.01.02. • Assume sampling or 7 monitoring wells on a semiannual basis for DOE Cost Meeting 
Ground Waler lhc 12-year lifccyclc ( 14 umples/yr) 
Anulysis (Yrs 1-12) • All on-sile sample analyses performed by WHC mobile lab. 

• 10% off-silc verification analysis or reduced aaalylc lisl wilh CLP ' protocol. (10% of 14 • I ea) 

WHC:02.01.02. • Assume sampling or 7 monitoring well on a semiannual basis for DOE Cosl Meeting 

Ground Waler lhc 12-ycar lifccycle (14 samples/yr) - Tolal samples• 14 
Analysis (Yrs 1-12) • 90% of samples for analysis 111 mobile lab 

(90% or 14 • 13) 

WHC:02.01.04. • Assume sampling of 7 monitoring wells on a semiannual basis for DOE Cost Meeting 
Ornund Water lhc 12-ycar lifccycle. ( 14 samples/yr) 
Monilor Sam1Jlcs • Assume 2 field h:chnicians for 6 hour:i; on a semiannual ba!>is for 

lhe 12-year lifccyclc. (24 hrs/yr) 

WIIC:13.21.11 • Assume 2 FfE's for 6 monlhs each year HR-3 Cosl Workshop 
Prepare Annual 
~c1mrl (Yrs 1-12) 



• 

. H AREA HVDRAULI cc ONTR 0 L I 

TASK NUMBER ASSUMPTIONS JUSTIFICATION I 
ANA:02.08.02. Ground • Assume sampling of 7 monitorin1 wells on a Best professional judgement 

Water Analysis Yr 1-12 semiannual basis for the 12•year lifecyclc. 
(14 samples) 

• Assume mon1hly performance monitoring of 7 wells Best professional judgement 
f 

for the 12-year lifecycle. 
(84 Samples) 

- Total samples• 98 

• All on-site sample analyses performed by WIIC DOE Cost Meeting 
mobile _lab 

• 10% off-site verification analysis of reduced :malyte DOE Cost Meeting 
list with CLr protocol. 
(10% or 91 • 10 ea) 

SU0:01.02.02 Mobilize • Includes mobilization of field office, storage, and Best professional judgement 
Truilers decontamination trailers 

SUB:01.04.01 Setup • Includes setup of field office, storage, and Desi professional judgement 
Trnilers decontamination trailers 

SUB:01.04.02. Construct .. Construct decontamination area/pad for equipment Dest professional judgement 
Dccon Arca and vehicles 

• Crew and Equipment: 
Fiud Price Contractor: I Group 6 Operator, 3 Group 
I Laborers, and 3 Group 2 Laborers 
Equi.pment: I Backhoe, I pickup lruck 
Oulput: 
Assumed duration for this aclivily is 3 crew days. 

• Allowance for Tank 
Assume 1000 gal plaslic lank for waler collcclion 

SUB:01.04.03 Site Survey • Survey site for construction Best professional judgement 

SUR:01.0S Comurucl • Includes connections tor temporary electricity, Oest professional judgement 
Tcmpornry Utililies lelephone, water, and sewer f acilitics 



. 
. TASK NUMBER ASSUMPTIONS JUSTIFICATION 

.SUB:01.06 Pre- • Includes pre-construction submittals by fixed-price Best professional judgement 
Construction Submittals contractor 

SU 0:03.03 Earthwork • Includes dirtwork to prepare site Oest professional judgement 

SUB:03.04. • Access Roads to Wells Well spacing utilized to estimate I 
Roads/Parking/ Assume I S00 If of road per well, 10 ft wide, native road placement, Richardson Cost 
Curbs/Walks malerials Estimating Guide 

I S00 If /well x 14 wells - 21,000 If 

SU B:06.01.0 I. • Drill/Install Extr/lnject Wells Modelling, geological reports, and 
Groundwaler Colleclion Note: 7 new euraclion wells and 7 new injeclion actual costs from the WI-IC RCRA 
and Control wells, 231 ft deep, I in diameter, screened for SO ft . drilling program 

Unit cost is assumed to include handling and 
packaging of contaminated well cuuings. transport to 
the disposal facility and associated disposal fees. 

• Allowance for well Head Covers 
Assume manhole type cover at each well head 

• Allowance for Well Pumps-SO gpm 
• Allowance for Controls and Connections at Well Best professional judgement 

Heads Richardson Cost Estimating Guide, 
• Allowance for Water Level Monitoring 0e~t professional judgement 

Instrumentation 

• Assume S piezometers per extraction well using well Dest professional judgement 
points 

• Allowance for well testing Oest professional judgement 

I 
Best professional judgement 

SUB:06.01.04. Operations • Allowance for Well Work over Best professional judgement 
and Maintenance 3,6,9 Assume I every· 3 years for each well for the 12-ycar 

lif ecyclc. Workovers in years 3,6,9 
• Allowance for Well Pump Best professional judgement 

Assume I l)ump replacement per extraction well 
every three years for the 12-year lifecycle. Pum1> 
replacement in years l,6,9. 
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TASK N_UMBER 

SUB:06.0l.9X. Sile Piping 

SUB:20.04 Site Restoration 

SUB:21.02.02 Demobilize 
Trailers 

SUB:21.04.02. Remove 
Decon Area-

SUB:21.0S Disconnect 
Temporary Utilities 

SUD:21.06 Post-
Construction Submittals 

• 

• 
• 

• 
• 

• 
. 

• 

• 

• 

ASSUMPTIONS JUSTIFICATION I 
Allowance for Piping from -extraction well to Well .spacing utilized to estimate I 
consolidation facility. flow line length, Best professional 
Assume I S00 If of double-wall PVC piping per judgement 
extraction well. IS00 If/well x-7 wells• I0SOO If 
Allowance for leak detection 
Allowance for Force Main Discharge Piping ' Assume IO.SOO If double-wall PVC piping per 
injection well. I S00lf /well x 7 wells • I 0500 tr 

Includes revegetation at end of project Best professional judgement 

Demobilize field office, storage, and decontamination Best professional judgement 
trailers 

Work to be performed: Oest professional judgement 
Remove decontamination area/pad for equipment and 
vehicles 
Crew and Equipment: 
Fixed Price Contractor: I Group 6 Operator, l Group 
I Laborers, and 3 Group 2 Laborers 
Equipment: I backhoe, I pickup I 

Output: . 

Assumed duration for this activity is I crew day. 

Includes disconnecting electricity, telephone, water, Best professional judgement 
and sewer services 

Includes post-construction submittals by fixed-price Best professional judgement 
contractor 



TASK NUMBER ASSUMPTIONS JUSTIFICATION I 
• WHC:02.08.02. Ground • Assume sampling of 7 monitoring wells on a DOE Cost Meeting I 
Water Analysis semiannual basis for the 12-year lifecycle. 

(14 samples) 

• Assume monlhly performance monitoring of 7 wells 
for the 12-year lifecycle. 
(84 ~amplcs)' I 

- Tolul samples .. 91 
• 90% of samples analyzed by mobile lab 

(90% of 91 • 81) 
• AH on-site samples analyses performed by WHC 

mobile lab 

WHC:02.01.03. Take • Assume samplin1 of 7 monitoring wells on a DOE Cost Meeting 
Ground Waler Samples semiannual basis for lhe 12-year lifecyclc. 

(14 samples) 
• Assume 2 Field Technicians for 6 hours on a Best Professional Judgement . 

semiannual basis for the 12-year lifecycle. 
(24 hrs/yr) 

WHC:06.03. Hydraulic • Assume WHC QA and safety oversite for the Best professional judgemenl 
Conlrol, Yrs 1-12 cons1ruction project. 

' 
WI-IC:06.0S. Operation and • Allowance for Eleclricity Vendor catalogs, vendor quotes 
Muintemmcc Wells: 1266 kW-h/d 

Assume 24 hr/day x 36S days/yr 
Total • 462,090 kW-h/yr 

WHC: 13.21.11. Prepare • Assume 2 FT E's for 6 months per year HR-3 Cost Workshop 
Annual Report (Yr I) 

W HC: 11.21.12 Prepare • Assume 2 FTE's for 4 months per year HR-3 Cost Workshop 
Annual Report (Yrs. 2-12) 



H AREA ION EXCHANGE 

I TASK NUMBER I ASSUMPTIONS I JUSTIFICATION I I 
ANA:02.08.02. Ground • Assume shake-down period with following sampling of Best professional judgement 

I 

Water Analysis'Yr - 1 treatment system: 
- First 2 days: Sample each day of influent and 

effluent (4 samples) 

- Next 4 weeks: 1 sample per week of influent and 

effluent (8 samples) ' 
• 1 sample every 2 weeks of the influent and effluent for Best professional judgement 

remainder of year (48 samples/yr) 

• Assume sampling of 7 monitoring wells on a semiannual Best professional judgement 

basis for the 5-year lifecycle 
(14 samples/yr) 

• All onsite sample analyses performed by mobile lab . DOE Cost Meeting 

• 10 % offsite verification analysis of reduced analyte list with DOE Cost Meeting 

CLP protocol. 

ANA:02.08.03. Ground • Assume 1 sample every 2 weeks of influent and effluent for Best professional judgement 

Water Analysis Yrs 2-5 the 5-yr lifecycle. 
(52 samples/yr) 

• Assume sampling of 7 monitoring wells on a semiannual Best professional judgement 

basis for the 5-yr lifecycle 
(14 samples/yr) 

• All onsite samples analyses performed by mobile lab DOE Cost Meeting 

• 10% offsite verification analysis of reduced analyte list with DOE Cost Meeting 

CLP protocol 

SUB:01.02°.02 Mobilize • Includes mobilization of field office, storage, and Best professional judgement 

Trailers decontamination trailers 
. 

SUB:01.04.01 Setup Trailers • Includes setup of field office, storage, and decontamination Best professional judgement 

trailers 



TASK NUMBER ASSUMPTIONS JUSTIFICATION 

SUB:01.04.01 Setup Trailers • Includes setup of field office, storage, and decontamination Best professional judgement 

I trailers 
I 

SUB:01.04.02. Construct. • Work to be Performed: Best professional judgement 

Decon Area Construct decontamination area/pad for equipment and 
vehicles. 

• Crew and Equipment 
Fixed Price Contractor: 1 Group 6 Operator, 3 Group 1 I 
Laborers, and 3 Group 2 Laborers 

• Output: 
Assumed duration for this activity is 3 crew days 

• Allowance for Tank 
Assume 1000 gal plastic tank for water collection 

SUB:01.04.03 Site Survey • Survey for artifacts Best professional judgement 

SUB:01.05 Construct • Includes connections for temporary electricity, telephone, Best professional judgement 

Temporary Utilities water, and sewer facilities 

Sl!B:01 .06 Pre-Construction • Includes pre-construction submi.ttals by fixed-price contractor Best professional judgei;nent 

Submittals 

SUB:03.03 Earthwork • Includes dirtwork to prepare site Best professional judgement 

SUB:03 .04. • Access Roads to Wells Well spacing utilized to estimate road ... 
Roads/Parking/Curbs/ Assume 10 ft wide, native materials placement, Richardson Cost Estimating 

Walks Guide 

SUB:03.05. Fencing • Allowance for Permanent Fencing Industry standard, Best professional 
Assume 7 ft high security fence judgement 



I TASK NUMBER I ASSUMPTIONS I JUSTIFICATION I 
SUB:06. Groundwater • Drill/install extraction wells Modelling, geological reports, and actual 

Collection and Control Note: 3 new injection wells, 60 ft deep, 8 in diameter. Unit costs from WHC RCRA drilling 

cost is assumed to include handling and packaging of program 

contaminated well cuttings, transport to the disposal facility, 

and associated disposal fees. 

• Allowance for Well Pumps and Installation - 50 GPM Richardson Cost Estimating Guide, Best 

• Allowance for Controls and Connections at Well Heads professional judgement 

• . Allowance for Water Level Monitoring Instrumentation Best professional judgement I 

• Assume refurbishing existing wells . Best professional judgement 

• Allowance for Well Head Covers Best professional judgement 

Assume manhole type cover at each well head 

• Allowance for Well Testing Best professional judgement 

SUB:06.01 .04. Operations • Allowance for Well Workover Best professional judgement 

and Maintenance 3 Assume 1 workover every 3 yrs for each well for the 5-year 

lifecycle. 
Workovers in year 3 

• Allowance for Well Pump Replacement Best professional judgement 

. Assume one pump replacement and installation per well every 

3 years for the 5-year lifecycle 
Replacement in years 3 

SUB:06.01.9X. Site Piping • Allowance for Piping from Well Well spacing utilized to estimate flow 

Head to Treatment Plant - double-wall PVC piping line length, Best professional judgement 

• Allowance for Leak Detection 

• Allowance for Force Main Discharge Piping - single-wall 
PVC piping 



I TASK NUMBER I ASSUMPTIONS I JUSTIFICATION I 
SUB: 12. Chemical Treatment • Excavate and prepare site for construction Vendor quote 

Assume a tent structure complete with frame , doors, and roll-

up doors. 

• Ion Exchange Equipment/Staging Vendor quote, results from treatability 

Includes 1 x 300 gpm treatment system. Resin included in study 

O&M , 

• Allowance for Bldg Electrical Best professional judgement I 

Includes lighting, fixtures, motor starters, controllers, 

junction boxes, transformer, chart recorders, annunciators, 

panels, conduit, and wiring. 

• Allowance for Bldg Mechanical Best professional judgement 

Includes equipment installation and connections, 

controls/instrumentation, interior piping (plastic), floor drains 

and piping. 

SUB:20.04 Site Restoration • Includes revegetation at end of project Best professional judgement 

SUB:21.04. Demobilze Temp • Includes removal of decontamination area Best professional judgement 

Facilities • Crew and Equipment: 
Fixed Price Contractor: 1 Group 6 Operator, 3 Group 1 

Laborer, and 3 Group 2 Laborers 

• Equipment: 1 backhoe, 1 pickup truck 

• Output: -
Assumed duration for this activity is 1 crew day 

SUB:21.05 Disconnect • Includes disconnecting electricity, telephone, water, and Best professional judgement 

Temporary Utilities sewer services 

SUB:21.06 Post-Construction • Includes post-construction submittals by fixed-price contractor Best professional judgement 

Submittals 

- --- - - - - - -



I TASK NUMBER I ASSUMPTIONS I JUSTIFICATION I I 
WHC:02.08.02. Ground • Assume shake-down period with following sampling of Best professional judgement, cost 

Water Analysis Yr - 1 treatment system: meeting 

- First 2 days: Sample each day of influent and 
. effluent (4 samples) 

- Next 4 weeks: 1 sample per week of influent and 
effluent (8 samples) 

• 1 sample every 2 weeks of influent and effluent for Best professional judgement 

· remainder of year ( 48 samples/yr) ' 
• 90 % of samples analyzed a mobile lab DOE Cost Meeting 

• HACH kit samples are taken 2 per day for the 5-yr lifecycle DOE Cost Meeting 

plus an additional 48 samples during the shake-down period. 

WHC:02.08.03. Ground • Assume 1 sample every 2 weeks of the influent and effluent Best professional judgement 

Water Analysis Yr 2 - 5 for the 5-yr lifecycle. 
(52 samples/yr) 

• Assume sampling of 7 monitoring wells on a semiannual DOE Cost Meeting 

basis for the 5-year lifecycle. 
(14 samples/yr) 

• 90% of samples analyzed at mobile lab DOE Cost Meeting 

• HACH kit samples are taken 2 per day for the 5-yr lifecycle. DOE Cost Meeting 

WHC:02.08 .04. Ground • Assume sampling of 7 monitoring wells on a semiannual DOE Cost Meeting 

Water Monitor Samples basis for the 5-year lifecycle. 
(14 samples/yr) 

• Assume 2 field technicians for 6 hours on a semiannual basis Best professional judgement 

for the 5-year lifecycle. 
(24 hrs/yr) 

WHC: 12.05.06 Personnel • Includes operator time and allowance to attend 40-hour Best professional judgement 

Training training 



I TASK NUMBER I ASSUMPTIONS I JUSTIFICATION I 
WHC:12.05.08 Operations & • Treatment facility will be fully staffed with 2 FfE's per Best professional judgement I 
Maintenance Yrs 1-5 shift, 1 shift per day, 7 days per week. I (365 days/yr x 8 hrs/day = 2,920 hrs/yr) 

• Ion exchange media to be regenerated every 7 days for Vendor quote, treatability test report 

chromium treatment results 

• 2 FfE crew will be composed of the following members: 

. 0 .25 ea - supervisor 
l.00·ea - operator I 

0.50 - engineering support 
0.25 ea - maintenance engineer 

• Allowance for electricity Vendor catalogs, vendor quotes 

Wells: 591 kW-hr/d 
Ion Exchange Plant: 1594 kW-hr/d 
Assume 24 hrs/day x 365 days/yr 
Total = 797,318 kW-hr/yr 

• Ion Exchange Media will not require replacement during the Boomsnub data, best professional 

5-year lifecycle. judgement 

• pH adjustment Boomsnub data 



I TASK NUMBER I ASSUMPTIONS I JUSTIFICATION ii 
WHC: 12.05.08 Operation and • Disposal Fee for ion exchange media HR-3 Cost Workshop 

Maintenance Assume disposal at ERDF for year 5 

WHC: 12.05.11. Prepare • Assume 2 FIE's for 6 months each year .HR-3 Cost Workshop 

Annual Report Yr 1 
I 

WHC: 12.05.12. Prepare • Assume 2 FfE's for 4 months each year HR-3 Cost Workshop 

Annual Report Yrs 2-5 
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H AREA REVERSE OSMOSIS 

TASK NUMBER ASSUMPTIONS JUSTIFICATION 

A NA:02.01.Ql. • Assume shake-down period with the following sampling schedule Desi professional judgement 

Ground Waler for the treatment system: 

Analysis (YR I) - First 2 days: Samples every four hours of influent and effluent 

(24 samples) 
- Next S days: I sample per day of influent and effluent ( I 0 ' 

samples) 
- Next 7 weeks: I sample per week of influent and effluent ( 14 

samples) 
. 

• I sample per filter change out ( I week) .of the influent and effluent Desi professional judgement 

for the 12-yr lifecycle (104 samples/yr) 

• Assume sampling of 7 monitoring wells on a semiannual h:,sis for Dest professional judgement 

the 12-year lifecyclc (I• samples/yr) - Total samples• 166 

• All on-site samples analyses performed by WHC mobile lab DOE Cost Meeting 

• 10% off-site verification analysis of reduced analyle list wilh CLP DOE Cost Meeting 

protocol. ( 10% of 166 • 17 ea) 

ANA:02.01.03. • Assume I sample per filler change out ( I week) of the influent and Best professional judgement 

Ground Waler effluent for the 12-yr lifecycle. (104 samples/yr) 

Analysis (YRS 2- • Assume sampling of 7 monitoring wells on a semiannual basis for Dest professional judgement 

12) the 12-year lifecycle ( 14 samples/yr) - Total Samples • 111 

• All on-site sample analyses performed by WHC mobile lab DOE Cost Meeting 

• 10% off-site verification analysis of reduced analyle list wilh CLP DOE Cost Meeting 

protocol ( 10% of 118 • 12) 

SU B:0 1.02.02 • Includes mobilization of field office, storage, and decon trailers Best professional judgement 

Mobilize Trailers 

SU B:0 1.04.0 I. • Includes setup of field office, ·storage, and decon trailers Best professional judgement 

Setup/Construct 
Temporary 
Facilities 



TASK NUMBER ASSUMPTIONS JUSTIFICATION I 

SUB:0 1.04.02. • Work to be performed: Best professional judgement I 
Construct Decon Construct decontamination area/pad for equipment and vehicles. 
Area • Crew and Equipment 

• Filetl Price Contractor: I Group 6 Operator, 3 Group I l.ahorcrs, 
3 Group 2 Laborers 
Equipment: I backhoe, I pickup truck I 

Assun,ed duraaion for this activity is l crew days. 
• Allowance for Tank 

Assume 1000 gal plastic tank for water collection 

SUB:O 1.04.03. Site • Survey site for construction Best professional judgement 
Survey 

SUB:01.0S. • Includes connections for temporary electricity, telephone, waler, Best professional judgement 
Construct and sewer services 
Temporary 
Utilities 

SIJ0:01.06. rre- • Includes pre-construction submillals by fixed-price contractor Best professional judgement 
Consll uclion 
Submillals 

SUD:03.03. • Includes dirtwork lo prepare site Dest professional judgement 
Earthwork 

SUB:03.04. • Assume I S00 If of access road per well. 10 rt wide, native materials Well spacing utilized to estimate 
Roads/Parking/ I S00 If/ well 1. 14 wells • 21,000 If road placement, Richardson Cost 
Curbs/Walks Estimating Guide 

SUB:03.0S. • Allowance for Permanent Fencina Industry standard, Best professional 
Fencing Assume 7 rt high security fence judgement 

SUB:03.06 • Includes pulling power to site Best professional judgement 
Electrical . 
Distribution 



0 
~ 
0 

TASK NUMBER 

SUB:06. 
Groundwater 
Collection cl . 
Control 

SU0:06.0 I .04 
Operations and 
Maintenance 3,6,9 

SUB:06.0 l .9X. 
Site Piping 

ASSUMPTIONS 

• Drill/Install Extr/lnject Wells 
Note: 7 new extraction wells and 7 'new injection wells~ 233 rt 

deep, I in diameter, screened for 50 rt. Unit cost is assumed to 

include handling and cuttings, transport to the disposal facility, 

and associated dispos:il fees. 
• Allowance for 'Well Pumps - SO gpm 
• Allowance for Water Level Monitoring Instrumentation 

Assume S peizomcters per extraction well using well points 

• Allowance for Well Head Covers 
Assume manhole type cover at e:ich well he:id 

• Allowance for Well Testing 

• Allowance for Well Workover 
Assume I workover for every 3 yrs. for each well; workovers in 

years 3,6,9 
• Allowance for Well Pump Replacement. Assume I pump 

replacement per extraction well every 3 years; pump replacements 

in years l,6,9 

• Allowance for Piping from Well Head to Treatment Plant 

Assume I 500 If of double-wall PVC piping per extraction well . 

1500 If /well x 7 wells • l 0,500 If 
• Allowance for Force M:iin Discharge Piping 

Assume I 500 If of single-wall PVC for each injection well . 

1500 If /well x 7 wells - 10,SOO If 

JUSTIFICATION I 
I 

Modelling, geological reports, and I 
actual costs form WHC RCRA 
Drilling Pro1ram 

Richardson Cost Estimating Guide, 
Dest professional judgement 
Dest professional judgement 

Dest professional judgement 

Oest professional judgement 

Best professional judgement 

Well spacing utilized to estimate 
flow line length, Best professional 
judgement 



TASK NUMBER ASSUMPTIONS JUSTIFICATION I 
I 

I 

SUB: 13.21 .04. • Excavate and Install Building Foundation Best professional judgement 

Construction of • Install Butler Building 
Permanent Plant Assume a prefabricated heated building complete with frame, 

doors, roll up doors, gutters, insulation, and roof vent. 
• Reverse Osmosis Equipment/Staging 

Includes I - 3SO gpm lreatment system, 22S psi inlet pressure, IOCM. 
Vendor quote I 

reject 
• Vapor Recompression Evaporator Vendor quote 

Capacity • 350 gpm x 0.1 • 3S gpm, includes startup boiler. 2% 
reject 

• ltotary Drum Filler /Dryer Richardson Cost Estimating Guide 
1.iquid loading: }SO gpm x 0.1 x_ 0.02 • 0.1 gpm • lSO lbs/hr 
Drying area • lS sf 

• Steam Generator Vendor catalog 
Evaporate 0.7 gpm • 350 lbs/hr 600,000 BTU 

• Allowance for Bldg Electrical Dest professional judgement 
0 

I 
Includes lighting, rixtures, motor s1ar1ers, controllers, junction 

'-" - boxes, transformer, chart recorders, annunciators, panels, conduil, 
and wiring. 

• Allowance for Bldg Mechanical Best professional judgement 
Includes equipment installation and connections, 
controls/instrumentation, inlerior piping (plastic), floor drains and 
piping, and HV AC. 

SUB: 20.04 Site • Includes revegelation at end of project Best professional judgement 
Restoration 

SUB: 21.02.02 • Demobilize field office, storage, and decontamination &railers Best professional judgement 
Demobilization 

SUB: 21.04.02. • Includes removal of deconlaminalion area Desi professional judgement 
Remove Dccon • Crew and Equipment: 
Area-Yr 12 Filled Price Conlractor:I GrQup 6 Operator, 3 Group I Laborers, . 

and 3 Group 2 Laborers 
. Equipment: I backhoe, I pickup 

Output Assumed duration for this activity is I crew day 
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TASK NUMBER ASSUMPTIONS JUSTIFICATION I 

l=a.===a====t:==================~=============a1 
SUD 21.0S • Includes disconnecting electricity, telephone, waler, and sewer Best professional judgement 

Disconnect services. 
Temporary · 
Utilities 

SUB 21.06 Post
Construction 
Submhtals 

WHC:02.08.02. 
Ground Water 
Analysis-Yr I 

• Includes post-construction submittals by fixed-price conlraclor 

• Assume shake-down period wilh the fallowing sampling or 

trealment system: 
- First 2 days: Sample every four hours of inrluenl and erflucnt 

(24 samples) 
- Next S days: I sample per day or influent and ernuent 

( 10 samples) 
- Next 7 weeks: I sample per week or influent and effluent 

( 14 samples) 
• I sample per filter change out ( I week) or the influent and errlucni 

for the 12-yr lifecycle ( 104 samples/yr) 
• Assume sampling of 7 monitoring wells on a semiannual basis for 

the 12-year lif ecycle ( 14 samples/yr) 
- Total samples • 166 

• 90% of samples for analysis at m~bile lab 
(90% of 166 • 149) 

• HACH kit samples are taken I per shift for lhe 12-yr lifecyclc plus 

an addilional 48 samples during the shake-down period. 

(1141 samples) 
• IIACH Kit Replacement 

Assume I per yr 

------

Best professional judgement 

Best professional judgement, cost 
meeting 

Dest professional judgement 

Ucst professional judgement 

DOE cosl meeling 

DOE cosl meeting 
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TASK NUMBER 

WHC:02.01.03. 
Ground Water 
Analysis-Y{S 2-12 

WHC:02.08.04. 
Ground Water 
Monitor Samples 

WHC: 13.21.06. 
Personnel Training 

WHC: 13.21 .08. 
Operalion ;and 
Maint-Yrs 1-12 

ASSUMPTIONS JUSTIFICATION 

• I sample per filler change out ( I week) of the influent and effluent Best professional judgement 
for the 12-yr lirecycle (104 samples/yr) 

• Assume sampling of 7 monitoring wells on a semiannual basis for 
tho 12-year lifecycle (14 samples/yr) DOE cost meeting 
- Total samples • 11 a 

' • 90% of samples for analysis at mobile lab 
(90% of 118 • 106) 

• HACH kit samples are taken I pershifl for the 12-yr lifecycle DOE cost meeting 
( 11-13 samples) 

• WIIC IIACH kit Rc11la~cmcnt DOE cost meeting 
Assume I per yr 

• Assume sampling of 7 monitoring wells on a semiannual basis for DOE cost meeting 
the 12-year lifecycle. 
( 14 samples/yr) 

• Assume 2 field technicians for 6 hours on a semiannual basis for Oest professional judgement 
the 12-year lifecycle. 
(24 hrs/yr) 

• Note: This account to allow for operator time and an allowance for Best professional judgement 
40 ,,our training course 

• Treatment facility will be fully staffed with 2 FTE's per shift, 3 Dest professional judgement 
shifts per day, 7 days 11er week. 
(36S days/year x 24 hrs/day • 1760 hrs) 

• Reverse Osmosis filters will be replaced every week for the 12- Dest professional judgement 
year lifecycle. 

• 2 FT~ crew will be com1>Used of lhe following members: 
0.25 ea - supervisor 
1.00 ea - operator 
0.S0 ea - TP tech support 
0.2S ea - maintenance supervisor . 



TASK NUMBER ASSUMPTIONS JUSTIFICATION 

. WHC: 13.21.08. • Allowance for Electricity Vendor catalogs. vendor quotes I 

Operation and Wells: 1266 kW-hr/d 

Maint-Yrs I·- 12 RO System: 1312 kW-hr/d 

(Continued) Recompr Evap: 4032 kW-hr/d 

Rotary Filter/Drum: 4213 kW-hr/d 

Assume 24 hrs/day x J6S days/yr 
f 

Total• l.97S.94S kW-hr/yr 
• RO System Chemicals Vendor quote 

Includes scale inhibitors. S0.29/ 1000 gal 

3SO gpm x 1440 m/d Jl 365 d/y • 114 MMgpy 

• Reverse Osmosis Filler Replacement Dest professional judgement 

Assume replacement of 2 filters on a weekly basis for the 12-ycar 

lif ecyclc. (52 wk/yr Jl 2 filters/wk) 

• Disposal Fee for Reverse Osmosis Filters HR-l cost workshop 

Assume disposal at ERDF for years I - 12 of the 12-year lil"ecycle. 

Assume each rilter to he 40 cu ft. 

• Disposal Fee - Evaporation Cake 

lSO gpm x 325 ppm • 22 cf /day Dest professional judgement 

22 cf/day x 36S days .. 8030 cf /year 

Assume SO% volume increase to stabilize evaporation cake IIR-3 Cost Worksho1> 

1.5 x 1010 cf /yr a 12.045 cf/yr 

• Allowance for Water Usage. 

Assume 1000 gal per month usage for the 12 year lifecyclc 
Dest professional judgement 

WHC:13.21.11. • Assume 2 FT E's for 6 months each year HR-3 Cost Workshop 

Prepare Annual 
Rc1>or1 (Yr- I) 

WHC:13.21.12. • Assume 2 FTE's for 4 months each year HR-3 Cost Workshop 

Prepare Annual 
Report (Yrs 2-12) 



DOE/RL-9j :. J 3360 .. 1509 
Draft B 

SECTION 1.3 COST SUMI\fARY TABUS 

• 
D-55 



Cost Summary for D/DR Area Cost(bl I 
I 

Cost Element Type Year(s) Institutional Vertical Pump and Pump end 
Applicable Controls/ Barrier Treat with Treat ith 

Continued (Sheet Pile) Ion . Reverse 
CAP O&M Current Exchange Osmosis 

Actions 

ANA: Off-Site Analytical Services I 

ANA:02 Monitoring, 
Sampling, and 
Analysis 

! Offsite Yr 1 X 1 4210 42,100 33,680 71,570 

r·~~;~~~~··;·~~··;~·~·;·············· ·················· ·········:··· .............. ;~·~;·········· ···;;·~·~············· ··· .. ···· ···;;~·~~··· .. ···· .. ··· ···;~·:~;~··········· .. ···;~·:;;~········· .. . 

SUB: Fixed Price Contractor 

SUB:01 

SUB:03 

SUB:06 

SUB:12 

SUB:13 

SUB:20 

SUB:21 

Mobilization & Preparatory X 0 37,810 29,430 37,970 

Site Work 

Groundwater 
Collection and 
Control 

X 0 27,910 72,860 87,500 

! Drilling x O - 282,680 690,000 1,393,540 
.................................................... ···············•··•···•········ ······ ................................................................ ......................... ...... ·····················••··•··•·· ............... .............. . 

~ O&M 3,6,9 : x 3,6,9 - 59,110 180,000 178,060 
: ••• •• ••••••• ••• ••• •••••••••• •••• •••••ou, .. ,,, 4 ,,ouo, , ,, .. , , ,, , , ••••••• •••••••• •••• •••••••u• ••• •• •• • •• • ••••• ••••• n •••• •••••• •• •••••••••••• •••••••u••••• ••••• ••• ••••-- •••••••••••••••• •••• •• •• •••••••• ••••• ••••• .. ••• • •• • • 

l Piping x O - 145,190 446,960 389,680 
................................ .................... ............ ....... ................................................................................. ............................... ............................................................. 

Sheet Pile x O - 10,525,290 - -

Chemical Treatment X 0 - - 1,310,000 -

Physical Treatment X 0 - - - 1,383,220 

Site Restoration X 12 - 12,850 10,000 12,900 

Demobilization X 12 - 19,350 15,060 19,430 

WHC:Westinghouse Hanford Company 

WHC:02 Monitoring, 
Sampling, & 
Analysis 

: Yr 1 x 1 5860 2300 28,080 60,410 
................................ ...................................................................................... ...................................................... ............ ............................... .............................. 

l Yrs 2-12 x 2-12 5860 - 25;230 43,210 
.......................................... ............................................................................ ........ ........................... ......................... ...... ............ ................................................. 

Yrs 1-12 x 1-12 - 35,860 660 660 
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Cost Summary for D/DR Area Cost<"1 

WHC:06 

WHC:12 

WHC:13 

Miscellaneous 

Cost Element Type Year(s) Institutional Vertical Pump and Pump land 

Groundwater 
Collection and 
Control 

Chemical 
Treatment 

Physical 
Treatment(•I 

Overhead 

Profit 

Bond 

B&O Tax 

Applicable Controls/ Barrier Treat with Treat bith 
Continued (Sheet Pile) Ion Reve e 

CAP O&M Current Exchange Osmosis 

Actions 

Yr 1 X 1 2300 
; .................................................................................................................................................................................................................................................... . 

j Yrs 1-12 l x 1-12 2140 I 
: : 

l Training Yr 1 l x 1 6,900 
; ............................................................... .............. ........................................................................................ ................... ............................... ······•··············•··•····· 

j O&M Yrs 1-12 j x 1-12 314,930 
i•••• ••• •••••••••••••• ••••••oo••oo•••••••••••••••••• •••••••••••••••••• .. ••••••oo•••• ••••-- ...... , ..... , •• ,,, .......... , .... ,, .. , ....... , .... , ... •••00•••" •• ••• •••••"•• .. •••"• .. • •• 00 •• -- •••• • •• ••••••--•••• •••••••••• ........... , .. •••••• ••00•0000o 

j Annual Rpt Yr I I x 1 90,150 90,150 90,150 
i ••••••••ooo o0 000 ...... , ......... , •• ,., .. ,.,., • .,,,. ''" " " "'••oo • ... ,:, ....... •••••oo ••• ••••••0000000000000 • 0•••••"• •••••••••••00••0000000••""" .. ••• . ....... ,,0000000•••••• •• •••••• ••• .. ••••• ................. , .. , oooo••••oo•••••••••oo .. 00 0000 , 

l Annual Rpt Yrs 2-12 l x 2-12 90,150 60,070 60,070 

j Training Yr 1 ; x 1 6900 
; .................... ..................................................................... ............................. .............................................................................................................................. . 

l O&M Yrs 1-12 l x 1-12 1,007,500 
i ..................................................................... J ............................................................................................................................................................................ ,. 

j Annual Rpt Yr 1 j x 1 90,'150 
; ................................................................................................................................................................................................................................................... .. 

l Annual Rpt Yrs 2-12 l x 2-12 60,070 

X 1-12 136,906 43,610 42,977 

X 1-12 55,594 19,803 19,515 

X 1-12 4458 2,195 1811 

X 1-12 4331 1,388 1365 

Material/Supply MPR X 1-12 348 4572 · 

Subcontractor MPR X 1-12 67,587 21,646 21,306 

Project Management/Construction X 1-12 1200 151,397 54,353 62,836 

Management 

·--
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Cost Summary for D/DR Area Cost(b> 

Cost Element Type Year(s) Institutional Vertical Pump and Pump~nd 
Applicable Controls/ Barrier Treat with Treat~ith 

Continued (Sheet Pile) Ion Rev e 
CAP O&M Current Exchange Osmosis 

Actions 

General & Admin/Common Support X 1-12 2347 295,980 106,258 122,844 

Pool 

Contingency X 1-12 4164 511 ,069 184,878 215,166 

Total Miscellaneous 7711 1,227,322 434,479 492,392 

Capital Year 0 0 11,018,880 2,549,250 3,291,910 
; ....................................................................................................................... ........ ......... ......... ............... .................................................. ...... ............................. . 

I Year 12 0 32,200 25,060 32,330 

Annual O&M I ... Year .. 1 .............. ............................................................................................ !.2!.:.?.~.~··············· ... !.~~.~?:.~ !.~ .......... ?.?.!.: !.~.~ ........... .... ~.???.:.~.~! .... . 
i Years 2,4,5,7 107,931 1,367,492 806,417 1,654,352 

! 8,10,11 
: · ··· · ····· ......... .. . .... . ... . . ... . ........ . ............ . .... . ........... . .. .......... . .. . . . ... . .. . ....................................... ................. . ......... . ..... . .......... u ..... . . ..... .. . . ......... . .... . ·············--········ · ··· · · · 

·\ Year 12 807,583 
:··--· ................................................................................................................................... .................. ............................... ............................................................ . 

l Years 3,6,9 107,931 1,426,602 986,417 1,832,412 

Present Worth 956,603 23,323,326 10,213,509 18,445,702 

(a) For Institutional Controls/Continued Current Actions and Vertical Barrier (Sheet Pile) = Annual Report 

.(b) · Costs for task/subtask/sub-subtask elements are obtained from the Contract Cost column in the Level 5 Project Owner Summaries (MCACES Cost Model 

Runs-Section 1.4). Yearly Miscellaneous Costs are obtained by taking 1/12 of the individual line-item Miscellaneous Costs from the Total Cost column 

of the Level 1 Project Direct Summaries (12 years is the project duration). 

(c) Pump and Treat with Ion Exchange option was run for a 12- and 5-year project duration. Costs shown in this table represent the 12-year duration. 

CAP Capital 
O&M Operation & Maintenance 



Cost Summary for H Area Cost(b> I 

Cost Element Type Year(s) Institutional Hydraulic Pump and Pump 1nd 
Applicable Controls/ Control Treat with Treat Jith 

Continued Ion Reve e 
CAP O&M Current Exchange Osmosis 

r Actions 

ANA: Off-Site Analytical Services 

ANA:02 Monitoring, 
Sampling, and 
Analysis 

j Offsite Yr 1 X 1 4210 42,100 33,680 71,570 I 

r~;;~;·~~··;·~~··;~·;·;········· .. ··· .................. ......... ~······· ··········;~~;········· ···~;·;·~······················ ···~;:·~~··········· ···;;~·~;~·············· ···;~:·~;~············ 

SUB: Fixed Price Contractor 

SUB:01 

SUB:03 

SUB:06 

SUB:12 

SUB:13 

SUB:20 

SUB:21 

Mobilization & Preparatory X 0 37,850 29,430 37,930 

Site Work 

Groundwater 
Collection and 
Control 

X 0 68,850 50,950 95,610 

~ Drilling x 0 - 3,297,500 301,000 3,304,370 
.................................................... ......................... .................................................................................................................................................................... 

~ O&M 3,6,9 x 3,6,9 - 207,110 193,000 207,540 
:··· .. . .. .................................................................................................................................... ........................................ -.................. ................. . 

! Piping x ! 0 - 492,680 264,370 453,100 

Chemical Treatment X : 0 - - 1,970,000 -

Physical Treatment X 0 - - - 3,270,340 

Site Restoration X 12 - 12,860 10,000 12,890 

Demobilization X 12 - 19,370 15,060 19,410 

WHC:Westinghouse Hanford Company 

WHC:02 Monitoring, 
Sampling, & 
Analysis 

. : 
Yr l x 1 5860 35,860 28,080 60,410 

•·········· ·········•··•·········•··············•··· ··········•····•·••············· ................................................................................................................................ ·······•····················· 
1 Yrs 2-12 x 2-12 5860 35,860 25,230 43,210 
•··········•························ ................ ......................... ...... ...................................................................... ................. ........... ······•························ ····················· .. ..... . 
i Yrs 1-12 x 1-12 - - 660 660 



WHC:06 

WHC:12 

WHC:13 

Miscellaneous 

Cost Summary for H Area Cost(b> 
I 

' Cost Element Type Year(s) Institutional Hydraulic Pump and Pump and 
Treat Jith 

Groundwater 
Collection and 
Control 

Chemical 
Treatment 

Physical 
Treatment<•> 

Overhead 

Profit 

Bond 

B&O Tax 

Applicable Controls/ Control Treat with 
Continued Ion Reve~e 

CAP O&M Current Exchange Osmosis 
Actions 

Yr 1 X 1 18,480 
i••········ ···························--·····--····· .........•..•..... ; .............................................................. u, .. , ..................................................................................................... . 

l Yrs 2-12 l x 2-12 18,480 
: : 

l Training Yr 1 x 1 6900 i••··················· .. ··············· .. ······--··· .................. J ............................................... ................................... ...................................................................................... .. 

\ O&M Yrs 1-12 \ x 1-12 450,060 
: .......... ............................... ............................ J ............................................................................................................................................. ............................ . 

! Annual Rpt Yr 1 ! x 1 90,150 
; ............................... .................................... . . ,i .................. · · ·· · · --·····--··--···--····· ...................................................................... ................ .................................... . 

j Annual Rpt Yrs 2-12 I x 2-12 60,070 

L!.~~!~~~ .. !.E .. ~ .................... .................. L ...... ~ .. ...... .............. ~ ................................................ ............................ .................................. ~?.~ ............... . 
! O&M Yrs 1-12 l x 1-12 1,222,100 
; ..................................................................... J ......................................................................................................................................................................... . 

!AnnualRptYrl ! x 1 90,150 90,150 90,150 
; ......................................... .......... ...... ........... . ,i ........................................................................................................................................................................ .. 

l Annual Rpt Yrs 2-12 I x 2-12 90,150 60,070 60,070 

X 1-12 50,911 44,868 90,907 

X 1-12 22,161 20,374 41,279 

X 1-12 2051 2,243 3231 

X 1-12 1612 1,428 2885 

Material/Supply MPR X 1-12 929 4572 

Subcontractor MPR X 1-12 25,162 22,270 45,024 

Project Management/Construction X 1-12 1200 58,034 57,503 117,812 
Management 



t:l 
I 
0\ -

Cost Summary for H Area Cost(b> 

Cost Element Type Year(s) Institutional Hydraulic Pump and Pump rd 
Applicable Controls/ Control Treat with Treat Ith 

Continued Ion Reve e 
CAP O&M Current Exchange Osmosis 

Actions 

General & Admin/Common Support X 1-12 2347 113,457 112,420 230,322 
Pool 

Contingency X 1-12 4164 196,662 195,490 400,303 

Total Miscellaneous 1-12 7711 470,050 457,525 936,335 

Capital i Year O O 3,896,880 2,615,750 7,161,350 !···························· ....................................................... ...... .............................. ................................... ..... ....................... ........................................................... . 
i Year 12 0 32,230 25,060 32,300 

Annual O&M I Year 1 107,931 656,640 1,063,287 2,388,125 
. ;········-- ············· .. ······ ···········--·--················································•u••··-----........................................................................... u, ........................................................ . 
j Years 2,4,5,7 107,931 626,560 867,223 2,312,895 

1 s,10,11 . 
; . 

j Year 12 . 870,331 
•• •• •••••••••••••••••• ••••••••••••• •••••••••••••••••••••••••••••••• ••••• •••• •••••••••••••••• ••• •• •••• ••• ••--•• •--•••• ••· ""'V••• •• •••••••••••• •••• •""•••• ............ ................ •••••--•••••• •• •••• ••• •0000,, .................. . .......... .. 

! Years 3,6,9 :~107,931 833,670 1,060,223 2,520,435 

Present Worth . 956,603 9,963,688 10,939,587 28 ,218,323 

(a) For Institutional Controls/Continued Current Actions and Hydraulic Control = Annual Report 
(b) Costs for task/subtask/sub-.subtask elements are obtained from the Contract Cost cohimn of the level 5 Project Owner Summaries (MCACES Cost Model 

Runs-Section I .4). Yearly Miscellaneous Costs are obtained by taking 1/12 of the individual line-item Miscellaneous Costs from the Total Cost Column 
of the Level 1 Project Direct Summaries (12 years is the project duration). 

(c) . Pump and Treat with Ion Exchange options was run for a 12- and 5-year project duration. Costs shown in this table represent the 12-year duration. 
CAP Capital 
O&M Operation & Maintenance 
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